\ 


\ 


r 


ONE  YEAR  TOPICAL  INDEX 


OF 


The  Electric  Journal 


WITH 


INDEX  TO  AUTHORS 


FOR 


VOL.  XVI  '  '  1919  '  /  7 


1^1 


PUBLISHED   BY 

THE    ELECTRIC    JOURNAL 

PITTSBURGH,  PA. 


OUTLINE  KEY  TO  TOPICAL  INDEX 

VOLUME  XVI 

THIS  Index,  as  well  as  the  previous  indexes,  is  arranged  according  to  the  topical  classification  of  subjects.  original 

scheme  for  this  method  of  indexing  was  published  in  the  Journal  for  February,  1906.  AH  articles  which  have  ap- 
peared in  Ihe  Journal  bince  its  initial  issue  can  be  located  quickly  by  the  use  of  the  Ten-Year  Index,  (1904-1913),  the  Five 
Year  Index  (1914-1918)  and  the  present  Index,  which  covers  the  first  year  of  the  fourth  pentad. 

Abbreviations:  7"— Number  of  Tables;  C— Number  of  Curves;  D — Number  of  Diagrams;  /^Number  of  Illustrations; 
;;•— Number  of  Words;  (^.S— Question  Bo.\;  .SA''— Engineering  Notes;  ./^i¥— Industrial  Applications  of  Electric 
Heaters;  /v'OZ?— Railway  Operating  Data.  (The  numerals  following  EN,  EH  and  ROD  are  volume  and  page  num- 
bers.)    The  main  headings  and  sub-divisions  are  as  follows: — 
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THE    JOURNAL    QUESTION    BOX 

References  in  the  Inde;:  to  the  Journal  Question  Box  are  given  by  numbers.     The  questions  and  answers 
during  1919  appeared  as  follows: 

1686-1696    '  -TtlNE    1749-1772 


1696-1710 
1711-1723 
1724-1740 


AUGUST     

SEPTEMBES 
OCTOBEB    .  .  . 
NOVEMBEE     . 


1741-1748       DECEMBEB 


1773-1782 
1783-1806 
1807-1814 
1816-1826 
1827-1839 


MECHANICAL  ENGINEERING 


Mauutiicture  of  Six-lnrh  HIkIi-BxiiIo- 

sive  Slu-lls — T.  D.  Lynch.     1-23,  W-3600. 
Vol.    XVI,    p.    17,   Jan.,    '19. 

(E)    H.   P.   Davis,   W-390,   p.  7. 

Bakelite   Mionrta    Airplane   Propellers 

— N.    S.    Clay.      C-1,    1-6,    W-2400.      Vol. 
XVI,  p.  482.  Nov.,   'IS. 

(E)    R.   P.  Jackson.    ■W-270,   p.   469. 

Decreased  Operating  Costs  With  Hel- 


Ifjil    Upurs — G.    M.    Eaton.      1-2,    W-3000. 
Vol.  XVI,  p.  430,  Oct.,  '19. 

Miili-r  ^VI^ccl   Governor — QB,    1807. 


STEAM 

Fuel  Biirulu^  li^qulpnient  of  Modern 
rower  StalioiiM— J.  G.  Worker.  C-1, 
1-13,  W-2030.     Vol.  XVI.  p.  65.  Feb.,  '19. 


biiree    Stt-am    Turbine    Design — J.    F. 

Johnson.  T-1,  C-1  D-1,  1-2,  W-5120. 
Vol.   XVI,   p.   33,   Jan.,   '19. 

Turbine  Gear  Drive  for  Torpedo  Bout 
Deiitroyers — W.  B.  Flanders.  T-2.  C-1. 
1-5,  ■W-1100.     Vol.  XVI,  p.  474,  Nov.,  '19. 

Size   of   Kxhaust   Pipe — QB.    1769. 

AVlre  Drawing^ — QB,   1777. 

Boiler   Gaskets^QB,    1785. 


ELECTRICAL  ENGINEERING 

GENERAL 


Post-War    Eugineerlug    Problems — C. 

E.    Skinner.      (E)    W^-470.      Vol.   XVI,    p. 
1,  Jan.,   '19. 
What    the    Utilities    Have    Gained — E. 

H.   Sniffln.      (E)    -n^-SOO.     Vol.   XVI.  p.   1, 


Laminated   Iron    In   E]lectric  Motors — 

M.    .S.    Hancock.     W-1720.     Vol.    XVI.    p. 
338,   Aug.,   '19. 


Jati 


■19. 


Insulation 


Po-st-AVar     IndiiNtrial     Reconversion — 

J.    M.    Curtin.       (E)    W-1050.      Vol.    XVI, 
p.    2,  Jan.,   '19. 

A    Central    Station    Opportunity — Guy 
E.    Tripp.       (E)    W-1300.      Vol.    XVI,    p.    ^ 
45,  Feb.,  '19.  4^ 

Pool  ins   Our   Resources — A.    H.    Mcln-    -^ 
tire.       (E)    W-600.      Vol.     XVI,     p.     113, 
Apr.,   '19. 

Immediate  Economic  Aspects  of  the 
Electric  Supply  Industry — J.  D.  Morti- 
mer. (E)  W-670.  Vol.  XVI,  p.  163, 
May.  '19. 

"Water  Poners — F.  Darlington.  (E) 
W-1620.     Vol.   XVI,    p.    164,   May,   '19. 

The  Significance  and  the  Opportun- 
ities of  tile  Central  Station  Indu.stry — 
R.  F.  Schuchardt.  (E)  W-1860.  Vol., 
XVI.  p.    166,   May,  '19. 

The    Primaries   of  Today   the    Second- 
aries of  TomorroTj — W.  S.   Murray.     (E)  J 
\V-24S0.      Vol.    XVI,   p.    168,    May.   '19. 

Central  Station  Profit  Sharing — Wm. 
C.  L.  Eglin.  (E)  W-520.  Vol.  XVI,  p. 
170,    May,   '19. 

Tiie  Kngineer  and  the  Community — 
E.  H  Sniffln.  W-2520.  Vol.  XVI,  p. 
249,   June,   '19. 

M.-VTERIALS 

Methods    of    Testing    for    Hardness — 

Dean    Harvey.     T-1,    1-2,    W-1900.      Vol. 
XVI,  p.  264,  June,  '19. 


Klectrical  In 


sting  Materials — R.  P. 


Jackson.       W-7500.      Vol.     XVI,    p.     326, 
Aug.,    '19. 


for   Alternat- 

H.    D.    Steph- 
XVI,     p.     91, 

for 


Use   of  Mica    lusuiatiou 
ing-Current    Generators — 

ens.      1-7,    W-22C0.      Vol. 
Mar.,   '19. 

Safe      Operating      Temperatures 
Mica    liisiilatiou — H.    D.    Stephens.      T-1, 
I-L',  W-1750.     Vol.  XVI,  p.  131,  Apr..  '19. 

Tile  Tliermai  Conductivity  of  Insulat- 
ing iinil  Other  Materials — T.  S.  Taylor. 
T-6,  C-4,  1-2,  W-4300.  Vol.  XVI,  p.  526, 
Dec,  '19. 

Conduction  in  Liquid  Dielectrics — J. 
E.  Shrader.  C-8,  D-1,  I-l,  ■W-2500.  Vol. 
XVI,  p.   334.   Aug.   '19. 

Moulded  Insulation — W.  H.  Kempton. 
Selection  and  Application.  W-3280.  Vol. 
XVI,  p.  84,  Mar.,  '19. 

Designing  Moulded  Insulation — "W.  H. 
Kempton.  1-19  W-2970.  Vol.  XVI,  p. 
152,  Apr.,  '19. 

The  Insulation  of  Distribution  Trans- 
formers—A. C.  Farmer.  1-15,  W-3000. 
Vol.  XVI,  p.  223,  May,  '19. 

For   Generator  Terminals — QB,    1767. 

For   Magnetism — QB,    1797. 

INSULATORS 

The  Design  of  Transmission  Line  In- 
sulators— G.     I.      Gilchrest     and     T.     A. 


Klinefelter.  Theoretical  considerations. 
Practical  applications.  T-4,  1-27,  W- 
5000.      Vol.   XVI,   p.   8,   Jan..  '19. 

(E)    Chas.    R.    Riker.     W-190.  p.   7. 

MEASUREMENT 

The  Electrostatic  Glow  Meter — R.  J. 
Wenslev.  1-4,  W-400.  Vol.  XVI,  p,  228. 
May,   '19. 

Standardization  of  Electric  Indicating 
Instruments  for  Use  with  Radio  Appa- 
ratus—G.  Y.  Allen.  T-1,  C-1,  1-13,  'W* 
4000.     Vol.  XVI,  p.  494,  Nov.,  '19. 

3-Ph.  Current  with  2  Current  Trans- 
forniers— QB,    1698. 

Testing  Power-Factor  Meter- — QB, 
1745. 

Testing   Constant— QB,    1762. 

Transformer   Connection.s — QB,    1787. 

Measuring  3  Ph.  and  1  Ph. — QB,  1791. 

Lightning  Protection  for  Meters — QB, 
1825. 

Reversed  Power  Relay  Connections — 
QB,   1824. 

THEORY 

The  Flow  of  Power  In  Electrical  Ma- 
chines— J.  Slepian.  D-23.  W-7250.  Vol. 
XVI,  p.   303,  July,  '19. 

Resistance  in  Series  Multiple — QB, 
1744. 

Insulation    of   Magnetism— QB,    1797. 

Pounds — Feet — Torque — QB,    1814. 

Static  Discharge — QB,  1821. 


GENERATION 


(AND    ALL    PARTS    OF    ROTATING    MACHINES) 


POWER  PLANTS 


Sixty  Thousand  Ivw  Turbine-Genera- 
tor Installation — W.  S.  Finlay,  Jr.  At 
the  74th  Street  Station  of  the  Interbor- 
ough  Rapid  Transit  Company.  D-1.  I- 
23,  W-5260.     Vol.  XVI,  p.   172,  Mny,  '19. 

(E)    E.    H.    Sniffin.     W-170,    p.    171. 

Load  Dispatching  System  of  The 
Philadelphia  Electric  Company — George 
P.  Roux.  C-1.  1-7,  W-2650.  Vol.  XVI, 
p.    470,    Nov.,    '19. 

(E)    B.    C.    Stone.      W-650,    p.    469. 

SUBSTATIONS 

Automatic    Substation   Equipment — R. 

J.     Wensley.       D-2,    1-8,     W-2350.      Vol. 
XVI,   p.   218,  May,  '19. 

Value  of  Automatic  Railway  Substa- 
tions to  Central  Stations — C.  F.  Lloyd. 
(E)   W-500.     Vol.  XVI,  p.  Vn.  May,   '19. 

DYNAMOS   AND   MOTORS 

ARMATURES 

(e.Ncept    commutators) 

Armature  AVedges — F.  J.  Aimutis.  I- 
1,   W-1900.     Vol.  XVI,   p.   524,   Dec,  '19. 

Armature    Testing— ROD,    XVI,    76. 

Locating  ami  Repairing  Armature 
Winding   Troubles- ROD,   XVI,    230. 

Removing  and  Replacing  Railway 
Armature    Shafts— ROD.   XVI,    311, 

Does  It  Pay  to  Dip  and  Bake  .Vnua- 
turesf— ROD,    XVI,    p.    467. 

Breaking  of  Commutator  Loads — QB, 
1704. 

Testing   Transformers — QB,    1705 

Fibre  Wedges— QB,    1737, 

Reconnecting  for  Half  Voltage — QB. 
1738. 


Changing    Motor    to    Generator- — QB, 

1760. 

Shaft    Currents— QB,    179S. 

Coil    Shape — QB,    1803. 

Banding   Wire — QB,    ISOS. 

Reconnecting  500  Volt  for  135  Volt — 
QB.    1808. 

Windage— QB,    1815. 

BEARINGS 

Railway  Motor  Beariug.s — f.  S.  De.tn. 
1-18,   W-900.     Vol.  XVI,  p.  443,  Oct.,  '19. 

COMMUTATORS 

Blue    Commutator — QB,    1726. 
Undercutting  Mica      QB,   1754. 

FIELD  "WINDING 

Testing  Motor  Fields — ROD,  XVI,  110 
Lightuing  Arresters  to  Absorb  Induc- 
tive   Kick— QB,    1772. 

Direct   Current 

Performance  of  Motor-Generator  Sets 
for  the   Chicago,   Milwaukee  &    St.  Paul 

Ky. — F.  T.  Hague.  T-1.  C-5.  1-6.  W- 
3580.    Vol.  XVI,   p.   47,   Feb..   '19. 

Ratio  of  Shunt  to  Series  Ampere 
Turns — QB,    1724 

Parallel    Operation — QB.    1761. 

Reversal  of  Voltage— QB.  1722. 

Reversal   of  Polarity-^QB,    1748,    1758. 

Shifting  Brushes  with  Land — QB, 
1778. 

Parallel  Operation— QB,   1782. 

Exciters 

Reversal  of  Exciter  Voltage — QB, 
1712,     1727.     1746. 

Parallel  Operation  of  Compound  Ex- 
citers— QB,  1731. 


SERIES 

Preventing  the  Breakage  of  Armature 
Leads  on  Railway  Motors — A.  L.  Broom- 
all.  I-l,  W-2480.  Vol.  XVI.  p.  440. 
Oct.,     19. 

Overloads  in  Railway  Motors — F.  W. 
McCloskey.  W-2000.  Vol.  XVI,  p.  457. 
Oct.,   '19. 

Railway  Motor  Testing — ROD,  XVI. 
40. 

Testing  Assembled  Railway  Motors — 
ROD.    XVI,    158. 

Blasting  Battery — QB,  J  707. 

COMMUTATING    POLE 

Testing    Polarity — QB.    1740. 

Alternating  Current 

ALTERNATORS 

Use  of  Mica  Insulatiou  for  Alternat- 
ing-Current Generators — H.  D.  Steph- 
ens. 1-7,  W-2260.  Vol.  XVI.  p.  91, 
Mar..    '19. 

Temperature  Indicators  for  Alterna- 
tor.s — S.  L.  Henderson.  C-2,  D-5,  1-4. 
W-2300.     Vol.  XVI,  p.  193,  May.  '19. 

Grounded  Neutral  on  Alternating- 
Current  Generators — S.  L.  Henderson. 
D-10,  W-2400.  Vol.  XVI,  p.  340,  Aug., 
'19 

Changing  3  Ph.  to  1   Ph.— QB.   1691. 

Amount  of  Ventilation — QB.    1717. 

Magnetic  Center — QB.    1733. 

Efflclency  of  Water  AVheel  Generator 
— QB,    1743. 

Terminal  Insulation — QB,  1767. 

Wave  Form — QB.  1789. 

Reactance  Colls  to  Protect  Coupling — 
QB,    1822. 

Compensator  for  Revolvlngr  Arnuiturc 
Alternator— QB,   1828. 


THE  ELECTRIC  JOURNAL 


Pai'(ilU:l   Operation 

PliuHiiie  Out— QB,    1699. 

Kffept    of    Excitjifion — QB.    170G. 

Division    of    Load— QB,    1770. 
.SV.\CHROXOi;S   MOTORS 

Pnr:illel   Operation — QB.    1701. 

StartiuK   Trouble — QB,    1750. 

Pull   Out   Torque— QB,    1756. 

t'ondenNer  Operation — QB,   1793. 

StjirtinK— QB.    1794. 

.Self   .Starting— QB,    1S05. 
iiXDt'CTIO.V    MOTORS 

Tlie  DeNisn  of  Larj^e  Induetion  Mo- 
tors for  Steel  Mill  Work — H.  L.  Barn- 
hoUit.  C-1,  I-S,  W-2450.  Vol.  XVI,  p. 
251,   June,   '19. 

■  ntereliausrenbllitr  of  Squirrel-Case 
Rotors — B.  B.  Ramey.  T-1,  W-1200.  Vol. 
XVI,  p.  481,  Nov.,  '19. 

Partially    Closed    SIot.>i — QB.    1804. 
Wi7ldi7ig» 

Rever.siiiK  Single  Plia.se  Rotation — 
EN,    XVI,     82. 

Secondary  Data — QB,   1686 

Secondarj-   Changes — QB,   1690. 


Round   vs.   Square  AVires — QB,    1693. 

Coil   Pitch — QB.    1695. 

\unilier    of    Rotor    Bars — QB,    1715. 

:;(>  h|>.  Itotor  in  a  30  hp.  Stator — QB. 
1716. 

Short-Cireuited  ^Vound  Rotor — QB, 
171S. 

nclta    Vs.    Star  Connection — QB.    1720. 

Kepulsi.Mi    Winding — QB.    1725 

■  <eCoiin.'<')inu     H..<or — QB.     1729. 

tirouiKleil     s„„irrel-Cage — QB.    1757. 

Rotor   C.imiiitions— QB,    1768. 

Ch.-inKinK  10  Pole  to  6  Pole — QB.  1771. 

CliauKinK  '-'   Ph.  to  3  Ph.— QB.    1774. 

I'liJl-e    SpSi'ter — Q  B.    1780. 

InKUlation  o£  Squirrel-Cage — QB,  1S16. 

Single-Pha.se   Windings — QB,    1826. 

Performance 

3    Ph.    Motors    on    1    Ph.    Circuits — QB, 

1696. 

Magnetic  Noise — QB,    1710. 

:iO  vs.  (JO  Cycles— QB,   1719. 

Regenerative    Braking — QB.    1721. 

\o-I.oad    Operation — QB,    1730. 

With  Open  Secondary — QB,  1766, 
1830. 


Horse-poner    Rating — QB.    1779. 
Single-Phase      Rotor     Current  —   QB, 

1788. 

No-Load  Current — QB,   1S13. 

Testi7ig 

Reversal    by   Jamming — QB.    1833. 

Low       Torque      Starting      Points — QB, 
1835 

Parallel   Operation— QB.    1839. 

Perforninnce    Calculations — QB.    1763. 

Apparatus  for  Testing — QB.    1820. 

Determining  Faults — QB.   1837. 

SERIES    MOTORS 

Winding      of      1Jniver.sal      Motor — QB, 


FA\   MOTORS 

The  Development  of  Fan  Motor  Wind- 
ings—E.  W.  Denman.  C-1,  D-8,  I-l, 
W-2850.      Vol.    XVI.    p.    257.    June.   '19. 

D.    C.    on    A.    C— QB,    1700. 

BATTERIES 

Recharging  Dry  Cells— QB.  1832. 


ROTARY  CONVERTERS 

0  Th^ee-^Vire  Distribution  from  Rotarv 
Converters — L.  norfman.  Methods  of 
blinking  out  neutral.  D-3.  W-1100. 
Vol.  XVI.   p.   500.  Nov.,  '19 

Fluctuating   Load — QB.    1736. 

Reversing  Direction  of  6  Ph.  Conver- 
ter—Q  I!,    1742. 

Perforninnce  Partly  Loaded— QB,  1764. 

Division  of  Current  in  Boo.ster— QB, 
1776. 

Direction   of  Rotation — QB,    1795. 

Windage— QB,   1800. 

Power-Factor     Correction — QB,      1811. 

Starting  Conditions — QB,    1812. 

STORAGE  BATTERIES 

Characteristics  nf  Starting  and  Light- 
ing  Batteries   of   the    Lead    Acid   Type — 

O.  W.  A.  Getting.  With  reference  to 
low  temperature.  T-2,  C-14.  I-l,  W- 
3360.     Vol.  XVI,  p.   134,  Apr..  '19. 

(E)   A.   M.   Dudley.     W-610.   p.    112. 

EiTcct  of  Fluctuating  Current — QB. 
1801. 

Effect  of  Freezing — QB,   183S. 

TRANSFORMERS 

The  Essentials  of  Transformer  Prac- 
tice— E.    G.   Reed. 

XVIII — Phase  Transformation.  D-9. 
\V-1300.      Vol.   XVI,    p.   31,    Jan..   TJ. 

XIX — Operating  Conditions.  I-l,  W- 
3030.      Vol.   XVI,   p.   66,   Feb..   '19. 

XX — Three-Phase  to  Two-Phase 
Transformation  with  Single-Phase 
Transformers  .Soott  Connected.  D-7. 
W-2000.     Vol.  XVT,  p.  99,  Mar.,  '19. 

XXI — Voltage  Transformations  with 
Autotransformers.  T-1,  C-1,  D-6,  W- 
1870.     Vol.  XVI,  p.   145,  Apr.,  '19, 

XXII — Phase  Transtorrnalion  with 
Autotransformers.  C-1.  D-4.  "W-1500. 
Vol.  XVI.  p.  216,  May,  '19, 


TRANSFORMATION 

XXIII — Parallel  Operation.  C-1.  n-2, 
W-1500.     Vol.  XVI,   p.   267.  June,  '19. 

XXIV— Polarity.  D-8,  W-1410.  Vol. 
XVI,   p.   301,  July,  '19. 

The  Insulation  of  Distribution  Trans- 
formers— A.  C.  Farmer.  1-15.  W-3000. 
Vol.   XVI,   p.    223,   May,  '19. 

Transformers  and  Connections  t(» 
Electric  Furnaces — J.  F.  Peters.  C-2, 
D-1,  1-4,  W-1250.  Vol.  XVI.  p.  397. 
Sept..   '19. 

For  Testing  Armature  Short-Circuits 
— QB.   1705. 

High  Voltage  Transforuiers  for 
Crookes    Tubes — QB,    1732. 

Windings 

Tertiary  Windings  in  Transformers — 

J.  F.  Peters.  Their  effect  on  short-cir- 
cuit currents.  T-1.  C-3.  D-5,  W-2800. 
Vol.    XVI.   p.    477,    Nov.,    '19. 

Cli:niging    Frequency      QB,    16S8. 

Connections 

Grounding  Delta— QB,    1692. 

Connections  for  Various  Voltages — 
QB.     1689. 

Reversing  Direction  of  <!  Ph.  Con- 
verter- QB,    1742. 

Star  and  Delta  Voltages — QB.  1747. 

I  nsynimetrical     Delta — QB,     1773. 

Half  Voltage  Taps  on  Delta — QB, 
1S29. 

Rooster — QB,    1783. 

Interconnected    Star — QB,    1817. 

Open    Delta — QB,    1827. 

3   PH.   TO   a  PH. 

The    Development    of    the   T«o-Pbase, 
Three-Pliase    Trjinsforniat ion- 
Scott.      D-6,    W-2400.     Vol.    XVI, 


Cha 


Jan 


'19. 


Scott  Connected — E.  G.  Reed.  D-7.  W- 
2000.     Vol.  XVI.  p.  96.  Mar.,  '19. 

Threc-Pbase  to  Two-Phase  Transfor- 
mation—J.  B.  Gibbs.  T-2,  D-17,  W- 
2220.     Vol.  XVI,  p.  103,  Mar.,  '19. 

(E)    Chas.    R.    Riker.      W-570.   p.    83. 

Phase  Transformation  witli  .'Vuto- 
transfornier.s — E.  G.  Reed.  C-1.  D-4 
W-1500.     Vol.   XVI,    p.    216.    May,   '19. 

Phase     Transformation — QB,     1741. 

Performance 
Changing    Frequency — QB.    1688. 
Phase  Relations— QB.  1753. 
Switching  Loaded  Transformer.s — QB, 


Series 

lit    Current     Systems— QB, 
with      2 


Phase  Transformation — E.  G.  Reed. 
D-9.  W-1300.     Vol.   XVI.  p.   31,   Jan..  '19 

Three-Phase  to  Two-Phase  Transfor- 
mation with  Single-Phase  Transformers 


For    Constii 

1796. 

Mensuring      3      Ph.      Ci 
Transformers — QB,    1698. 

Connections  for  Tirrill  Regulator — 
QB.    1818. 

Reversed  Power  Relay  Connections-- 
QB,    1824, 

Autotransformers 

Voltage  Transformations  with  Auto- 
transformer.s — E.  G.  Reed.  T-1.  C-1.  D- 
6.    W-1S70.      Vol.    XVI.    p.    145.   Apr..   '19. 

Scott  Connection — QB.   1702. 

Reactance  Coils 

To  Protect  Turbo-generator  Coupling 

— QB,   1822. 

Oil 

Some    Characteristics    of   Transformer 

(Mis— O    H.   Esohholz.      T-1.  C-1.   I-l.  W- 
1800.      Vol.    XVI,    p,    74,    Feb.,    '19. 

CONDENSERS 


TRANSMISSION 

CONDUCTORS    and    CONTROL 


GENERAL 

(See  also  Theory,  p.  4.) 

F.lectrlcnl  CharacterislicH  of  Trans- 
mission Circuits — Wm.    Ncsbit. 

I — Resistance — Inductance.  T-5.  C-1, 
1-5.  W-5000.     Vol.  XVI,  p.  279.  July.  '19. 

(E)    Chas.    P.   Scott.      W-1000.   p.' 275. 

II— Reactance.  T-9,  C-2.  D-2,  W-3300. 
Vol.  XVI,   p.  314.  Aug..  '19. 

Ill — Quick  Rstimating  Tables.  T-10. 
C-1,  W-1700.  Vol.  XVI,  p.  385,  Sept., 
'19, 

IV — Corona  Effect.  T-3,  W-2900.  Vol. 
XVI.   p.    485,   Nov..   '19. 

V — Electric  Propagation — Paralleling 
Heating  of  Conductors.  T-1.  C-1.  I-l, 
W-3000.      Vol.  XVI.   p.    515.   Dec.   '19. 

Tenting  (or  Short-Clrcnit  Currents  in 
Networks  —  W.  R.  Woodward.  With 
Miniature  Networks.  D-1.  1-2,  W-1280 
Vol.  XVI,  p.   344.  Aug.,  '19. 

(E)    A,   W.  Copley.     W-800,   p.   314. 


Analytical  Solutions  of  Sbort-Circuit 
Currents  In  Networks  —  Robert  1  >. 
Evans.  D-21.  W-3100.  Vol.  XVI.  p. 
345.    Aug.,   '19. 

Development  of  .\nalytieal  Solutions 
III  Xelworks  -  Chas.  Fortescue.  W- 
2800.     Vol.   XVI,   p,   350.   Aug..  '19. 

Substation  Short-Circults  —  R.  F. 
Onorling.  T-6.  11-6,  W-3030.  Vol.  XVI. 
1).    61.   Feb..  '19. 

Short-circuit    Calculations — QB.    1786. 

Capacitance  Measurcincnts — QB,   1823. 

SYSTEMS 
.Mternafing  Current 

Tbree-I'hnse    Four-Wire    Dislriltiil  ion 

— C,e.,.    K     Wagner.      D-7.    W-3350.     Vol. 
XVT.  p.   99.   Mar..  '19. 

Monocyclic— QB.  1697. 

Voltage    Between   Phases — QB,    1714 

LINES 
Grounding  Delta — QB,  1G92. 


Overhead 

'i'rni!sposilion    of    Conductors    —    QB, 
1723. 

KesistniK-c    of    Ground    Connections — 

ION.    XVI,   157. 

Conductor    Insulation- QB,    1781. 
.\rclng    <;roniid~QB.    1S31. 
Grounding  Coal  Rig— QB.  1792. 

I'nderground 


Resistance  and  Reactance  of  Coni- 
nu'rclal  Steel  Conductors— H.  B.  Dwlght. 
T-1.  C-15.  W-9S0.  Vol.  XVI,  p.  25. 
.Ian..    -19. 

Reactance  Values  for  Rectangular 
C.mductors— H.  B.  Dwight.  C-1.  I-l, 
W-1200.     Vol.  XVI,   p.  255,  June,  '19. 


THE  ELECTRIC  JOURNAL 


Heavy   AHernatlne — Cnrreiit  Condiip- 

tors— EN,   XVI.    S4  3. 

CnrryiiiK  Capacity  of  Iron  Pipes — QB, 
1711. 

Capacity   of   Copper  Wires — QB,    171S. 

FiisiuB'  Current — QB,    1759. 

SWITCHBOARDS 
Interrupting  Devices 

SWITCHES 

European     High-Voltage     Sn'itchivenr 

— W.  A.  Coates.  1-13,  W-3730.  Vol. 
XVI,   p.   243,   June,   '19. 

(E)    Chas.    R.   Rikei-.      W-550,   p.    2:!4. 

Large  Capacity  Circuit  Breakers — H 
G.  MacDonald.  1-2.  W-1320.  Vol.  XVI. 
p.    261.   June,   '19. 

Short-Cireuit    Caleuiatious— QB,    17S6. 

FUSES 

Current    to    Fuse    Heavy   Copper  Wire 

— QB.    1759. 

Maintenance  of  Fuse  lloxes  for  Rall- 
«ay    Sen-ice — ROD.    XVI.    p.    3!)9. 

Expulsion    Fuses — QB.    1790. 


ELECTROCHEMISTRY 

Developing  Our  Electrocliemieal  Re- 
.^ourees — C.  G'.  Schluederberg-.  (E)  W- 
2300.      Vol.   XVI.   p.    3,   Jan..    '19. 

Eleetrie  Furnaces  for  Steel  Foundries 
— W.  E.  Moore.  With  Historical  Intro- 
duction. T-3.  1-3,  W-4750.  Vol.  XVI,  p. 
360.   Sept..   '19. 

The  Manufacture  of  Perro-AUoys  in 
Eleetrie  Furn.vccs — C.  B.  Gibson.  T-1. 
1-3.  W-5500.     Vol.  XVI.  p.  366,  Sept.,  '19. 

Electric  Brrtf.s  Mcltinpr — Its  Progress 
and  Present  Importance — H.  M.  St. 
John.  W-8000.  Vol.  XVI.  p.  373.  Sept.. 
'19. 

Transformers  and  Conuectious  to 
Electric  Furnaces — J.  P.  Peters.  C-2, 
n-1.  1-4.  \V-125().  Vol.  XVI.  p.  397.  Sept., 
'19. 

Manufacture  of  Oxygen — QB.   172S. 

Electrolysis — QB.    1765 

Electric  Fnruace  for  Glass  Mfg. — QB. 
1802. 

LIGHTING 

Lighting  without  Hanging  Ceiling 
Fixtures — J.  L.  Stair.  Indirect,  cove, 
column  and  wall  boxes  and  pedestal 
lighting.  1-14.  W-2860.  Vol.  XVI.  p. 
1S3.  May.  '19. 

Improved  Industrial  Liglitiug — Wm. 
T  Reace.  I-l.  W-1000.  Vol.  XVI,  p. 
197.    May.    '19. 

Increasing  the  Load  v\'tth  Portable 
Lamps — Arthur  E.  Frankenberg.  W- 
1100.      Vol.    XVI.    p.    215.    May.    '19. 

Chemistry  and  Chemical  Control  in 
the  Lamp  Industry — Albert  Brann  and 
A.  M.  Hageman.  I-l.  Vi^-SlOO.  Vol  XVI. 
p.    19S.    Mav.    '19. 

Mazda  C  Lamps  for  Motion  Picture 
Pro.jeetion — A.  R.  Dennington.  D-1.  I- 
5.  W-2420.     Vol.  XVI.  p.  201.  May.  '19. 


Protective 

Impulse-Gap    liightning  Arresters — Q. 

A.  Brackett.  C-1,  D-1,  1-2,  W-1690.  Vol. 
XVI,    p.    52.    Feb.,   '19. 

Lightning  Arresters  to  Absorb  Induc- 
tive   Kick — QB.    1772. 

Choki'    Coils— QB.    1.S09. 

Lightning  Protection  for  Meters — QB, 
1S25. 

Testing  Electrolyte  for  Impurities — 
QB,    1S36. 

REGULATION   AND   CONTROL 
Regulators 

Transformer   Connections— QB.    1703. 
Connection   of   Tirrill    Regulator — QB. 

ISIS. 


Controllers 


INDUSTRIAL 


UTILIZATION 

POWER 
Motors  and  Tlieir  Application 

Protection    from   Dirt— QB.    16S7. 

SPECIFIC  APPLICATIONS 

(Arranged    Alphabetically) 

Automatic  Push  Bntton  ELEVATORS 
--H  U  Keith.  1-5,  W-1500.  Vol.  XVI.  p. 
512.    Dec.    '19. 

ELEVATOR    Load — QB.    1736. 

Induction  Motor  Drive  for  Skip 
IKdSTS  F.  R.  Burt.  C-2.  D-1,  I-l.  W- 
12.MI.      Vol.    XVI,    p.    SSI,    Sept.,    '19. 

IKdST   Motor — QB.   170S. 

Electricity  in  the  HOTEL  Pennsyl- 
vania—W.  H.  Easton.  T-1.  1-18.  W- 
3220.      Vol.   XVI.    p.    288,    July.    •19. 

Electrically-Driven  PLATE  MILLS— 
G  E.  Stoltz.  T-2.  C-7,  1-3,  W-3300.  Vol. 
XVI.    p.    69.    Feb.,    '19. 

Electrleally-Drlven  PLATE  MILLS  of 
the  Brier  Hill  Steel  Company — G.  W. 
Hanev.  D-1.  1-13.  W-2500.  Vol.  XVI. 
p.    188.   Mav.   '19. 

Centrifugal    PUMPS— QB.    1S19. 

The  Electrically-Operated  Gyratory 
RIDDLE— C.  A.  M.  Weber.  1-2.  W-750. 
Vol.  XVI,  p.   263.  June.   '19. 

Post-AVar  STEEL  Conditions  —  Brent 
Wilev.       (E)    W-1110.      Vol.    XVI,    p.     6, 


Jar 


'19. 


Motor-Driven  STEEL  MILLS — Brent 
Wilev.  (E)  W-900.  Vol.  XVI.  p.  357. 
Sept..    '19. 

Electrical  Development  in  the  Iron 
:ind  STEEIj  Industry — J.  F.  Kellv.  (El 
W-400.     Vol.  XVI,  p.   35S.   Sept..   '19. 

Electrical  Equipment  Used  on  SUB- 
M.\RINES— H.  C.  Coleman.  T.l.  1-9,  W- 
3120.    Vol.  XVI.  p.  295.  July.  '19. 


C-2.  D-2.  1-8,  W-2600.  Vol.  XVI,  p.  489. 
Nov..   ■19. 

Manual  Starters  for  Small  Squirrel- 
Cage  Induction  Motors — C.  IC.  Apple- 
garth  and  H.  D.  James.  C-3.  1-9,  W- 
1850.      Vol.    XVI,    p.    532,    Dec,    '19. 

(E)  J.  M.  C'urtin.     W-350,  p.  507. 

Starting    Compensator — QB,    1799. 

RAILWAY 

Automatic  HL  Control  for  Boston  Sur- 
face Cars— A.  D.  Webster.  T-1.  D-1,  1-9, 
W-3600.     Vol.  XVI,  p.  459.  Oct.,  '19. 

Testing  Railway  Control  Eciuipment — 
W  H.  Ponsonby.  D-2.  1-6.  W-2100. 
Vol.   XVI.    p.    87,   Mar.,   '19. 

Maintenance  of  Magnet  Valves — ROD, 
XVI,    p.   353. 

Lubrication  of  Control  Apparatus — 
ROD.    XVI.    p.    468. 

Rheostats 

Mounting     and     Maintenance     of     Cur 

Resistors- ROD,   XVI,    269. 


Vehicles 

Battery  Capacity— QB.  1739. 

Gas   Engines 
( Elrctrical  Applications  to ) 

Regulation  of  Automotive  Generators 

— W    A    Dick.      C-4,   D-7.  W-2660.     Vol. 
XVI.  p.   148,  Apr.,  '19. 

Heating   Apparatus 

KlcctricHv    in    Celluloid     Manufacture 

— E    W    Manter.     1-6.  W-890.     Vol.  XVI. 
p.    94.    Mar..    '19.  „  ^^ 

Electrically-Heated       Metal       Pattern 
Plates  on  Molding  Machijies — EH,  XVI, 
229. 
WELDING 

Apparatus  for  Arc  AVelding — QB. 
1735. 

Ma.^nets 

Efteet  of  Voltage  and  Preauency 
Changes  on  Number  of  Turns — QB,  1834 

INTELLIGENCE  TRANSMISSION 

TELEGRAPHY 

A  High-Frequency  Generator  for  Air- 
plane  Wireless   Telegraph    Sets — A.   Ny- 

man      C-5.   D-4.  1-7.  W-3000.     Vol.  XVI. 

p.    lio.   Apr.,    '19. 

TELEPHONY 

Dynamotors  and  Wind-Driven  Gen- 
erators for  Ra'»»tP'«^P"«I'',rT„^  ,r.^- 
Thompson.  C-4.  D-2.  1-6.  W-4200.  Vol. 
XVI.   p.   211,  May.  '19. 

Development  of  Airi>lane  Radiotele- 
phone Set— H.  M.  StoUer.  C-3.  D-2,  1-5. 
W-2350.     Vol.  XVI    p.   211,  May,    19 

Telephone   Interference — Qti,    L(i6. 


RAILWAY  ENGINEERING 

(SEE  ALSO  CONTROLLERS.  P.  5:  AND  SERIES    MOTORS   P.   3.) 


GENERAL 


Expnn.siou   of   Railroad   Electrilieation 

— F.  H.  Shepard.  (E)  W-670.  Vol  XVI, 
p.    2,   Jan.,   '19. 

The  Street  Railway  Situation — John 
H.  Pardee.  (E)  W-2000.  Vol.  XVI,  p. 
405.  Oct..  '19. 

The  Stability  of  the  Electric  Street 
Railway  Industry — W.  S.  Rugg.  (E>  W- 
1400.      Vol     XVI,   p.    406,    Oct.,   '19. 

Public  Understanding,  Consideration 
and  .\ppreciation  Necessary  for  a  Solu- 
tion of  the  Electric  Railway  Problem — 
Lucius  S.  Storrs.  (E)  W-800.  Vol.  XVI, 
p.    408.    Oct..    '19. 

City  Traction  Problems  —  A.  W 
'Ilif.mp.snn.      (E)     W-1200.      Vol.    XVI. 


•19. 


Inherent  Defects  and  Future  Sphere 
of  Usefulness  of  Electric  Traction — Ed- 
win Gruhl,  (E)  W-900.  Vol.  XVI,  P, 
410,  Oct..  '19. 

The  Future  Outlook  for  I/nrge  Urlian 
Electric  Railway.s — F.  G.  Buftc.  (E)  W- 
1000.   Vol     XVI.    p.   411.   Oct..   '19. 

Hold  Fast  to  the  Fundamentals — F 
W.  Hild.  (B)  W-1120.  Vol.  XVI,  p.  412, 
Oct.,   '19. 


litilitv  Credit  and   General   Pro.sperity 

—Theodore  P.  Shonts.  (El  W-S50.  Vol 
XVI.  p.  413,  Oct.,  '19. 

Pnblic  Utilities — A  Diagnosis — Thos 
S.  Wheelwright.  (E)  W-850.  Vol.  XVI. 
p.    414,   Oct..  '19. 

Moderation  I»Iust  Govern  Fnture  Mu- 
nicipal Action — A.  M.  Lynn.  (E)  W- 
1100.    Vol.   XVI.   p.   415.   Oct.,   '19. 

Service  at  Cost — Calvert  Townley. 
IE)   W-1050.     Vol.  XVI.  p.  416,  Oct.,  '19. 

The  Graduated  Fare  System — N.  W. 
Storer  (E)  W-1360.  Vol.  XVI.  p.  417. 
Oct..  '19. 

Mutuality  of  Interests  in  Practice — 
Benjamin  E.  Tilton.  (E)  W-900.  Vol. 
XVI,   p.   418.   Oct..  '19. 

Momentum  of  Custom — Edwin  D. 
Drevi:us.  (E)  W-1220.  Vol.  XVI,  p.  419, 
Oct.",   '19. 

Co-operation  between  Operators,  Car 
Builders  and  Equipment  Mnnufncturers 
—J.  S.  Tritle.  (E)  W-770.  Vol.  XVI.  p. 
421.   Oct..   '19. 

Electric  Railway  Passenger  and 
Freight  Trnnsnortntion — C.  E.  Morgan. 
1-4.   W-3320.      Vol.   XVI.   p.    423,   Oct..   '19 

Municipal  Railway  Operation  at 
Seattle — Thomas  F.  Murphlne.     W-2100. 


Vol     XVI,   p.    428.   Oct.,  '19. 

Things  to  Consider  in  Handling  the 
Public — W.  H.  Bovce.  W-2260.  Vol. 
XVI.   p.   433.  Oct.,   '19. 

MOTIVE  POWER 

Electric    R:.ilway    Freight    Haulage— 

A     B.    Cole.      1-6.    W-32.MI.      Vol.    XVI.    p. 
453,    Oct..    '19.  .....  XT    1 

T»ecrease<l  Opersiling  I  "Sts  witti  Hel- 
ical Gen  .-s-G.  IVI  Eaton.  1-2.  W-3a00.  Vol. 
XVI.  P    430.  Oct.,  '19. 

Locomotives 

Comparison  of  Lon-Spced  and  lligh- 
Speed    Internrban    Freight    Locouiotivcs 

— D.   C.    Hershberger.     0-3,   1-2,    W-3150. 
Vol.  XVI,   p.    436,  Oct..  '19. 

Cars 

The  Safety  Car — N.  H.  Callard.  Jr. 
C-3.   1-3.  W-5000.     Vol.  XVI,  p.   447,  Oct.. 

■13-  .r. 

Service  with  the  Safety  Type  Car — B. 

A.   Palmer.    T-1,  I-l,  W-1700.    Vol.  XVI. 
p.   426,   Oct.,   "19. 


THE  ELECTRIC  JOURNAL 


The  Future  of  the  Birnoy  Safety  Car 

-  -l.uke    C.     Bradlev.     (E)     W-400.     Vol. 
XVI.   p.    419,   Oct.,   '19. 

Maintenance  and  Repair 

InHpec'lion  nnd  t)verhaiiMne  ni  City 
and  Iiiteriirban  Cars — W.  W.  Cook.  \V- 
470n.  Vol.  XVI,  p.   519,  Dec,   '19. 

(E)   M.  B.  Lambert.    W-1150.  p.  507. 

Dad,  tlie  luspeetor,  on  Co-operation — 
L.  J  Davis.  ■W-inSO.  Vol.  XVI,  p.  39. 
Jan.,  '19. 


Hiillnay  Motor  Testing— ROD,  XVI, 
4  0. 

.Armature   Te.stins— KOD,   XVI.    76. 
'IVN-iiiK  .■»lotor  Fields— nOD.  XVI.   110. 
'I'l'.stinc  .\.s.senibled  Kailway  Molor.s — 

i:(in.  XVI,  158. 

I/iteatiiia  anil  Rep:iiriuc  Armature 
WiiMlinu    'I'rouliles — KOD.    XVI,    230. 

■\\ itliiK     and      Miiintenanee     of     Car 

Ite.si.stors       l:(  II  >.    X\'l,    ■_'i;9. 

Iteiii<>\iiiu  iiikI  lli'plneinK  Railway 
.Motor  .Vniiallire  Shafts  — ROD,  XVI.  311. 

Maiuteunnec  of  .Masnet  Valves — ROD, 
XVI,    p.    353. 


Maintenauee  of  Fuse  Boxes  for  Rail- 
way Sen-Ice— ROD,  XVI,  p.  399. 

Does  it  Pay  to  Dip  and  Bake  Arma- 
tures?—ROD,  XVI,    p.    4C7. 

Lubrieatiou  of  Control  Apparatus — 
ROD,    XVI,    p.    468. 

Shop  Orgaulxation — ROD,  XVI,  p.  506. 

Sy.wtematic  Inspection  of  Car  Kquip- 
ments — ROD,    XVI.    p.    537. 

MINING 

Turaiue    WheeLs- QB,    1709. 


MISCELLANEOUS 


GENERAL 


The  Polar.  Multi-IS.vposure,  High- 
speed Camera — J.  W.  Legg.  1-5,  W-1750, 
Vol.   XVI.    p.   509,    Dec..   '19. 

(E)   R.  P.  .lackson.     W-300,  p    507. 

Proposed  Changes  in  the  American 
Patent  System — Weslev  G.  Carr.  W- 
1270.     Vol.  XVI.   p.    299.   July.   '19. 

Preparation  of  Technical  Papers — B. 
G.  Lamme.  W-2000.  Vol.  XVI.  p.  383, 
Sept.,  '19. 

THE  ENGINEER 

Education 

The    student    Army    TraiainK    <<>rps — 

C.  R    Doolev.     (F:)    W-6Sn.     Vol.   XVI,   p. 
46,    Feb.,    '19. 

Personal 

Benjamin  G.  Lamnie — E.  M.  Herr.  (E) 
W-700.     Vol.  XVI.  p,  233,  June,  '19. 


The  Rdison  Medal — Calvert  Townley. 
(B)   W-550.     Vol.  XVI.  p.   233,  June,  '19. 

The  Achievements  of  Hen.iamin  G. 
I.amnie — B.  JK.  Behrend.  Address  ot 
presentation  of  the  Edison  Medal.  I-l. 
W-3400,  p.  235.  Response  to  address  of 
presentation — Benjamin  G.  Lamme.  I-l, 
W-5250.    Vol.  XVI,  p.  238,  June,  '19. 

Thirty  Years  of  Service  to  the  Elec- 
trical Industry — A.  H.  Mclntire.  (B)  A 
Triliute  to  B.  G  Lamme.  W-800.  Vol. 
XVI,    p.    359.    Sept..    '19. 

Calvert  Townley,  President  American 
Institute  of  Electrical  Engineer-s — 
Lewis  Bucklev  Stillwell.  I-l,  W-2700. 
Vol.  XVI.  p.   276.  July,  '19. 

WORKS   MANAGEMENT 

iVew  South  Philadelphia  Plaat  of  The 
Westinghonse  F.lectric  A  Mfg.  Company 

—  H     T.    Herr,    1-22.    W-41:;o.      Vol.    XVI, 
p.    114,   Apr.,   '19. 

IK)    Calvert  Townlev.    W-1660,   p.   111. 


Manufacturing  Scheme  of  the  South 
Philadelphia  Works — Oscar  Otto.  I-ll. 
W-2250.     Vol.   XVI.   p.    122.   Apr.   '19. 

Power  System  of  the  South  Philadel- 
phia Works— Graliam  Briglit.  1-13.  W- 
3200.    Vol.  XVI.  p.  126.  Apr..  '19. 

ENGINEERING  SOCIETIES 

The  >a<ional  Electric  Light  Associa- 
tion for  1!I19— W.  F.  Wells.  (B)  W-670. 
Vol.  XVI,  p.  163,  May,  '19. 

The  Association  of  Iron  &  Steel  Elec 
trical  Engineers— D.  M.  Petty.  (E)  W- 
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Post-War 

Engineering 

Problems 


During  the  world  war  which  has  just 
been  brought  to  a  close  by  the  defeat 
of  Germany  and  her  allies,  doubt  has 
often  been  expressed  as  to  the  bene- 
fits of  the  scientific  achievement  and  efficiency  brought 
about  through  the  scientific  and  industrial  research  of 
the  Germans  during  the  last  forty  years.  It  is  incon- 
ceivable, however,  that  such  sinister  use  of  science  and 
invention  could  be  deliberately  planned  and  executed  in 
a  democracy  such  as  ours.  The  fault  has  not  been  with 
the  scientific  advances  but  with  the  use  to  which  tliey 
have  been  put.  It  is  so  plainly  evident  to  those  who 
have  kept  in  touch  with  research,  both  before  and  dur- 
ing the  war,  that  there  must  be  a  greatly  increased  ac- 
tivity in  this  line  after  the  war,  that  such  a  statement 
to  them  sounds  axiomatic.  It  may  be  well,  however, 
to  repeat  and  reiterate  tliis  statement  until  the  truth 
becomes  known  to  all  our  people  and  until  we  have  at 
least  a  sufficient  appreciation  of  what  research  can  do 
for  us  that  no  one  advocating  the  question  will  be  called 
upon  to  explain  why  he  is  doing  so. 

We  have  learned  many  lessons  through  the  work 
that  has  had  to  be  done  during  the  war  and  these  *hould 
serve  us  well  in  the  reconstruction  period  which  is  now 
before  us.  Among  these  lessons  may  be  cited  the  fol- 
lowing : — 

We  have  obtained  a  better  appreciation  of  what  can 
be  accomplished  by  co-operation  and  sustained  effort 
for  the  solution  of  any  specific  problem,  for  example, 
the  protection  from  submarines,  or  communication  be- 
tween aeroplanes,  or  the  production  of  noxious  gases 
for  war  purposes. 

We  have  learned  that  certain  industries  almost  en- 
tirely controlled  by  our  enemies  prior  to  the  war  can, 
through  research,  be  established  and  maintained  to  ad- 
vantage in  our  own  country,  making  us  independent  of 
others  in  time  of  need. 

We  have  learned  that  in  many  cases  the  handicap 
of  high  labor  cost  can  be  overcome  by  careful  and  sys- 
tematic research.  Many  individuals  have  learned  the 
joy  of  achievement  in  the  creation  and  production  of 
materials  and  devices  required  by  the  nation  for  its  war 
program. 

We  are  now  faced  with  the  necessity  of  so  order- 
ing our  business  in  all  walks  of  life  as  to  be  able  to  com- 
pete with  other  countries  and  the  outcome  of  the  peace 
negotiations  may  make  it  more  necessary  than  ever 
that  this  competition  be  based  on  the  quality  and  effi- 
ciency of  our  products  rather  than  on  some  sort  of 
government  protection.  It  has  become  evident,  to  all 
who  have  studied  the  question,  that  the  country  which 


can  produce  within  itself  the  greatest  possible  propor- 
tion of  its  requirements  of  raw  materials  and  supplies 
is  in  the  best  position  to  meet  competition  in  peace  times 
and  such  production  becomes  vital  in  case  of  war. 

Much  as  we  desire  universal  and  lasting  peace,  we 
are  not  yet  in  a  position  where  this  is  guaranteed  and 
we  must  keep,  at  least  in  the  background  of  our  minds, 
the  possibility  of  future  wars;  and  while  we  have  no 
other  object  in  view  at  this  time  than  to  promote  the 
arts  of  peace,  this  object  should  be  so  achieved  that  we 
may  take  our  proper  place  among  the  nations  of  the 
world.  We  can  best  assure  ourselves  of  this  place  by 
a  national  program  of  research,  or  a  program  which 
will  result  in  the  training  of  large  numbers  of  men 
fitted  to  do  research  work,  and  by  so  doing  we  will  not 
only  be  preparing  for  our  place  in  times  of  peace,  but 
for  any  eventuality  in  case  of  the  almost  unthinkable 
catastrophe  of  our  being  involved  in  another  world  war. 

C.  E.  Skinner 


How  will  the  public  utility  business 
What  the        fare  during  the  period  of  post-war  re- 
Utilities  construction?     One's  first  thought  is 
Have  Gained      that  the  term  "reconstruction"  applies 
more    directly    to    the    political    and 
social  changes  that  are  imminently  before  us  than  to  in- 
dustry itself,  for  the  latter  is  quite  apt  to  be  governed 
by  natural  laws  which  even  a  world  war  cannot  affect 
very  materially. 

The  central  station  industry  has  assuredly  had  its 
war  burdens  and  will  have  them  for  some  time  to  come. 
But  no  observer  can  escape  the  conclusion  that  the  cen- 
tral station  has  gained  more  public  recognition  of  its 
economic  soundness  and  of  its  service  potentiality  than 
would  perhaps  have  been  possible  during  a  decade  of 
normal  conditions.  For  we  have  seen  the  realization  by 
the  Government,  by  the  financial  world,  by  industry 
generally  and  by  the  public  in  particular,  that  in  a  crisis 
calling  for  the  maximum  employment  of  tlie  Nation's 
resources,  where  the  call  was  so  imperative  that  each 
individual  in  more  than  a  hundred  million  of  population 
was  required  to  give  a  personal  account  of  himself,  the 
central  station  was  put  way  up  at  the  head  of  the  list 
with  the  army,  with  the  navy,  with  the  munitions,  as 
an  indispensable  agency  of  national  service. 

And  people  will  not  forget  this.  In  a  myriad  of 
ways  it  will  prove  to  have  been  a  public  education  in 
the  importance  to  our  communities  and  to  the  Nation  of 
these  great  central  sources  of  power  supply.  It  seems, 
therefore,  that  we  are  bound  to  conclude  that  our  public 
utilities  have  gained  a  good  deal  out  of  the  circumstance 
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of  the  war,  even  if  tlie  economic  conditions  incident 
thereto  have  temporarily  imposed  heavy  burdens  upon 
them.  One  can  think  of  few  lines  of  business  enter- 
prise promising  a  more  constant  demand,  assuring  a 
more  definite  growth  as  the  countrj^  grows,  more  legiti- 
mately entitled  to  earn  if  service  be  a  measure  of  com- 
pensation, er  more  certain  to  attract  investment  on  the 
basis  of  past  and  prospective  performance. 

E.  H.  Sniffin 


Expansion  of 

Railroad 
Electrification 


During  the  past  year,  unquestionably 
the  most  important  in  the  world's  his- 
toiy,  the  potential  increase  of  man- 


power has  been  the  crucial  effort  of 
us  all.  We  know,  all  too  vividly,  the  narrow  margin  by 
which  our  men,  supplies  and  equipment  reached  the 
other  side.  This  has  demonstrated  effectively  the  haz- 
ard involved  by  inefficient  methods  of  production  and 
transportation  and  it  has  emphasized  too  the  enormous 
price  or  penalty  of  unpreparedness.  Preparedness 
properly  involves  analytical  consideration  of  the  past, 
the  present  and  the  probable  conditions  of  the  future. 
Preparedness,  to  be  effective,  must  be  supported  by  pub- 
lic opinion,  this  being  the  means  by  which,  under  our 
Government,  all  major  situations  are  settled. 

Our  participation  in  the  great  war  was  determined 
by  considerations  of  the  future.  It  involved  on  the 
part  of  everyone  much  more  reflection  and  serious 
thought  than  has  ever  obtained  in  the  past.  Perhaps 
the  most  valuable  asset  which  will  accrue  therefrom 
will  be  the  almost  universal  habit  of  such  reflection  and 
thought. 

Fundamentally,  we  are  zealous  as  a  nation  of  the 
equality  of  the  individual  as  to  activity,  recognition  and 
advancement;  that  to  those  who  deserve  reward,  just 
opportunity  will  not  be  restricted.  This  position,  logi- 
cally followed,  insures  inspiration  for  individual  incen- 
tive which,  if  consistently  carried  out,  will  establish  con- 
tentment and  prosperity  for  the  nation. 

During  the  progress  of  the  war,  there  has  'come  to 
be  recognized  the  necessity,  and  desirability  as  well,  of 
greater  compensation  to  the  individual  worker.  This 
has  been  due  to  the  increased  costs  of  commodities,  on 
account  of  their  great  demand  and  scarcity,  and  also  to 
the  desire  to  provide  an  incentive  for  speeding  up  or 
increasing  the  output  of  tlie  individual.  This  latter  con- 
dition has,  unfortunately,  not  been  realized  due  to  the 
lack  of  universal  response  that  would  have  been  most 
desirable,  but  with  the  increasing  habit  of  thought,  it  is 
hoped  that  this  will  be  attainable. 

In  order  to  increase  the  productive  capacity  of  the 
individual  now  so  necessary  to  restore  the  depletion  of 
the  world's  requirements,  due  both  to  destruction  and 
the  suspension  of  normal  production,  further  recourse 
must  be  had  to  machinery.  For  its  most  efficient  use, 
electricity,  due  to  the  ease  and  economy  of  generation, 
the  facility  of  transmission  and  the  flexibility  of  its  ap- 
plication, is  today  the  pre-eminent  force  for  this  service. 
Probably  at  no  time  in  our  history  has  the  popular  mind 
been  so  receptive  to  the  advantages  of  the  use  of  elec- 


tricity as  at  present.  Along  with  the  more  effective  out- 
put per  individual,  of  next  importance  comes  the  more 
efficient  use  of  capital.  Through  the  use  of  electric 
power,  this  will  directly  follow,  due  to  the  enhanced  use 
of  existing  facilities. 

Referring  now  to  the  railroad  situation,  it  may  well 
be  considered  whether,  as  a  matter  of  right,  the  diver- 
sion of  25  percent  of  all  the  coal  mined  and  of  the  trans- 
portation facilities  necessary  for  its  distribution  as  well, 
should  be  pei^mitted  to  limit  the  use  of  fuel  for  house- 
hold and  productive  necessities.  A  large  part  at  least 
of  the  power  necessary  for  the  railroads  could  be  ob- 
tained from  water  power  now  going  to  waste,  or  from 
steam-electric  generating  plants  so  constructed  and 
located  as  to  secure  economy  of  fuel  and  of  transpor- 
tation. It  is  obvious  that  had  electrification  been  gen- 
eral on  the  railroads,  there  would  have  been  no  such 
congestion  or  such  loss  to  the  whole  country  as  obtained 
so  dangerously  during  the  past  winter.  Generally 
speaking,  owing  to  the  ability  to  use  largely  increased 
power  for  each  train,  together  with  the  greater  facility 
for  movement,  electrification  will  double  the  capacity  of 
any  railroad. 

Consideration  of  the  joint  conservation  of  capital 
and  the  country's  resources,  as  well  as  the  more  effec- 
tive use  of  labor,  leads,  therefore,  to  the  conclusion  that 
the  expansion  of  railroad  electrification  will  be  limited 
only  by  the  ability  to  accomplish  the  construction  and 
the  provision  of  the  necessary  funds.  This  provision  of 
funds  must  of  course,  be  predicated  upon  the  adjustment 
of  corporate  and  legislative  relationship  which,  through 
the  "meeting  of  the  minds",  now  more  hopeful  than 
ever,  ought  to  obtain  in  the  very  near  future. 

F.  H.  Shepard 


The  outlook  for  the  electrical  indus- 
Post  War  ^j.y  seems  very  bright  for  the  period 

Industrial  q£  industrial  reconversion  which  will 
Reconversion  f^uQ^^,  ^^  ^^^j.  j^  ^^0^1^  ^e  unwise 
to  predict  the  future  of  any  particular  industry,  but  the 
ultimate  results  in  any  industry  will  largely  depend  up- 
on the  attitude  of  the  leaders  guiding  it.  If  the  various 
industries  are  guided  with  conservative  optimism,  as 
is  the  case  with  the  steel  industrj',  we  may  expect  a  con- 
tinuance of  industrial  activity  after  a  short  period  of 
readjustment.  This  activity  will  be  necessary  to  pro- 
vide the  raw  and  finished  materials  to  those  industries 
curtailed  on  account  of  the  war,  such  as  structural  steel 
for  buildings,  railroad  equipment,  automobiles,  state 
and  municipal  improvements,  etc.  Also,  although  the 
manufacture  of  munitions  will  cease,  many  activities 
developed  during  tlie  war  will  undoubtedly  be  continued 
to  promote  national  progress;  for  example,  merchant 
marine,  aerial  transportation,  increased  production  of 
food  stuffs,  increased  production  of  minerals,  etc. 

It  would  seem  as  though  the  demand  for  all  lines 
of  product  will  broaden  in  the  near  future,  as  it  is  only 
reasonable  to  suppose  that  the  large  commercial  in- 
terests will  follow  the  example  of  the  steel  companies 
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and  formulate  their  plans  in  a  manner  to  encourage  the 
activities  of  business  as  much  as  possible.  This  should 
establish  a  feeling  of  confidence  that  is  essential.  With 
this  condition  existing  there  is  no  question  as  to  the 
increased  demand  for  electrical  apparatus  by  industrial 
concerns,  which  in  turn  will  naturally  stimulate  central 
station  development. 

The  war  has  been  a  means  of  emphasizing  to  all 
users,  both  industrial  and  domestic,  the  fact  that 
"power"  means  "electric  power."  Electrical  apparatus 
and  machinery  have  become  an  important  factor  in  every 
industry  and,  therefore,  will  continue  to  be  in  demand, 
particularly  since  economical  methods  of  manufacture 
will  be  more  necessary  than  ever  by  reason  of  a  world 
market.  During  the  war,  many  plants  were  equipped 
with  electric  motors  on  an  uneconomical  basis,  because 
existing  apparatus  had  to  be  used  to  start  production 
quickly,  and  undoubtedly  many  of  these  will  have  to 
be  re-equipped  for  more  economical  operation.  The 
next  decade  will  see  without  doubt  an  unusual  effort 
to  produce  industrial  and  domestic  economies  by  the  de- 
velopment of  labor  saving  devices  and  these  in  nearly 
all  cases  will  be  electrically  operated. 

The  program  of  improvements  of  industrial  estab- 
lishments has  received  attention  during  the  last  few 
years  only  so  far  as  they  were  related  to  the  demand  for 
war  products.  Original  plans  have  been  modified,  and 
while  extensions  have  been  made  in  some  cases,  it  has 
been  difficult  to  perfect  new  organizations.  Time  has 
been  the  principal  factor  in  completing  improvements 
and  plans  for  power  supply  and  new  building  were 
changed  accordingly  to  meet  this  factor.  Now  that 
peace  is  practically  assured,  the  present  arrangement  of 
machinery  in  many  plants  can  be  modified  to  advan- 
tage. In  connection  therewith  central  station  service  or 
power  plant  extensions  must  be  given  careful  considera- 
tion with  a  definite  comprehensive  view  of  future 
growth  and  demand,  instead  of  providing  only  for  the 
particular  expedient  contemplated  at  any  given  time. 

The  shipbuilding  industry,  which  has  been  or- 
ganized on  a  large  scale  during  the  war  period,  must 
continue  in  order  to  replace  ships  that  have  been  de- 
stroyed and  also  to  provide  greater  means  for  export 
trade  expansion.  This  field  opens  up  a  big  demand  for 
electrical  machinery  and  apparatus,  not  only  for  con- 
structing ships,  but  for  equipping  anxiliary  apparatus 
on  merchant  ships,  and  providing  docks  with  modern 
electrical  devices  for  handling  the  cargoes  quickly  and 
efficiently.  Considerable  attention  is  being  paid  to  this 
feature  in  order  to  reduce  the  time  a  ship  is  not  actually 
moving  cargoes. 

The  development  of  the  chemical  industry  in  this 
country  during  the  war  period  has, been  very  remark- 
able. Many  chemicals  previously  purchased  abroad 
have  been  developed  at  home  and  put  on  a  commercial 
manufacturing  basis.  This  success  undoubtedly  has 
encouraged  further  research  regarding  new  uses  of  cer- 
tain products,  new  products  and  new  processes,  nearly 
all  of  which  involve  the  application  of  electricity. 


There  has  been  activity  regarding  electrification  in 
the  textile  industry  during  the  past  years  and  though 
this  industry  was  called  upon  for  many  war  products, 
their  electrical  requirements  probably  would  have  been 
equally  great  for  an  equal  increase  in  regular  business 
demands.  The  prospects  for  further  electrification 
seem  very  favorable. 

The  war  has  given  a  great  impetus  to  the  use  of 
domestic  electrical  appliances  and  the  smaller  motor 
driven  machines,  due  to  the  inability  to  secure  house- 
hold labor  and  the  high  cost  of  such  labor.  Prospects 
for  the  further  use  of  these  devices  appear  to  be 
bright,  because  the  buying  public  has  become  educated 
as  to  their  convenience  and  are  considering  them  as 
necessities  rather  than  as  luxuries.  It  is  felt  by  some 
that  many  women,  having  taken  part  in  industrial 
work,  will  wish  to  carry  the  ideas  of  efficiency  applied 
in  this  work  to  the  household,  and  they  will  appreciate 
much  more  than  formerly  the  advantages  of  labor  sav- 
ing devices. 

During  the  war,  the  manufacture  of  non-essential 
articles  was  practically  discontinued.  This  trade  will 
come  back  stronger  than  ever. 

Public  building,  which  has  been  practically  dis- 
continued during  the  war,  will  be  resumed.  This 
should  reopen  the  market  for  heating  and  ventilating 
apparatus,  elevators  and  other  similar  devices  which 
are  required  for  schools,  colleges,  hotels,  office  build- 
ings, etc. 

The  development  of  individual  generating  sets  for 
supplying  electricity  for  light  and  power  upon  the  farm 
has  opened  a  large  field.  The  use  of  these  sets  in  the 
future  will  be  very  extensive,  as  the  farmer  is  badly  in 
need  of  anything  that  will  save  labor  and  improve  work- 
ing conditions.  In  those  more  thickly  settled  districts 
adjoining  central  station  service  lines,  the  use  of  in- 
dividual generating  sets  will  pave  the  way  for  the  use 
of  central  station  power  in  the  future. 

The  standardization  work  started  by  the  various 
war  service  committees,  should  put  the  electrical  indus- 
try on  a  more  economical  basis  and  the  enormous  field 
for  application  to  all  industries  is  sufficient  warrant  for 
electrical  manufacturers  to  be  optimistic  in  their  hopes 
as  to  the  future  of  the  industry.         J.  M.  Curtin 


Developing        A  country  richly  endowed  in  natural 
Our  resources  is  usually  looked  upon  as 

Electrochemi-  wealthy,  and  rightly  so,  provided 
cal  Resources  these  resources  can  be  made  available 
for  the  needs  of  mankind,  for  only  by  developing  them 
is  it  possible  to  realize  on  their  value.  A  thousand 
tons  of  coal  in  the  bunkers  of  a  central  station  is  of 
vastly  greater  worth  to  the  stockholders  and  customers 
(the  world  at  large)  than  an  equivalent  amount  of  coal 
unmined.  Of  course,  without  the  original  supply  the 
question  of  availability  does  not  arise,  but  given  the 
original  supply  it  becomes  a  factor  of  paramount  im- 
portance. 

On  account  of  the  vast  extent  of  our  mineral  and 
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water  power  resources,  America  has  come  to  be  re- 
garded as  one  of  the  most  wealthy  of  nations,  and  it  is 
now  generally  recognized  that  the  chief  factors  in  mak- 
ing possible  the  realization  of  this  wealth  are  chemistry 
and  electricity.  The  combination  of  these  two  prim- 
ary forces — electrochemistry — is  making  available  our 
vast  store  of  mineral  and  power  resources  in  the  form 
of  marketable  products  demanded  by  our  daily  needs, 
and, the  rate  at  which  this  development  is  proceeding  is 
such  that  within  the  near  future  electrochemistry  will 
be  the  largest  single  user  of  electric  power.  The  term 
"electrochemistry"  is  here  considered  as  including  elec- 
tric furnace  and  electrothermal  processes,  as  well  as 
those  which  are  strictly  electrochemical. 

Even  though  America's  pre-eminence  along  elec- 
trochemical lines  has  for  a  long  time  been  internation- 
ally recognized,  not  even  the  most  optimistic  of  her 
electrochemists  could  have  predicted  the  tremendous  ex- 
pansion of  this  industry  which  the  war  has  demanded. 
It  is,  however,  now  a  matter  of  history  that  the  elec- 
trochemical industry  has  been  called  upon  to  carry  a 
large  share  of  the  war  program,  and  practically  every 
one  of  its  better  known  products  have  been  required 
in  quantities  far  in  excess  of  anything  formerly  pro- 
duced. In  this  work  our  water  power  resources  have 
helped  to  make  available  our  mineral  resources  and  the 
electrical  engineer  has  worked  hand  in  hand  with  the 
chemist. 

To  call  to  mind  just  a  few  of  the  better  known  elec- 
trochemical and  furnace  products,  there  may  be  men- 
tioned ferro-alloys  for  the  various  high  grade  steels  en- 
tering into  munitions  and  war  machines ;  artificial  abra- 
sives for  manufacturing  processes;  aluminum  for  air- 
planes and  truck  motors;  high  grade  electric  steel  for 
similar  purposes;  tremendous  quantities  of  chlorine, 
used  as  the  basis  for  all  gas  warfare ;  phosphorous  and 
nitrates  for  explosives;  calcium  carbide  (acetylene)  for 
welding,  cutting  and  for  airplane  dope ;  magnesium  for 
light  weight  alloys  and  intensive  illuminative  purposes; 
immense  quantities  of  alkali  used  in  almost  every  in- 
dustrial process ;  and  so  on  down  the  list. 

The  old  adage  that  "it  takes  fire  to  fight  fire"  has 
been  well  illustrated  in  this  war,  where  we  have  been 
called  upon  to  conquer  a  nation  determined  to  make  the 
war  one  of  f rightfulness  and  who,  being  well  versed  in 
the  applications  of  chemistry,  had  determined  to  use  all 
the  vast  resources  of  this  science  to  excel  the  barbarians 
of  early  history  with  their  molten  metal,  boiling  pitch, 
stink  pots,  and  firebrands,  and  by  the  use  of  modern 
chemistry  produce  a  brand  of  heretofore  undreamed  of 
frightfulness.  Chemists  have  been  pitted  against 
chemists,  and  suffice  to  say,  we  have  matched  our  ad- 
versaries at  every  turn  and  have  not  only  been  able  to 
produce  instruments  of  destruction  as  effective  as  those 
of  our  enemies  but,  in  many  respects,  were  in  a  fair 
way  far  to  surpass  them. 

By  concentrating  on  the  task,  the  much  vaunted 
chemical  leadership  of  Germany  has  been  shown  to  be 
possible  of  equalization,  and  in  the  language  of  the 


slogan  of  the  general  engineering  depot  of  the  U.  S. 
Army  the  old  pessimistic  cry  of  "It  can't  be  done"  has 
been  answered  through  the  optimistic  perseverence  of 
the  chemist,  the  electrochemist  and  the  engineer,  by  the 
reply  "But  here  it  is".  By  a  short,  hard  sprint  we  have 
been  able  to  overtake  our  adversaries  lead.  We  now  know 
that  the  seemingly  impossible  "can  be  done"  for  it  has 
been  done,  and  not  only  have  we  been  able  to  produce 
those  materials  indispensible  for  war,  but  a  vast  number 
of  the  materials  requisite  for  the  carrying  on  of  our 
industries,  which  were  formerly  imported,  have  been 
developed  and  are  now  being  manufactured  on  a  scale 
commensurate  with  our  demands.  For  example,  the 
supply  of  potash  formerly  obtained  from  Germany  has 
been  replaced  through  the  work  of  our  chemists  and 
engineers  by  the  potash  of  our  lakes,  rocks  and  seaweed, 
and  that  precipitated  electrically  from  the  waste  gases 
of  our  cement  mills  and  blast  furnaces.  Artificial  dyes, 
90  percent  of  which  were  formerly  imported,  have  been 
replaced  by  over  two  hundred  American  made  basic 
colors.  The  same  can  be  said  for  many  of  our  drugs 
and  chemicals  of  commerce. 

With  the  cessation  of  hostilities  we  have  time  to 
catch  our  breath  and  look  about  us  in  order  to  determine 
what  future  application  shall  be  made  of  the  facilities 
which  have  been  created  within  the  past  few  years  and 
what  further  developments  are  necessary  to  make  us 
chemically  independent. 

It  is  well  known  to  those  familiar  with  scientific 
and  industrial  history  that  new  discoveries  and  inven- 
tions of  merit  which  represent  distinct  advances  have 
ultimately  created  their  own  demand,  and  that,  al- 
though at  the  time  of  their  inception  they  may  have 
been  commercially  impossible  of  application,  the  fact 
that  they  opened  the  road  for  greater  possibilities  and 
achievements  soon  resulted  in  ways  and  means  being 
developed  for  their  general  utilization. 

Such  products  of  the  electric  furnace  as  ferro  alloys 
and  high  grade  alloy  steel,  formerly  considered  too  ex- 
pensive— both  in  first  cost  and  in  cost  of  machining — 
although  most  desirable  on  account  of  mechanical  char- 
acteristics, have  been  brought  to  a  point  where  the  in- 
creasing demands  have  made  their  use  possible  by  the 
opening  up  of  new  sources  of  raw  material  supply,  im- 
proved methods  of  extraction  and  of  manufacture 
through  the  use  of  high  speed  (alloy  steel)  cutting  tools 
and  artificial  abrasives.  They  have  of  themselves 
helped  in  making  themselves  available — they  have  met 
the  market  half  way,  and  what  a  few  years  ago  was  a 
scientific  curiosity  is  today  a  commercial  commonplace. 
The  net  result  of  this  is  that  the  electric  furnaces  for 
the  production  of  the  high  grade  alloy  steels  must  con- 
tinue to  grow  to  supply  the  demands  of  peace  which 
can  no  longer  be  filled  with  an  inferior  product  now 
that  a  superior  one  is  available,  (though  even  at  a 
higher  price)  to  which  the  market  has  been  built  up. 
Today's  curiosity  of  the  research  laboratory  is  to- 
morrow's commonplace  in  the  world's  workshop. 

Although  detail   information  is  still  lacking,  it  is 
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a  matter  of  common  knowledge  that  many  new  dis- 
coveries of  the  research  laboratories  have  been  put  into 
almost  immediate  use  during  the  recent  war.  This  will, 
of  course,  eliminate  much  of  the  usual  time  lag  factor 
in  their  application  to  our  industries.  It  now  remains 
for  us  to  select  from  our  various  war  time  discoveries 
and  industries  those  which  will  be  of  greatest  immediate 
value  to  tlie  needs  of  our  daily  life  under  peace  condi- 
tions and  to  find  ways  and  means  for  the  application  of 
the  excess  manufacturing  capacity  of  those  products 
which  the  war  demanded  in  quantities  many  fold 
greater  than  the  previous  peace  requirements. 

The  American  Electrochemical  Society  was  one  of 
the  first  to  recognize  the  post-war  future  of  the  industry 
which  it  represents,  and  at  its  recent  semi-annual  meet- 
ing in  Atlantic  City  this  question  was  the  subject  of  a 
symposium  which  brought  forth  animated  discussion 
from  many  of  the  leading  scientific  and  industrial  men 
of  the  country.  This  whole  subject  has  since  then  re- 
ceived wide  consideration  in  other  scientific  and  indus- 
trial bodies  and,  it  is  fully  expected,  will  be  the  sub- 
ject of  investigation  by  an  executive  body  appointed  by 
the  President. 

Considering  some  of  the  more  important  electro- 
chemical and  electric  furnace  industries  in  detail,  it  is 
the  consensus  of  opinion  that  the  ferro-alloy  and  high 
grade  steel  industries  will  survive  to  the  extent  of  al- 
most ICO  percent  of  their  present  development,  and 
while  certain  situations  involving  high  production  costs 
may  have  to  suspend  temporarily,  there  is  no  question 
but  that  large  developments  will  continue  in  other  locali- 
ties where  conditions  are  more  favorable.  Quality  of 
the  product  manufactured  in  an  electric  furnace  has 
proven  so  superior  that  our  industries  will  no  longer  do 
without  it,  and  the  manufacturers  of  what  was  formerly 
considered  steel  of  a  high  grade  have  come  to  recognize 
that  the  electric  furnace  has  advantages  which  cannot 
be  obtained  in  the  crucible.  The  ferro-alloys  for  the 
purification  of  ordinary  steels,  as  well  as  for  the  manu- 
facture of  alloy  steels  have  come  to  be  considered  in- 
dispensable. Even  the  long  promised  development  of 
electric  pig  iron  has  been  an  accomplished  fact  for  the 
past  year  or  more,  and  further  indication  points  to  the 
continuance  of  this  industry  with  the  ultimate  develop- 
ment of  straight  reduction  from  the  ore. 

In  the  nitrogen  fixation  field,  the  fertilizer  industry 
apparently  offers  the  most  hopeful  avenue  for  expan- 
sion, and  the  production  of  a  highly  concentrated  pro- 
duct with  the  attendant  reduction  in  freight  charges 
gives  promise  of  being  a  considerable  boon  to  this  in- 
dustry. With  our  large  productive  capacity  for  ni- 
trates, which  it  has  been  estimated  will  be  almost  double 
our  usual  peace  time  needs,  it  should  be  possible  for  us 
materially  to  reduce  our  importations  from  Chile  and 
thus  make  available  much  needed  shipping  for  other 
purposes.  Present  information  is  to  the  effect  that  two 
of  the  recently  completed  nitrate  plants  in  the  South 
are  scheduled  to  be  taken  over  by  two  of  the  largest 
chemical  companies  and  applied  to  the  manufacture  of 
fertilizers  and  other  peace  time  nitrates. 


The  realization  by  the  farmers  of  some  of  our 
Middle  Western  States  that  the  quality  of  the  grain  of 
those  localities  no  longer  measures  up  to  former  stand- 
ards should  be  a  strong  incentive  to  the  use  of  concen- 
trated fertilizers  produced  by  reliable  manufacturers. 
Today  in  certain  localities  their  use  is  almost  an  ab- 
solute necessity.  The  fact  that  we  will  be  called  upon 
to  supply  much  of  the  food  for  Europe  during  the  next 
few  years  is  a  further  incentive  for  the  intensive  culti- 
vation of  our  fields  by  the  use  of  high  grade  fertilizers. 

The  problem  of  using  our  tremendous  productive 
capacity  for  chlorine  in  peace  times  is  perhaps  the  most 
serious  one  facing  the  electrochemical  industry.  Un- 
questionably, there  will  be  an  overproduction  for  some 
time,  but  with  the  widespread  and  constantly  increasing 
variety  of  uses  for  this  element  and  its  compounds,  the 
ultimate  solution  of  this  problem  should  be  possible. 
One  suggested  peace-time  application  of  a  small  por-. 
tion  of  our  poisonous  gas  plant  capacity  is  for  the  manu- 
facture of  certain  of  these  gases  for  use  in  the  treatment 
of  bugs  and  vermin  destructive  to  plant  life. 

The  use  of  alkalies  is  so  universal,  entering  as  they 
do  into  almost  every  industry,  that  the  peace-time  ap- 
plication of  our  productive  capacity  in  this  line  is  not  a 
problem  of  such  serious  moment  as  those  mentioned 
above. 

Aluminum  is  so  widely  used  that  the  present  pro- 
ductive capacity  does  not  present  a  difficult  peace-time 
problem.  The  same  may  be  said  for  artificial  abra- 
sives, graphite,  carbon  electrodes  and  other  electro- 
chemical and  furnace  products. 

Closely  related  to  the  problem  of  using  our  recently 
developed  facilities  is  that  of  so  co-ordinating  and  inter- 
locking the  work  of  our  chemists  and  engineers  as  to 
insure  the  ultimate  development  of  our  chemical  inde- 
pendence of  foreign  powers.  The  first  step  in  this 
problem  is  a  national  stock-taking  or  inventory,  such  as 
the  chemical  survey  proposed  by  Dr.  Hesse  in  a  recent 
issue  of  the  Journal  of  Industrial  and  Engineering 
Chemistry,  in  which  is  recommended  a  complete  listing 
of  our  manufactured  products  and  the  raw  materials 
they  require,  our  imports  and  tlieir  requirements  of  raw 
materials,  and  the  co-operation  of  the  Geologic  Survey 
to  help  locate  raw  materials  needed  for  extension  of 
our  chemical  manufacturing.  With  such  information 
at  hand,  the  more  important  problems  can  be  listed.  In 
the  meantime,  with  the  spirit  of  national  co-operation 
so  prevalent  at  this  time,  it  should  be  possible  to  co- 
ordinate the  work  of  our  research  laboratories,  particu- 
larly those  of  our  American  Universities,  placing  their 
work  under  the  direction  of  governing  boards  composed 
of  representatives  of  each  laboratory  or  university,  per- 
haps grouping  those  in  adjacent  localities  under  local 
boards  and  these  under  one  general  board.  It  will  thus 
be  possible  to  attack  the  major  problems  simultaneously 
along  predetermined  lines  with  the  assurance  of  quicker 
and  more  complete  solution  and  the  elimination  of  a 
vast  amount  of  effort  often  wasted  through  lack  of 
complete  facilities,  or  misdirected  through  ignorance 
of  work  already  done  or  being  carried  on  by  a  rival 
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institution.  Only  by  such  organization  can  our  chem- 
ists and  engineers  be  welded  into  a  working  unit,  with  a 
minimum  of  friction  and  wasted  energy,  which  can 
ultimately  point  the  way  to  true  national  independence. 

The  cessation  of  hostilities  presents  the  problem 
to  our  electrical  engineers  and  chemists  of  producing 
many  materials  at  an  economical  cost  which  during  the 
war  were  considered  largely  on  a  quantity  basis,  re- 
gardless of  cost.  Foreign  competition  will  be  met  and 
the  industries  must  be  co-ordinated  just  as  the  research 
laboratories  already  discussed,  so  that  the  byproducts 
of  one  may  be  utilized  without  waste  by  the  other. 
With  the  national  chemical  awakening  which  we  have 
had  and  with  the  closer  association  of  our  chemists,  as 
a  result  of  their  work  in  the  Chemical  Warfare  Serv'ce 
and  of  our  engineers  in  the  U.  S.  Army  Engineering 
Corps,  this  long  recognized  problem  should  be  readily 
possible  of  solution. 

Having  the  lessons  brought  home  to  us  by  the  war 
fresh  in  our  minds,  and  with  the  consequent  popular 
realization  of  many  of  those  problems  long  apparent  to 
scientific  and  industrial  leaders,  it  is  now  possible  for 
us  to  pull  together  toward  a  lOO  percent  utilization  of 
the  tremendous  opportunities  which  the  wealth  of  our 
country  presents  to  us.         C.  G.  Schluederberg 


Post  War         The  steel  trade  is  generally  considered 
Steel  as  a  barometer  of  business  conditions. 

Conditions  Accepting  the  steel  business  as  consti- 
tuting almost  the  backbone  of  modern  industry,  'ic  is 
encouraging  to  note  the  optimistic  attitude  with  which 
the  steel  trade  papers  discuss  the  question  of  business 
adjustment  following  the  war.  Such  leaders  as  Judge 
Gary  and  C.  M.  Schwab  have  expressed  very  optimistic 
views  regarding  future  business  in  the  steel  industry 
and  believe  that  much  good  can  be  accomplished  by  a 
concerted  display  of  confidence  by  business  men  in 
general,  and  prompt  action  in  preparing  for  normal 
conditions,  based  on  this  optimistic  opinion.  Naturally, 
one  company's  plans  involve  the  interest  of  many  others, 
and  the  gain  in  business  momentum  to  counteract  the 
cancelling  of  contracts  and  general  hesitation  to  pur- 
chase with  the  idea  that  prices  will  be  materially  lower 
in  the  near  future,  will  be  greatly  accelerated  if  all 
business  men  recognize  conditions  and  conduct  their 
different  lines  of  industry  so  as  to  adjust  the  question 
of  supply  and  demand  on  a  legitimate  basis,  thus  pre- 
venting any  abrupt  and  unwarranted  price  disturbances. 
A  stabilized  market  will  do  much  towards  re-adjusting 
business  to  a  sound  normal  basis. 

There  are  many  indications  that  warrant  an  opti- 
mistic opinion  regarding  future  business  conditions. 
The  steel  trade  is  on  a  very  sound  basis.  The  com- 
panies are  strong  financially,  general  conditions  regard- 
ing supplies  of  materials,  ore,  coke  and  coal  are  favor- 
able, transportation  presents  fewer  problems  as  com- 
pared with  the  last  two  years,  and  labor  will  soon  be 
sufficient  for  all  demands.  Many  industries  whose 
regular  manufacturing  programs  have  been  curtailed  by 
the  war  are  again  coming  into  the  market  for  steel,  and 


steps  have  already  been  taken  by  the  steel  trade  to 
stabilize  market  conditions.  Such  action  should  be  of 
material  assistance  in  preventing  any  prolonged  hesi- 
tancy on  the  part  of  other  manufacturers  to  proceed 
with  improvements. 

Many  improvements  and  modifications  in  the  steel 
plants  themselves  will  be  necessary  in  the  near  future, 
as  all  such  changes  in  the  immediate  past  have  been 
made  solely  with  a  view  toward  meeting  war  condi- 
tions, and  the  present  arrangements  in  many  cases  can 
undoubtedly  be  modified  to  advantage  with  a  change  to 
normal  times. 

It  has  been  demonstrated  clearly  that  electrification 
of  rolling  mills  furnishes  one  of  the  most  advantageous 
means  of  improving  plant  operating  economy.  There 
are  now  more  than  500  large  motor  drives  on  roll- 
ing mills  of  every  type,  including  about  thirty  re- 
versing mill  equipments.  During  the  unusual  require- 
ments of  the  war  period  many  demonstrations  have  been 
made  of  the  advantages  of  electric  drive,  including  the 
flexibility  of  operation  as  offered  by  adjustable  speed 
equipment,  and  the  specially  favorable  speed  torque 
characteristics  of  electric  units.  Many  unusual  records 
have  been  established  in  electrically  operated  mills,  and 
with  the  return  to  normal  times,  the  steel  trade  should 
be  in  a  very  good  position  to  take  advantage  of  this 
valuable  experience,  and  make  thorough  investigations 
regarding  the  best  method  of  operating  the  mills. 

One  of  the  principal  developments  of  recent  years 
has  been  the  reversing  mill  motor  equipment,  whose 
success  has  been  marked.  Many  mills  of  recent  de- 
sign include  a  reversing  roughing  stand  and  a  tandem 
arrangement  of  the  mill,  which  gives  the  plant  greater 
flexibility  of  size  of  product  and  increases  the  tonnage, 
with  a  decrease  in  power  requirements.  Unlike  the 
steam  drive,  which  requires  an  unusually  large  steam 
supply  for  a  reversing  equipment,  the  reversing  motor 
drive  acts  as  an  equalizer  for  the  three-high,  continu- 
ously operated  mills,  since  the  power  taken  from  the 
supply  line  is  quite  uniform  for  the  former  and  is  in- 
termittent with  high  peak  loads  for  the  latter  type  of 
mill. 

Many  plants  have  installed  electric  furnaces  for 
the  manufacture  of  ferro-alloys,  one  of  the  principal 
products  being  ferro-manganese.  These  alloys  .were 
used  largely  in  steels  manufactured  for  munitions  and 
guns,  and  as  such  requirements  are  now  greatly  re- 
duced and  the  general  steel  market  is  changing  to  a  more 
normal  basis,  the  majority  of  these  furnaces  will  .be 
changed  to  more  commercial  products.  For  example, 
electric  furnaces  have  been  extensively  used  for  the 
manufacture  of  nickel  steel  for  gun  forgings  and  man- 
ganese steel  for  helmets.  Such  production  will  be 
changed  over  to  more  normal  lines,  including  steel  for 
castings  and  alloy  steel  for  machine  parts,  such  as  those 
required  for  automobiles  and  other  machines.  Seem- 
ingly, the  special  steel  market  has  a  good  future,  as  the 
trade  in  general  are  now  much  better  educated  regard- 
ing its  advantages  and  possibilities  than  they  were  a  few 
years  ago. 
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Many  plants  have  found  it  advantageous  to  ana- 
lyze their  power  requirements  and  future  improvements 
from  a  complete  plant  standpoint,  thus  giving  to  each 
individual  mill  proposition  the  benefit  of  its  relation  to 
the  entire  plant,  and  tliereby  properly  distributing  tlje 
general  charges.  This  plan  enables  the  advantages  of 
the  motor  drive  to  be  capitalized  as  a  part  of  the  geneial 
scheme  of  improvement.  Viewed  from  this  standpoint 
it  is  recommended  that  the  steel  companies  study  their 
readjustment  period  plans  with  the  idea  of  developing 
a  general  plant  improvement,  and  that  they  analyze 
their  individual  mill  propositions  on  this  basis;  for 
when  the  individual  mills  are  analyzed  as  segregated 
propositions  tlie  summary  of  the  advantages  of  motor 
drive  does  not  establish  the  true  over  all  plant  efficiency. 
For  instance,  the  question  of  power  plant  extensions 
should  be  studied  with  a  definite  view  of  future  plant 
capacities,  instead  of  merely  providing  for  the  particu- 
lar improvements  contemplated.  It  is  extremely  im- 
portant that  the  power  requirements  be  provided  for  in 
advance  of  actual  demands.  One  of  the  noteworthy 
features  of  recent  practice  is  the  selection  of  large  size 
turbine  units.  This  tends  to  improve  the  efficiency  of 
power  production,  as  the  water  rate  of  the  larger  units 
is  materially  better.  A  few  years  ago  a  3000  to  4000 
kw  turbine  was  considered  a  large  unit  for  a  steel  mill 
installation.  At  present  units  of  15000  to  20000  kw 
are  being  considered,  whose  unit  steam  consumption,  by 
reason  of  the  larger  size  and  improved  operating  condi- 
tions, such  as  higher  steam  pressures,  higher  superheats, 
etc.  is  but  little  over  half  that  of  the  smaller  units. 

A  more  common  use  of  central  station  power  has 
been  adopted  during  the  war  period  in  particular.  It 
has  been  a  factor  in  facilitating  installations  and  also 
offers  many  advantages  of  reduction  of  first  cost  of 
operation  and  permits  of  greater  flexibility  of  plant  lay- 
out for  future  improvements.  More  than  fifty  percent 
of  the  motor  equipments  installed  during  the  last  two 
years  use  central  station  power  and  more  than  60  per- 
cent are  60  cycle  units.  The  tendency  towards  the 
adoption  of  60  cycle  apparatus  as  a  standard  is  very 
marked.  Brent  Wiley 


Munition 

Work  in 

Pittsburgh 


Government  late  in  1914.  The  work  which  has  been 
done  has  covered  all  characters  of  shells,  from  the  small 
13-pounders  to  15  inch  naval  shells  weighing  approxi- 
mately 1800  pounds. 

During  the  time  the  work  has  been  going  on,  ap- 
proximately six  million  shells  have  been  produced  and 
shipped,  and  the  work  has  proceeded  almost  uninter- 
ruptedly (except  for  a  short  period  during  the  summer 
and  fall  of  1917)  since  its  inception.  The  value  of  the 
product  which  has  been  turned  out  and  shipped  in  the 
period  approximates  $130  000  000  to  $140  000  000,  when 
account  is  taken  of  the  value  of  materials  as  well  as  the 
labor  which  enters  into  the  product.  This  production 
has  given  work  to  thousands  of  people  in  tlie  Pittsburgh 
district,  many  of  whom  would  have  been  out  of  em- 
ployment during  the  earlier  years  of  the  war,  because 
of  the  slack  times  then  existing  in  industrial  lines. 

In  addition  to  the  shell  work,  the  Company  has  as- 
sisted in  the  development  of  various  types  of  grenades 
and  grenade  dischargers  and  has  manufactured  five 
million  United  States  Government  rifle  grenades  and 
several  hundred  thousand  grenade  dischargers. 

The  present  description  of  the  various  operations 
necessary  to  transform  the  rough  forgings  into  finished 
shells  gives  a  general  idea  of  the  amount  of  equipment 
and  the  extent  of  the  problem  of  organization  and  ad- 
ministration involved  in  the  production  of  large  quanti- 
ties of  finished  shells  for,  simple  as  the  shell  appears  in 
its  finished  condition,  it  has  to  meet  requirements  of  in- 
spection and  test  from  operation  to  operation  of  manu- 
facture, as  to  accuracy  of  dimensions,  weight,  volume 
and  physical  properties  almost  approaching  perfection. 

H.  P.  Davis 


The  article  by  Mr.  T.  D.  Lynch,  in 
this  issue  of  the  Journal,  is  descrip- 
tive of  one  of  the  latest  shell  machm- 
ing  plants  in  the  Pittsburgh  district 
The  plant  at  Shadyside,  which  was  formerly  devoted 
to  the  manufacture  of  automobile  equipment  apparatus, 
at  the  urgent  request  of  the  Ordnance  Division  of  the 
War  Department,  was  converted  into  a  shell  machin- 
ing plant.  This  is  one  of  six  plants  which  the  Westing- 
house  Company  organized  wholly  for  munitions  work. 
Naturally,  being  the  latest,  it  is  the  most  up-to-date,  and 
is  capable  of  a  daily  output  of  3000  six-inch  United 
States  high  explosive  shells.  The  Company  started 
with  shell  machining  work  in  1914,  and  was  one  of  the 
first  organizations,  if  not  the  first,  outside  of  regtdar 
ordnance  companies  to  undertake  shell  production,  the 
Company's  first  contract  being  made  with  the  British 


The  insulator  has  always  been  the 
Insulator  weak  element  in  a  transmission  line. 
Characteristics  Anything  therefore  that  improves  its 
dependability  and  therewith  the  reliability  of  the  trans- 
mission and  distribution  system  which  it  supports,  is  of 
the  utmost  importance  to  the  electrical   industry. 

The  cost  of  the  insulators  on  a  transmission  line 
depends  not  only  on  the  price  of  the  units,  but  also 
on  their  characteristics.  Freedom  from  breakdown 
and  breakage  and  relative  freedom  from  deterioration 
with  age  means  reduced  replacement  expense,  and 
with  many  operating  companies  this  feature  is  of 
greater  importance  than  the  initial  price.  Improved 
mechanical  characteristics  permit  longer  spans  and 
hence  fewer  insulators.  Aside  from  the  direct  saving 
produced  by  a  higher  quality  of  porcelain,  the  value 
of  uninterrupted  service  is  beyond  computation. 

The  article  in  this  issue  by  Messrs.  Gilchrest  and 
Klinefelter  is  the  last  of  a  group  of  five,  which  analyze 
the  theoretical  and  ceramic  problems  which  enter  into 
the  design  of  porcelain  insulators,  and  adapt  the  re- 
sults to  agree  with  the  service  experiences  of  operating 
engineers.  The  result  of  the  investigations  described 
has  been  to  eliminate  to  a  large  extent  the  old  cut  and 
try  methods  of  insulator  design  and  manufacture. 

Chas  R.  Riker 
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The  theoretical  elements  of  the  problem  which  laid  the  foundations  for  the  following  developments 
were  outlined  in  previous  issues  of  the  Journal.*  The  present  article**  deals,  for  the  most  part,  with 
laboratory  tests  of  various  new  designs  and  a  comparison  of  these  designs  with  those  now  in  commercial 
use. 


USUALLY  any  design  problem  of  engineering  may 
be  quite  easily  separated  into  two  rather  distinct 
phases.  The  one  phase  is  termed  "theoretical" 
and  infers  that  the  service  experience,  processes  of 
manufacture,  cost  of  materials,  cost  of  manufacture, 
etc.,  are  placed  secondary  in  importance  in  the  search 
of  an  ideal  design.  The  other  phase  is  termed  "prac- 
tical" and  infers  that  the  design  has  been  evolved  mostly 
from  a  consideration  of  service  experience.  It  is  gen- 
erally conceded  that  a  design  evolved  by  either  method 
may  have  certain  advantages.  The  object  of  the  fol- 
lowing investigations  has  been  to  link  together  these  two 
phases  in  a  specific  application,  namely;  tlie  design  of 
pin-type  transmission-line  insulators. 


FIG.    I — FIELD    FORM    OF    BUSHING 

Having  dimensions  of  ring  and  rod  chosen  such  as  to 
give  maximum  breakdown  voltage  over  the  surface  for  the 
mean  diameter  of  torus  ring. 

Two  logical  questions  at  once  arise : — 

First,  are  the  insulator  designs  installed  in  service 

at  the  present  time  satisfactory? 

Second,  can  one  type  of  design  be  developed  that 

will  be  satisfactory  in  all  localities? 

The  first  question  is  answered  by  a  resume  of  cur- 
rent engineering  literature,  which  offers  convincing  evi- 
dence that  there  is  a  field  for  improvement.  A  com- 
parison of  the  flashover  voltage  versus  overall  dimen- 
sions and  weight  of  the  present  insulator  designs  would 
seem  to  warrant  an  attempt  toward  uniformity. 
Furthermore,  the  divergence  of  certain  characteristics 


♦In  the  Journal  for  February,  p.  36;  March,  p.  yy;  and 
November,  p.  443,  1918. 

♦♦Revised  by  the  authors  from  a  paper  before  the  Ameri- 
can Institute  of  Electrical  Engineers,  June  1918. 


of  some  designs  from  the  average  curves  indicates  that 
some  of  the  designs  must  be  far  from  efficient. 

The  causes  of  such  chaos  in  insulator  designs  are 
quite  obvious.  First  of  all,  the  progress  in  transmis- 
sion engineering  has  been  rapid.  The  expanding  trans- 
mission companies  demanded  insulator  designs  which 
would  offer  a  good  factor  of  safety.  There  was  no 
previous  operating  experience  to  use  as  a  basis  in  nevr 
developments  and  consequently  it  was  often  necessary 
for  the  transmission  engineer  to  propose  his  own  de- 
sign. Moreover,  the  majority  of  our  present  insulator 
types  were  designed  when  the  electrical  and  mechanical 
characteristics  of  porcelain  were  less  understood  than  at 
present.     As  a  result,  various  features  were  accentuated 


FIG.   2 — DIELECTRIC  FIELD 

About  line  insulator  without  rain  sheds, 
as  most  important.  That  is,  at  one  period  a  long  leak- 
age path  was  required,  regardless  of  voltage  distribution 
per  shell  from  capacity  current  or  leakage  current ;  then 
again  a  high  puncture  voltage,  then  a  high  mechanical 
strength,  and  so  on.  Naturally,  many  mistakes  were 
made  and  a  large  proportion  of  the  older  insulator  de- 
signs have  failed  in  service  application. 

CAUSES  OF  INSULATOR  FAILURES 

The  knowledge  that  certain  insulator  types  have 
failed  in  service  is  of  little  value  in  the  redesign  of  in- 
sulators unless  actual  conditions  of  service  and  cause 
of  failure  are  known.  Also,  the  cause  of  failure  of  a 
particular  type  in  one  locality  should  be  compared  to  the 
cause  of  failure  in  other  localities.  Hence,  before  at- 
tempting to  develop  a  new  type  of  design,  a  study  was 
made  of  available  data  on  insulator  deterioration  and 
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the  opinions  of  operating  engineers  in  various  parts  of 
the  country  were  obtained. 

From  these  discussions,  from  published  data  on  in- 
sulator deterioration,  and  from  observations  of  insula- 
tors that  had  failed  in  operation,  it  would  seem  that  the 
following  are  the  main  causes  of  failures: — 

I — Improper  distribution  of  dielectric  field. 

2 — Improper  distribution  of  surface  leakage. 

3 — Porosity. 

4 — Mechanical  breakage,  (a)  From  handling,  (b) 
Mischievous  shooting  and  stone  throwing,  (c)  Insufficient 
strength  as  a  support,     (d)   Brittle  material. 

5— Lightning. 

6 — Birds  and  animals  short-circuiting  the  line. 

7 — Unequal  expansion  of  metal,  cement  and  porcelain. 

8 — Internal  stresses  in  the  material. 

9 — Defective  batches. 

Items  J,  4{d)  and  p  are  the  problems  of  the  cera- 
mic  engineer,   rather  than  of   the  designing  engineer. 


vestigated  under  a  voltage  of  approximately  the  same 
value  that  would  be  impressed  in  service.  Thereafter 
practical  considerations,  such  as  deterioration  of  the 
various  commercial  units  in  service,  manufacturing 
limitations,  etc.  were  taken  into  account,  with  the  re- 
sultant design  described  later. 

METHOD  OF  DETERMINING  FORM  OF  DIELECTRIC  FIELD 

The  dielectric  field  was  determined  by  the  follow- 
ing procedure  :• — The  insulator  was  fastened  in  a  posi- 
tion such  that  the  plane  of  the  field  to  be  determined  ex- 
tended horizontally.  A  piece  of  fullerboard  was  fitted 
over  a  half  section  of  the  insulator  in  this  plane.  In  all 
cases  the  cross-arm  supporting  the  insulator  was 
grounded  as  in  service  where  steel  construction  is  used. 
Finely  divided  asbestos  was  then  sifted  evenly  onto  the 


FIG.  3- 
Using 


-DIELECTRIC      FIELD      ABOUT      THEO- 
RETICAL   DESIGN 

confocal  surfaces  of   revolution. 


FIG.   4 — SPECIAL    CAP    AND    PIN 

Such  as  might  be  used  as  terminals  of 
a  line  insulator. 


FIG.    5 — DIELECTRIC   FIELD 

About  insulator  with  metal  rain 
sheds. 


These  items  have  doubtless  been  of  great  importance  in 
the  past,  but  more  scientific  and  painstaking  factory 
control  must  minimize  them  in  the  future. 

It  was  believed  that  the  data  previously  outlined, 
in  conjunction  with  the  available  data  of  other  investi- 
gators* of  both  an  analytical  and  experimental  nature, 
afforded  sufficient  basis  from  which  to  formulate  pre- 


FIG.    6 — THREE-PIECE    INSULATOR     FIG.       7 — TWO-PIECE      INSULATOR 

OF    THE     PROPOSED    TYPE    OF  OF    THE    PROPOSED    TYPE    OF 

DESIGN — INSULATOR   A  DESIGN — INSULATOR    B 

liminary  designs.  Hence,  several  theoretical  insulator 
designs  were  produced  out  of  a  usual  commercial  porce- 
lain body.     The  dielectric  field  of  these  was  then  in- 


*"Distribution  of  Potential  about  High  Voltage  Line  In- 
sulators," by  C.  T.  Allcutt  and  W.  K.  Skolfield,  in  the  Journal 
of  Electricity,  Power  and  Gas,  June  17,  1916.  "Electrostatic 
Problems,"  by  C.  W.  Rice,  in  the  Trans.  A.  L  E.  E.,  Vol. 
XXXVI,  1917. 


sheet  of  fullerboard,  voltage  at  60  cycles  of  the  desired 
value  was  applied,  and  the  sheet  was  gently  tapped  until 
the  particles  had  adjusted  themselves.  Permanent 
records  were  obtained  by  placing  a  sheet  of  photo- 
graphic printing  paper  over  the  fullerboard,  obtaining 
the  field  as  above,  and  exposing  the  paper  after  the 
particles  had  become  arranged.  That  the  stronger  por- 
tion of  the  field  around  an  insulator  was  not  disturbed 
materially  by  the  presence  of  the  fullerboard  or  the  as- 
bestos particles  was  proven  by  suspending  a  piece  of 
finely  drawn  glass  in  parts  of  the  field  by  means  of  a 
silk  fibre  supported  by  small  insulated  rods.  As  nearly 
as  could  be  checked,  the  glass  indicated  the  same  direc- 
tion of  the  field  as  the  asbestos  particles. 

THEORETICAL   INSULATOR   DESIGNS 

The  dielectric  fields  of  five  theoretical  designs  were 
determined.  Wherever  a  customary  transmission  cross- 
arm  and  linewire  are  used,  there  are  two  principal 
planes  of  the  dielectric  field  which  show  the  greatest 
difference,  i.e.,  the  plane  of  the  cross-arm  and  the  plane 
of  the  line  wire.  These  two  planes  are  90  degrees  apart 
and  in  passing  from  one  to  the  other  the  transition  is 
gradual.  During  the  investigation,  records  were  taken 
of  the  dielectric  field  for  these  two  principal  planes  and 
of  a  plane  midway  between  the  two.     The  plane  in 
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which  the  particular  field  was  taken  is  indicated  by  the 
reduced  top  projection  at  the  upper  left  portion  of  each 
figure. 

DIELECTRIC  FIELD  FORMS  OF  THEORETICAL  DESIGNS 

The  direction  of  the  electrostatic  field  about  various 
theoretical  designs  is  shown  in  Figs,  i  to  5,  while  Table 
I  gives  the  length  of  path  over  the  insulator  surface  be- 
tween electrodes  and  the  60  cycle  flashover  voltage. 

TABLE  I— INSULATOR  CHARACTERISTICS 


Shape 
Figure 

Length  of  Surface 

Effective  Kilovolts  Flashover  Voltage  1 

Inches 

Cm. 

Total 

Per  Inch 

Per  Cm. 

I 
3 
2 

4-25 

6.5 

8 

10.8 

16.5 

20.3 

87 
148 
115 

20.4 
22.8 

14.4 

8.1 
9.0 

5.7 

From  a  consideration  of  Table  I  it  is  evident  that  a 
flashover  value  of  between  20  and  23  kilovolts  per  inch 
(8  and  9  kilovolts  per  centimeter)  of  surface  may  rea- 
sonably be  expected  if  the  unit  is  designed  with  contours 


MODIFICATIONS  OF  THEORETICAL  DESIGN   TO    MEET   OPER- 
ATING AND  MANUFACTURING  CONDITIONS 

Insulators  based  on  such  theoretical  data  would  be 
excellent  from  the  electrical  and  mechanical  standpoints 
if  they  were  to  operate  in  clean,  dry  air.  However,  the 
commercial  insulator  must  maintain  the  transmission 
system  during  the  heaviest  of  snow  and  rain  storms. 
Moreover,  it  must  have  sufficient  leakage  distance  to 
prevent  flashover  or  even  high  power  loss  from  surface 
leakage  when  the  surface  becomes  dirty  and  wet. 

The  production  of  one-piece  insulators  for  high- 
voltage  service,  although  possible,  would  be  costly. 
Also,  the  puncturing  voltage  of  a  one  piece  unit  would 
be  low  for  a  given  thickness,  since  the  stress  in  an  in- 
sulating material  between  metal  electrodes  of  different 
potential  varies  as  a  logarithmic  function.  The  sepa- 
ration of  the  unit  into  parts  that  are  cemented  together, 
more  uniformly  distributes  the  stress  of  the  dielectric 
if  the  unit  is  properly  designed.  It  also  decreases  the 
probability   of   complete    failure   of   the   insulator   and 


-i 

FIG.    8 — DIELECTRIC     FIELD 
INSULATOR    C 


FIG.   9 — DIELECTRIC     FIELD     AROUND 
INSULATOR  D 


10 — DIELECTRIC    FIELD    AROUND 
INSULATOR   E 


of  the  surfaces  approximating  the  flow  lines  of  the  di- 
electric field.  Of  course,  the  flashover  on  the  unit 
without  rain  sheds,  Fig.  2,  is  somewhat  lower,  being 
14.4  kilovolts  per  inch.  The  lower  flashover  on  this 
unit  is  due  to  two  conditions,  i.e.,  the  porcelain  surface 
does  not  follow  the  dielectric  field  in  all  planes  and  the 
small  tie  wire  produces  corona  and  subsequent  static 
discharges  at  a  relatively  low  voltage.  Placing  a  static 
shield  on  the  top  of  this  unit  increased  the  flashover 
voltage  18  percent. 

With  the  field  form  between  cap  and  pin  as  given 
in  Fig.  4,  and  the  voltage  values  given  in  Table  I, 
theoretical  insulator  designs  could  be  determined  for 
such  electrodes.  Such  designs  should  follow  the  sur- 
faces indicated  on  Fig.  4,  as  (a)  and  {b).  The  highest 
flashover  voltage  for  a  given  surface  distance  between 
electrodes  would  thereby  be  obtained.  Moreover,  the 
flashover  voltage  of  such  a  unit  could  be  closely  ap- 
proximated if  the  electrodes  have  sufficient  radius  of 
curvature  at  points  of  contact  with  the  insulating  ma- 
terial and  a  good  seal  is  made  between  the  metal  and 
the  insulating  material. 


facilitates  factory  production,  lessening  the  cost  of  the 
commercial  unit. 

The  use  of  a  special  cap  would  be  desirable  from  a 
dielectric  standpoint.  However,  the  voltage  character- 
istics under  rain  are  the  same  whether  the  usual  line 
and  tie  wire  or  a  special  cap  is  used.  Moreover,  the 
cost  and  ease  of  replacement,  cost  of  construction,  etc., 
favor  the  line  and  tie  wire  construction. 

PROPOSED    COMMERCIAL    INSULATOR   DESIGN 

With  the  above  limitations  of  the  theoretical  de- 
signs and  the  causes  of  insulator  failures  in  mind,  the 
type  of  unit  indicated  in  Fig.  6  was  evolved. 

Summed  up  briefly  this  type  of  design  embodies  the 
following  features: 

I — The  surfaces  a  conform  to  the  flow  lines  of  the 
electrostatic  field. 

2 — The  surfaces  h  of  the  rain  sheds  conform  to  the 
equipotcntial  surfaces. 

3 — The  lines  of  mechanical  stress  are  parallel  to  the 
electrostatic  flow  lines. 

4 — The  leakage  resistance  per  shell  is  about  equal,  be- 
ing increased  gradually  from  the  head  to  the  center  shell, 

5 — It  has  approximately  equal  capacity  per  shell. 
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COMPARISON  WITH   OLDER  DESIGNS 

It  is  not  possible  to  much  more  tlian  indicate  in  the 
following  discussion  the  methods  employed  to  compare 
the  proposed  type  of  design  given  in  Figs.  6  and  7  with 
the  older  commercial  insulators.  Samples  of  various 
commercial  designs  were  produced  and  were  subjected 
to  rather  thorough  laboratory  tests  at  the  same  time 
tests  were  made  on  insulators  of  the  proposed  design. 
It  should  be  noted  that  the  insulators  of  the  new  type 
used  in  the  comparative  tests  do  not  exactly  correspond 
to  the  proportions  of  Fig.  6.  In  order  to  lessen  the 
cost  of  investigation,  insulator  sheds  of  several  dia- 
meters were  obtained  from  one  set  of  molds  by  tram- 
ming the  individual  shells  before  burning.  This  also 
accounts  for  the  unfinished  appearance  of  the  edge?  of 
the  sheds,  etc.,  in  some  of  the  experimental  designs. 

In  the  following  comparison  it  is  not  assumed  that 
the  evolved  design  should  be  final  in  each  detail.  The 
main  goal  toward  which  work  is  being  directed  is  uni- 
formity of  all  the  elements  entering  into  the  designs 


termined  as  in  the  investigation  of  the  theoretical  de- 
signs. It  is  believed  that  the  following  field  forms  and 
illustrations.  Figs.  8  to  20  inclusive,  sufficiently  indicate 
that  many  present  types  have  not  been  designed  with  a 
full  appreciation  of  the  advantages  of  shapes  that  con- 
form to  the  electrostatic  flow  lines  in  obtaining  the  most 
efficient  distribution  of  the  stresses  in  the  dielectric  field. 

Fig.  8  (insulator  C)  gives  the  dielectric  field  of  a 
unit  of  the  type  used  in  the  early  developments  of  high 
voltage  transmission.  The  air  between  sheds  just  be- 
low the  cement  section  is  highly  stressed.  Because  of 
the  height  of  the  pin  in  proportion  to  other  dimensions 
of  the  unit  the  stress  toward  the  base  of  the  pin  and  the 
suporting  cross  arm  is  very  low.  Moreover,  the  third 
shell  of  the  insulator  is  spaced  so  close  to  the  insulator 
pin  that  it  does  not  take  its  proportion  of  voltage  stress 
when  either  dry  or  wet  flashover  occurs. 

Fig.  9  (insulator  D)  shows  the  dielectric  field  of  a 
three  piece  insulator  of  a  somewhat  more  recent  design. 


-DIELECTRIC    FIELD    AROUND 
INSULATOR   F 


FIG.    12 — DIELECTRIC    FIELD    AROUND 
INSULATOR    P 

With  the  upper  surfaces  of  the  rain 
sheds  covered  with  a  conducting  paint. 


FIG.    13 — DIELECTRIC    FIELD    AROUND 
INSULATOR   F 

Equipped  with  Nicholson  arcing  rings. 


with  the  idea  in  view  of  arriving  at  a  type  of  design 
which  will  be  equally  successful  in  resisting  failure  in 
service  whatever  the  requirements  are  in  that  particular 
section.  In  the  following  comparisons  the  items  caus- 
ing failure  in  service  are  discussed  in  the  order  given 
at  the  beginning  of  the  paper. 

/ — Dielectric  Field  Distribution — The  shortest  air 
path  under  electrostatic  stress  should  be  at  least  long 
enough  to  prevent  overstressing  of  the  air  at  any  point. 
In  the  previous  theoretical  discussions  it  was  proved  that 
vvherever  porcelain  and  air  are  in  series  in  a  dielectric 
field  the  voltage  gradient  per  unit  distance  through  the 
porcelain  will  be  !/4  to  1/5  the  voltage  gradient  through 
the  air.  It  is  obvious  that  any  thin  section  of  air  be- 
tween porcelain  sheds  of  a  customary  line  insulator 
will  be  over-stressed  even  at  the  normal  line  voltage 
of  the  insulator. 

In  order  to  make  a  comparison  of  the  dielectric 
fields  of  various  insulators,  their  field  forms  were  de- 


The  center  shed  is  better  spaced  than  in  insulator  C. 
However,  the  air  just  below  the  cement  sections  is 
highly  stressed  and  the  short  rain  shed  of  the  second 
shell  gives  an  unequal  voltage  distribution  at  flashover, 
dry  or  wet. 

Fig.  10  (insulator  E)  shows  the  dielectric  field  ot  a 
four-piece  unit  of  comparatively  recent  design.  The 
sheds  of  this  design  are  more  uniformly  spaced,  but  the 
air  between  sheds  just  below  the  cement  sections  is 
highly  stressed.  The  stress  throughout  the  dielectric 
field  of  this  unit  is  an  improvement  over  the  types  C  and 
D.  However,  the  short  second  shed  and  protected 
fourth  shed  give  unequal  voltage  distribution  at  flash- 
over  dry  or  wet. 

Fig.  II  (insulator  F)  shows  the  dielectric  field  of  a 
unit  of  the  proposed  design.  The  shortest  air  path  be- 
tween shells  is  sufficient  so  that  the  air  is  not  over- 
stressed  at  the  working  voltage  of  the  insulator  or  until 
flashover   occurs.      Moreover,   the   rain   sheds   are    so 


THE  ELECTRIC  JOURNAL 


spaced  that  each  section  of  the  unit  takes  its  share  of 
the  stress  at  flashover,  dry  or  wet. 

Fig.  12  shows  the  dielectric  field  of  insulator  F 
having  the  upper  surfaces  of  the  rain  sheds  covered  with 
a  conducting  paint.  This  field  form,  which  approxi- 
mates the  rain  conditions,  indicates  that  the  stress  per 
shell  on  the  unit  during  rain  would  be  approximately 
equal.  Moreover  it  indicates  that  the  stress  in  the  di- 
electric field  is  more  uniform  during  rain. 

Fig.  13  shows  the  dielectric  field  of  insulator  F  when 
equipped  with  Nicholson  arcing  rings,  and  indicates 
that  the  most  highly  stressed  portion  of  the  field  about 
the  insulator  is  not  changed.  However,  the  most  highly 
stressed  portion  of  the  field  between  the  line  wire  and 
tlie  cross  arm  is  now  between  the  arcing  rings  and 
flashovers  would,  therefore,  occur  between  the  rings. 

Fig.  14  shows  the  dielectric  field  of  insulator  F 
when  static  shields  are  placed  at  the  top  and  base  of  tlie 


FIG.    14 — DIELECTRIC    FIELD    AROUND    INSULATOR    F 

With  Static  shields  at  top  and  base  of  the  insulator. 

insulator.  This  combination  would  give  a  very  fine  dis- 
tribution of  stresses  in  the  dielectric  but  would  be 
rather  expensive  commercially. 

60-CYCLE  FLASHOVER  TESTS 

Flashover  on  most  of  the  older  insulator  types  is 
caused  by  the  corona  formation  at  the  line  and  tie  wires 
and  the  edges  of  the  cement  joints  between  shells.  As 
the  voltage  applied  to  the  insulator  is  increased,  the  area 
of  the  corona  formation  increases  and  static  streamers 
gradually  spread  over  the  surface  of  the  insulator 
sheds.  The  static  streamers  increase  in  length  until  the 
air  insulation  between  them  finally  fails  and  flashover 
follows.  Obviously,  the  path  of  the  flashover  will  start 
along  the  path  of  these  streamers.  Trouble  may  thus 
be  caused  by  the  intense  heat  of  the  power  arc  and  the 
rain  sheds  may  be  stripped  from  the  insulator. 

In  the  proposed  type  of  design  there  are  no  static 
streamers  from  the  edges  of  the  cement  section  be- 
tween shells  up  to  flashover  voltage.  The  corona  form- 
ation at  the  tie  and  line  wires  therefore,  builds  up  until 
flashover  occurs  by  breaking  down  an  air  path  between 
the  line  and  pin  or  cross  arm.     The  proof  of  these 


statements  may  be  seen  in  the  following  illustrations. 
The  axes  of  the  two  units  in  each  of  Figs.  18,  19  and 
20,  giving  comparative  flashovers,  were  at  the  same  dis- 
tance from  the  camera  lens  and  hence  the  dimensions 
are  directly  comparable. 

The  difference  in  the  stress  in  the  air  around  the 
insulators  just  below  flashover  voltage  dry  was  very 
marked.  Insulators  of  the  proposed  type,  F,  G  and  / 
in  Figs.  18,  19  and  20,  showed  no  appreciable  corona 
except  at  the  line  and  tie  wires  until  flashover  oc- 
curred. Static  streamers  began  to  spread  out  over  the 
surfaces  between  sheds  of  insulators  H  and  /  at  80 
percent  flashover  voltage  and  the  arc  therefore  formed 
over  the  insulator  surface.  Of  course  the  old  type  de- 
sign in  Fig.  20  has  been  entirely  superseded,  but  it 
clearly  indicated  the  entire  neglect  of  a  consideration 
of  the  dielectric  field. 

The  difference  in  distribution  of  stress  before  wet 
flashover  is  even  more  noticeable.  In  insulators  H  and 
/  the  unequal  spacing  of  rain  sheds,  combined  with  a 
highly  stressed  air  between  the  sheds  below  the  cement 
sections,  produces  preliminary  discharges   (marked  p) 


FIG.    IS— INSULATOR  FIG.    l6 — INSULATOR  FIG.    I? — INSULATOR 

"       J  K  H 

between  the  sheds.  These  preliminary  discharges  throw 
electrical  impacts  onto  parts  of  the  insulator  and  short 
circuit  portions  of  the  porcelain  between  the  line  and 
pin.  Consequently,  when  a  line  surge  occurs  during  a 
rain  storm  or  when  the  unit  is  wet  and  dirty,  the  factor 
of  safety  of  these  insulators  in  resisting  puncture  or 
flashover  is  actually  no  more,  and  sometimes  is  less, 
than  it  would  be  minus  one  of  the  shells. 

Insulators  F,  G  and  /  of  the  proposed  design  show 
no  preliminary  discharges  except  static  from  the  tie  or 
line  wires  to  the  pin  or  cross  arm.  Static  discharges 
(marked  s)  are  shown  in  Fig.  19.  All  of  the  leakage 
surface  and  the  thickness  of  porcelain  between  the  line 
and  the  pin,  are,  therefore,  effective  up  to  failure  by 
flashover. 

2 — Surface  Leakage — Table  II  gives  the  resistance 
per  shell  of  various  insulators  tested  during  this  in- 
vestigation. The  values  were  obtained  by  an  integra- 
tion of  the  surface,  i.e.,  surface  resistance  equals  I  ^-jj:-^, 
where  d  s  \s  an  element  of  surface  and  y  the  radius  of 
that  element  from  the  axis  of  the  insulator. 

It  is  obvious  from  Table  II  that  certain  of  the  older 
designs  especially  those  having  a  short  second  shell,  long 
inner  shells,  etc.,  have  a  very  unequal  surface  resistance 
per  shell.  If  the  insulator  surface  becomes  dirty  and 
wet,  so  as  to  pass  a  leakage  current  of  even  a  thousandth 
of  an  ampere,  tlie  voltage  distribution  would  depend 
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FIG.    18 — 60   CYCLE   DRY    FLASH    OVER    ON    INSULATORS    G    AND    d 

The  design  of  insulator  H  is  shown  in  Fig.  17. 


-     •  ^ 

5   ^^^2 

FIG.    19 — 60   CYCLE   WET   FLASH    OVER   ON    INSULATORS   /  AND   / 

The  design  of  insulator  J  is  given  in  Fig.  15.     Insulator  /  is  of  the 
proposed  type  similar  to  the  unit  shown  in  Fig.  6. 


upon  this  current  and  the  capacity  current 
could  be  neglected.  The  voltage  gradient  over 
the  insulator  surface  thus  often  becomes  suffi- 
cient to  cause  discharge  between  the  sheds  and 
pin  or  cross  arm  or  over  the  short  sheds.  An 
electrical  impact  is  thereby  applied  to  parts 
of  the  insulator  and  portions  of  the  porcelain 
body  between  line  and  pin  are  short  circuited. 
It  is  believed  that  the  continued  overstressing 
of  parts  has  been  the  cause  of  many  insulator 
failures  in  the  past. 

The  surface  resistance  of  the  proposed  ■ 
designs  as  typified  by  insulators  A  and  B  in 
Table  II  is  gradually  increased  from  the  top 
to  the  center  shed,  the  increase  being  con- 
sidered as  an  advantage,  since  the  center  sheds 
will  usually  become  dirtiest. 

A  novel  feature  of  the  proposed  design 
is  illustrated  in  Fig.  21  showing  insulators 
D,  E,  F  and  H.  These  units  were  set  on  a 
cross-arm,  line  and  tie  wire  attached  as  in 

TABLE  II— SURFACE  RESISTANCE  PER 
SHED  IN  PERCENT  OF 
TOTAL  RESISTANCE 


Insulator 

Number  of  Shed 

First 

1  Second 

Third 

Fourth 

A 

28 

30 

42 

B 

45 

55 

E 

14 

13 

32 

41 

F 

26 

29 

45 

G 

26 

31 

43 

H 

18 

29 

48 

I 

12 

16 

32 

40 

K 

15 

II 

30 

44 

FIG.    20 — INSULATION    F    IN    PARALLEL    WITH    A    UNIT   OF    E(\RLY    DE  SIGN 


service,  voltage  applied  and  plaster  of  paris 
dust  blown  around  them.  The  surfaces  along 
the  lines  a  of  the  proposed  design  (Fig.  6)  are 
practically  free  of  dust. 

The  reason  for  this  is  quite  apparent.  All 
the  force  acting  in  the  dielectric  field  along 
this  surface  a  is  tangential  and  would  tend  to 
force  the  particles  to  the  sheds  above  or  be- 
low. The  same  action  was  noted  when  the 
units  were  subjected  to  atomized  salt  water. 
This  feature  would  doubtless  have  some  value 
in  dust  laden  sections  since  the  dust  would 
tend  to  settle  mostly  on  the  lower  shed  and 
rain  and  wind  would  clean  this  to  some  extent. 

It  is  necesary  to  clean  the  insulators  in 
long  portions  of  line  in  certain  sections  of 
country  as  the  coast  districts  of  California. 
It  is  very  apparent  that  the  proposed  type  of 
design  may  be  cleaned  much  more  readily  and 
thoroughly  than  any  of  the  older  types. 

3 — Porosity — The  deterioration  of  porce- 
lain insulators  in  service  was  given  little  con- 
sideration during  the  early  days  of  transmis- 
sion engineering.  The  majority  of  transmis- 
sion engineers  preferred  an  insulator  having  a 


Showing  the  corona  formation  a    nd    static    discharge    over    the   head     porcelain  bodv  which  offered  a  high  resistance 
d  between  the  head  and  second  shell  of  the  old  type  unit.     The  camera  ,.',,,  . 


exposure  was  45  seconds  at  F-8. 


to  mechanical  breakage.     As  a  consequence, 
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the  porosity  of  the  material,  which  varies  inversely  with 
the  mechanical  strength  as  regards  resistance  to  me- 
chanical impact,  was  considered  of  secondary  import- 
ance. The  results  that  this  condition  have  caused  in 
service  have  been  clearly  presented.*  Since  porosity 
is  a  function  of  the  body  compositions,  manufacturing 
processes  and  burning,  more  scientific  and  painstaking 
factor)'  control  must  minimize  its  effect  in  the  future. 
4 — Mechanical    Breakage — (a)     From    Handling: 


The  increase  of  thickness  of  the  rain  sheds  and  addition 
of  a  drip  edge  will  materially  decrease  the  percentage 
loss  from  this  cause. 

(b)  Mischievous  Stone  Throwing  and  Rifle  Shoot- 
ing:— Figure  i8  shows  the  dry  flashover  on  units  G  and 
H,  and  Table  III  gives  the  flashover  voltages  of 
broken  units  in  percent  of  the  unit  when  unbroken. 
Figure  19  shows  the  wet  flashover  on  units  /  and  /  and 
Table  IV  gives  comparative  flashovers  of  broken  units, 
as  in  Table  III.  Figs.  22,  23  and  24  show  the 
flashovers  on  units  having  broken  sheds. 

As  would  be  expected  from  a  study  of 
the  dielectric  field  diagrams,  the  breaking  of 
the  second  shed  of  the  proposed  type  of  de- 
-ifjn  has  practically  no  effect  upon  the  flash- 
civer  values  of  the  insulator.  In  fact,  as 
shown  in  the  illustrations,  the  paths  of  the  dry 
and  wet  flashovers  did  not  follow  over  the 
broken  shed.  When  sheds  are  broken,  the 
corona   formation  and  static  streamers  build 


FIG.    21 — THE  SURFACES   OF  THE   NEW  DESIGN  DO   NOT  READILY  COLLECT   DUST 


FIG.    22 — Cr)    CVCLE    DRY    FLASH    OVEK    TESTS    WITH    SECOND    SHELL   BROKEN 


TABLE   III— KILOVOLTS   FLASHOVER 


Sheds 
Broken 

Top 

Second 

Second 

and 
Third 

Illustrated  in  Fig. 

22             23 

24 

Dry  or  wet 
Insulator  G 
Insulator  H 

dry 
85 
79 

wet 

80 

77 

dry 

ICO 

82 

wet 
100 
97 

dry]  wet 
68     74 
54     70 

TABLE  IV 

—KILOVOLTS  FLASHOVER 

1 

Sheds                   ^ 
Broken                 Top 

Top  and 
Third 

All  sheds 

Dry  or  wet  . . 
Insulator  /   . . 
Insulator  /   . . 

dry 
87 
85 

1      dry 
78 
70 

dry           wet 
59             3,0 
34             15 

out  over  the  surface  of  the  older  type  of  de- 
sign at  a  lower  voltage  than  when  the  units  are 
intact.  The  paths  of  flashover  over  these 
older  types,  therefore,  follow  the  surface  of 
the  insulator.  In  the  proposed  type  of  design 
the  absence  of  streamers  from  the  porcelain 
surface  causes  the  arc  to  keep  clear  of  the  in- 
sulator. A  power  arc  will,  therefore,  be  less 
liable  to  cause  complete  failure  of  a  broken 
unit  of  the  proposed  design. 

One  of  the  most  important  features  of 
the  proposed  design  is  that  when  the  units  are 
hit  by  stones,  etc.,  the  rain  sheds  will  not  crack 
or  break  beyond  line  a  Fig.  6,  due  to  the  shape 
of  the  individual  parts.  The  rain  sheds  of  the 
older  types  of  designs  when  hit  are  very  likely 
to  crack  or  break  up  into  the  cemented  section. 
The  first  voltage  surge  or  even  normal  line 
voltage  will,  therefore,  often  puncture  the  re- 


FIG.    23 — 60  CYCLE   WET   FLASH   OVER   TESTS    WITH    SECOND    SHELL   BROKEN 


*"Ceramics  in  Relation  to  the  Durability  of 
Porcelain  Suspension  Insulators,"  Trans.  A.I.E.E., 
Vol.  XXXV,  1916. 
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maining  shells.  In  fact,  in  the  two  series  of  tests  photo- 
graphed, both  the  older  type  of  units  punctured  during 
the  dry  arcover  after  the  sheds  were  broken. 

One  each  of  units  H,  I  and  K  and  two  of  /  were 
subjected  to  rifle  shots.  Twenty-two  caliber  long  bul- 
lets were  shot  at  the  insulators  from  about  30  yards 
distance  and  in  a  line  at  45  degrees  to  their  axes.  Figs. 
25,  26  and  27  show  tlie  comparative  breakage  and  the 
ability  of  the  broken  units  to  thereafter  withstand  elec- 
trical test.     The  shooting  was  done  by  men  disinterested 


FIG.  24- 


-60    CYCLE    DRY    FLASH    OVER    TESTS   WITH    SECOND   AND  THIRD   SHELLS 
BROKEN 


c— 

i 

' 

i  < 

M 

m 

Ml 

^H 

1^ 

^H 

'^M 

E 

k;^ 

*y     J 

H 

n 

1 

X 

FIG.    25 — F.FFECT   OF    I5    RIFLE   SHOTS 


FIG.    26 — EFFECT  OF  RIFLE   SHOTS 


-60   CYCLE   DRY    FLASH    OVER    TESTS    AFTER    BREAKAGE   FROM 
RIFLE   SHOTS 


in  the  design  of  the  insulators  who  were  requested  to 
do  as  much  damage  as  possible. 

Fig.  25  shows  insulators  /  and  /  after  15  shots  were 
fired  at  each.  The  top,  second  and  third  shells  of  / 
were  broken,  the  second  shell  being  cracked  into  the 
cemented  section.  The  second  shell  of  /  was  chipped 
in  two  places,  the  rest  of  the  insulator  being  intact. 
Fig.  26  shows  insulators,  H,  K  and  /  after  14  shots  were 
fired  at  //,  12  at  i^  and  28  at  /.  The  second  and  center 
shells  of  H  were  cracked  and  the  center  of  K.  The 
sheds  of  /  were  chipped  off  in  a  few  places 
but  the  shells  were  not  cracked.  These  five 
units  were  then  set  with  their  axes  at  rght 
angles  to  the  line  of  fire.  Not  more  than  5  or 
10  shots  were  necessary  to  strip  the  main  part 
of  the  remaining  sheds  from  insulators  H,  K 
and  /  while  one  unit  of  type  /  still  retained  a 
considerable  portion  of  its  sheds  after  ap- 
proximately 100  shots  had  been  fired  at  it. 
The  sheds  remaining  on  the  two  units  /  were 
then  knocked  off  by  a  hammer,  to  illustrate  to 
those  present  that  the  surface  of  the  insulator 
that  follows  flow  line  a  would  not  be  cracked 
thereby. 

Fig.  27  shows  the  first  dry  flashover  test 
made  on  these  units  after  the  shooting.  Units 
H,  K  and  /  punctured  at  33,  43  and  56  kilo- 
volts,  respectively.  Unit  /  of  the  proposed 
type  of  design  flashed  over  at  a  105  kilovolts, 
the  remaining  porcelain  body  bounded  by  line 
a  still  being  intact. 

(c)  Insufficient  Strength  as  a  Support: 
Two  samples  as  per  Fig.  28,  were  tested  to 
determine  the  resistance  to  side  pull.  In  each 
case  load  was  applied  at  the  wire  groove  which 
was  one  foot  from  the  base  of  the  pin.  The 
parts  from  which  insulator  L  was  formed 
were  obtained  by  trimming  off  the  rain  sheds 
of  individual  shells  of  unit  /  before  burning 
and  the  mechanical  test  should,  therefore,  be 
about  the  same  as  that  of  unit  /.  The  pin  of 
unit  L  was  cemented  directly  into  the  insula- 
tor. A  separable  pressed  steel  thimble  was 
cemented  into  insulator  F.  The  one-inch  bolt 
of  the  pin  cemented  into  insulator  L  failed  at 
4400  ft-lb.,  and  3100  ft-lb.  bent  the  pin  of  in- 
sulator F  as  shown,  the  position  of  the  insula- 
tor being  such  that  additional  load  could  not 
be  applied.  Both  units  were  electrically  intact 
after  these  tests. 

(d)  Brittle  Material:  All  units  used  in 
these  comparative  tests  were  made  of  the  same 
porcelain  body  and  hence  the  question  of 
brittleness,  which  is  a  ceramic  problem,  does 
not  enter. 

5 — Lightning— li  is  generally  conceded 
that  a  direct  stroke  of  lightning  will  destroy 
any  insulator  that  comes  within  its  wake. 
However,  some  of  the  older  designs,  especially 
those  having  deep  inner  shells  and  heads  of 
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large  diameter,  were  very  vulnerable  to  any  sudden  im- 
pact voltage.  In  the  first  place,  the  impulse  ratio 
(flashover  voltage  at  high  frequency  divided  by  flash- 
over  voltage  at  normal  frequency)  of  such  insulators  is 
rather  high,  and  in  the  second  place  the  ratio  between 
flashover  voltage  in  air  and  puncture  voltage  under  oil 
is  comparatively  low.  Furthermore,  the  body  of  the 
porcelain  bounded  by  the  flow  lines  o  should  have  an 
impulse  ratio  close  to  one.  A  very  high  impulse  vol- 
tage might,  therefore,  puncture  through  the  rain  sheds 
of  the  insulator,  leaving  this  body  of  the  unit  intact. 
The  thicker  section  of  porcelain  between  line  and  pin 
will  also  materially  increase  the  factor  of  safety  of  the 
unit. 


FIG.   28 — RESISTANCE  TO   SIDE  PULL 

6 — Unequal  Expansion  of  Metal,  Cement  and 
Porcelain — The  introduction  of  a  resilient  material  be- 
tween the  tops  of  shells  should  eliminate  the  tendency  of 
certain  older  designs  to  split  off.  Greater  radii  of 
curvature  at  the  tops  of  the  insulator  shells  and  a 
cement  section  sloped  from  tlie  axis  should  tend  to 
eliminate  the  trouble  from  any  difference  of  coefficient 
of  expansion  of  the  porcelain  and  cement. 

7 — Internal  Stresses  in  the  Material — Internal 
stresses  set  up  in  the  insulator  parts  during  manufacture 
should  be  very  much  decreased  by  the  elimination  of 
small  radii  in  corners  and  sudden  changes  of  cross 
section  of  the  material. 

CONCLUSIONS 

Briefly  stated,  it  is  believed  that  the  advantages  of 


the  proposed  type,  Fig.  6,  over  the  older  commercial 
types  in  resisting  failure  in  service  would  be  as  follows : 
I — When  the  insulator  is  dry,  the  corona  and  static 
formations  are  practically  limited  to  the  tie  wire  and 
line  wire,  up  to  flashover  voltage. 

2 — When  the  insulator  is  wet,  no  corona  or  static 
formation  occurs  up  to  the  flashover  voltage.  The 
flashover  voltages  for  given  overall  dimensions  are 
thereby  increased. 

3 — The  leakage  resistance  per  shell  is  increased 
gradually  from  the  head  to  tlie  center  shell.  This  takes 
into  account  the  probability  of  the  lower  sheds  becoming 
dirtier  than  the  tops.  The  voltage  distribution  per  shell 
is,  therefore,  equal  when  the  insulator  becomes  dirty 
and  wet  and  a  heavy  leakage  current  passes 
over  the  insulator. 

4 — Since  the  capacity  per  shell  is  about 
equal,  the  voltage  distribution  per  shell  will  be 
equal  when  the  insulator  is  clean  and  in  dry 
air. 

5 — Since  the  distribution  of  voltage  per 
shell  depends  upon  the  capacity  current  and 
leakage  current,  the  distribution  of  voltage 
per  shell  in  these  designs  should  be  approxi- 
mately equal  under  all  operating  conditions. 

6 — The  resistance  of  the  insulator  to  side 
pull  for  a  given  weight  and  given  electrical 
strength  is  relatively  high.  This  is  due  to  the 
feature  of  the  design  whereby  the  flow  line  a 
of  the  electrostatic  field  and  the  mechanical 
stress  lines  coincide. 

7 — The  design  of  the  individual  shells  is 
such  that  when  they  are  tested  before  as- 
sembly the  surface  conforms  to  the  electrostatic  floW 
lines  a.  This  allows  testing  of  the  individual  parts  to 
a  higher  percentage  of  service  voltage  than  was  pos- 
sible with  the  individual  shells  of  older  designs. 

8— Due  to  the  shape  of  individual  parts  and  of  the 
assembled  unit,  the  insulator  sheds  when  hit  by  stones, 
rifle,  balls,  etc.,  do  not  break  beyond  the  surface  a.  The 
unit,  therefore,  offers  a  considerable  percentage  of  its 
original  resistance  to  flashover  after  the  sheds  are 
broken.  The  same  feature  tends  to  protect  the  insulator 
from  complete  failure  during  flashover  in  service. 

9 — Each  characteristic  of  the  insulator  which 
would  vitally  affect  durability  in  service  has  been  treated 
uniformly  throughout  the  line. 


For  the  UiiitcsJ  Siaics  Army 

T.   D.   I.Y.vcn 

Rcseai'ch  Engiiieur, 

Westinghouse  Electric  &  Mfg.   Co. 
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THE  Pittsburgh  District  has  quietly  done  its  share 
in  winning  the  war  by  furnishing  large  quantities 
of  shells,  together  with  the  many  other  supplies 
needed  by  the  United  States  and  Alhed  forces.  In 
order  to  accomplish  these  results  it  has  been  necessary 


and  yet  this  is  but  one  of  the  many  organizations  carry- 
ing on  this  and  similar  war  work  in  and  about  Pitts- 
Inirgh.  These  shells  were  manufactured  at  five  differ- 
ent plants  of  the  Company  and  were  for  both  the  British 
,in(l  the  I'nited  States  riovernnient. 


FIG.    I — A    GENERAL    VIEW    OF    SHADYSIDE    PLANT 

Showing  the  yard  storage  and  crane  handling  device  with  seven  shells  suspended  on  lifting  fork. 


to  utilize  every  available  facility  and  make  use  of  ex- 
isting buildings  with  and  without  extensions,  to  rear- 
range standard  machines  and  supplement  with  special 
equijiment,  to  reduce  standard  materials  to  the  form 
and  quality  needed  and  to  make  use  of  the  labor  avail- 


The  following  is  a  description  of  tlje  Shadyside  Plant 
of  the  Company,  which  was  equipped  to  manufacture 
six  inch  shells  at  the  rate  of  3000  per  day,  working  day 
and  night.  The  Company  had  laid  out  and  equipped 
four  other  shell  manufacturing  plants  when  the  prob- 


FIG.    2 — SIDE    VIEW    OF    SHELLS    IN    DIFFERENT    STAGES    OF    MANUFACTURE 

From  the  left  to  right:  rough  forging;  rough  turned;  nose  swedged ;  bored  and  faced;  finish  turned;  band  groove  cut  and 
waved;  band  swedged;  band  turned;  finished  shell. 


able,  both  skilled  and  unskilled.  The  extent  of  this  work 
is  indicated  by  the  fact  that  a  single  firm  (The  West- 
inghouse Electric  &  Mfg.  Company)  has  shipped 
10  000  to  15000  finished  shells,  weighing  1000  000  to 
I  300  000  pounds,  daily  during  a  period  of  many  weeks 


lem  was  presented  of  changing  over  the  Shadyside  plant 
from  the  manufacture  of  automobile  equipment  to  that 
of  shells.  Thus  there  was  ample  opportunity  to  lay  cut 
the  routing  of  the  shells  through  the  plant  so  as  to  re- 
quire  the  minimum   amount  of  handling.     The   shells 
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Operation 

No.  1 

Operation  No.  37 


Open  I — Layout  to  cut  off 
open  end. 

I        Oper.     2 — Cut     off     open 
end. 

Oper.  3 — Face  base  end. 

Oper.  4 — Center  base  end. 

Oper.  5  —  Rough  turn 
body. 

Oper.  6 — First  bore  and 
face    open    end. 

Oper.  7 — Second  bore. 

Oper.   8 — Finish   bore. 

Oper.   9 — Re-center. 

Oper.  10 — Turn  for  con- 
centricity and  true  up  base 
end. 

Oper.  12 — S wedge  nose 
end. 

Oper.  13  —  Heat  and 
quench  in  oil. 

Oper.   14 — Draw   temper. 

Oper.  16  —  Rough  drill 
nose   end. 

Oper.  16A — Rough  face 
nose  end. 

Oper.  17 — Bore,  chamfer, 
face,  undercut,  ream,  cut 
inside  radius  and  tap  nose 
end. 

Oper.  18  —  liough  turn 
nose. 

Oper.  19  —  Finish  turn 
nose  and  body. 

Oper.  20 — Grind  bourre- 
let. 

Oper.  23  —  Remove  boss 
face  for  weight  and  cut 
bevel. 

Oper.  24  —  Cut  band 
groove  and  wave. 

Oper.  20  —  Cut  calking 
groove. 

Oper.  29 — S  wedge  in  cop- 
per  band. 

Oper.  30 — W  ash  with 
alkali. 

Oper.  31 — \V  a  s  ■.!  with 
water. 

Oper.  32 — Clean  with  shot 
blast. 

Oper.  33 — Varnish  inside 
of  shell. 

Oper.  34— Stamp  shipping 
serial   number   on    shell. 

Oper.    35— Fit    in    copper 

9,     base  disk. 

Oper.  37 — Finish  copper 
band. 


FIG.    3— CHART   SHOWING  CHANGES   IN   THE  SHAPE  OF   THE    SHELL   AT   THE    SUCCESSIVE   OPERATIONS 
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are  moved  from  one  machine  to  another  and  from  floor 
to  floor  on  double  roller  conveyors  and  continuously-op- 
erated elevators.  The  shells  come  to  the  workmen  on 
the  upper  conveyors  and,  after  completing  each  opera- 
tion, the  workmen  place  thciii  on  the  lower  conveyors 


into  round  cornered  billets.  These  billets  are  notched 
on  the  side  at  proper  intervals  with  a  saw  or  acetylene 
torch.  They  are  then  placed  under  a  hammer  or  quick 
acting  press  and  broken  into  slugs  of  proper  weight  to 
make  a  single  shell.  These  slugs  are  piled  with  both 
ends  exposed  and  careful  inspection  is  made  of  the 
fresh  fractured  surfaces.       y\ll  slugs  showing  signs  of 


HL,     4  —LI  Ml  1   IM,    01  1  k      II   IN 

A  jig  is  mounted  on  trunnions  which  are  hrmly  attached 
to  a  drill  press  The  "^hell  is  rcceued  over  the  roller  conveyors 
at  the  left  and  pushed  ovei  the  mandrel  m  the  jig,  which  in 
turn  is  quickly  revolved  about  its  trunnions  into  the  position 
shown. 

and  send  them  on  to  the  next  operation.  As  a  result 
the  machines  are  fed  from  a  continuous  supply  so  that 
no  space  is  wasted  in  storage  between  operations,  thus 
permitting  a  compact  arrangement  of  machines. 

FORCINGS 

The  shell  forgings  are  furnished  by  the  United 
States  Government  and  are  produced  from  steel  made 
on  specifications  calling  for  carbon  0.41;  to  0.63  percent. 


FIG.    6 — r.ORING    OPERATION 

The  shell  is  held  in  the  lathe  head  by  a  quick  acting 
mechanical  chuck.  The  rigid  boring  bar  carries  a  form  tool 
with  four  cutting  edges,  each  cutting  edge  being  notched  as 
shown. 

piping  or  undue  segregation,  as  indicated  by  flaws  or 
discoloration,  are  discarded  and  only  the  perfect  slugs 
are  used  in  the  manufacture  of  shells. 

The  slugs  are  then  heated  in  a  continuous  furnace 
tc  a  forging  heat  of  1000  to  iioo  degrees  C.  (1830  to 
2000  degrees  F.)  and  removed  from  the  furnace  to  a 
press  where  they  are  placed  in  a  pot  die,  upset  and 
pierced,  forcing  the  material  to  flow  up  and  around  the 
piercer  plunger,  yet  confining  it  within  the  pot  die,  re- 
sulting in  the  rough  forging  as  furnished  the  machiner. 
In  some  forge  shops,  the  rough  forging  is  passed 
through  a  draw  bench  to  bring  it  to  a  more  uniform  size. 


FIG.    5 — ROUGH  TURNING  OPERATION 

The  lathe  is  large  and  rigid  so  that  heavy  cuts  can  be  taken, 
manganese  0.50  to  0.90  percent,  phosphorous  not  over 
0.06  percent,  sulphur  not  "over  0.06  percent,  and  silicon 
o.io  to  0.35  percent.  This  composition  gives  a  steel  that 
lends  itself  readily  to  heat  treatment.  The  steel  is  made 
in  the  open  hearth  furnace,  cast  into  ingots  and  rolled 


FIG.    7 — TURNING    FOR    CONCENTRICITY 

Three  cutting  tools  are  used.     The  two  turning  tools  are 
fed  automatically  while  the  facing  tool  is  fed  by  hand. 

The  slugs  must  be  heated  uniformly  and  the  presses 
kept  in  perfect  alignment  in  order  to  produce  a  concen- 
tric shell  forging.  After  final  forming  at  the  press  or 
draw  bench  they  should  be  cooled  uniformly  and  slowly 
with  the  object  in  view  of  making  them  readily  machin- 
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able.  Annealing  or  pit  cooling  after  forging  gives  most 
satisfactory  machining  qualities.  A  code,  indicating 
the  manufacturer,  as  well  as  the  heat  of  steel  from 
which  the  forgings  are  made,  is  maintained  on  each 
piece  of  steel  and  on  the  finished  shell,  so  that  a  com- 
plete history  of  each  shell  is  known. 


where  they  are  piled  by  heats  in  classes  I,  II,  or  III,  de- 
pending upon  the  hardening  numeral.  The  hardening 
numeral  is  the  sum  of  three  times  the  carbon,  plus  the 


FIG.    S — NOSl.Ni,     hUKNAtts 

The  furnaces  are  provided  with  cast-iron  water-cooled 
fronts,  having  holes  for  si.x  shells  in  each  luiit.  A  shell  with 
end  heated  is  shown  on  the  rcllcr  conve>or  in  the  foreground, 
on  the  way  to  the  nosing  press.  The  furnaces  are  fed  by 
movable  conveyors  which  in  turn  get  their  supply  from  station- 
ary conveyors  on  which  the  shells  come  in  from  the  rear  of 
the  furnaces. 

The  forgings  are  received  on  flat  cars  and  unloaded 
with  a  crane.  A  specially  designed  lifting  fork  is  used, 
having  seven  prongs,  each  of  which  extends  into  a  shell 


FIG.    9 — NOSING-IN    PRF.SS 

Sh(  lis,  with  the  open  end  heated  come  on  the  movable 
conveyors  directly  from  the  surrounding  furnaces,  are  placed 
in  the  power  press  as  shown  and  nosed  in. 

as  shown  in  Fig.  i.  The  forgings  are  stored  in 
the  yard  or  are  placed  on  roller  conveyors  which  take 
them  by  gravity  to  the  storage  space  in  the  basement, 


FIG.    10 — ONE    OF    THE    HE.\T-TKF.\TIXG    FURNACES 

The  shells  are  rolled  through  the  furnace  in  double  rows, 
the  nose  ends  being  towards  the  middle  of  the  furnace. 
Double  doors  are  arranged  at  each  end  to  provide  the  least 
possible  opening  when  shells  are  put  in  or  taken  from  furnace. 
The  conveyor  at  the  right  leads  to  the  corresponding  quenching 
tank. 


manganese  content. 


Class  I 
Class  II 
Class  III 


Thus, — 

Cari'.on 

0.45  to  0.51 
0.52  to  0.58 
0.57  to  0.63 


Hardening  Numeral 

2.05  to  2.30 
2.22  to  2.47 
2.40  to  2.65 


The  shell  forgings  are  coded  and  passed  through 
the  consecutive  operations  in  separate  classes  so  far  as 


fig.    II — QUENCHING    TANKS 

The  roller  conveyor  in  the  foreground  delivers  each  shell 
into  the  position  shown  at  the  ingoing  end  of  the  tank.  It  is 
then  lowered  automatically  into  the  (pienching  oil.  The  hood 
collects  the  fumes  from  the  quenching  oil.  An  elevator  re- 
moves the  shell  automatically  from  the  other  side  of  the  tank 
and  drains  it  as  shown  near  the  top  of  the  elevator. 

possible,  the  heat  code,  indicating  the  class,  being  kept 
on  the  forging  during  all  subsequent  operations. 

At  the  Shadyside  plant  forty-three  distinct  opera- 
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tions  are  involved  in  converting  a  shell  forging  into  a      is    shown    in    Fig.    5.     The    outside    diameter    is    then 
completed  six  inch  shell  ready  to  receive  the  charge  of      checked  for  size. 
T.N.T.  or 

Beginning       __     -  00-         - 

The  boring  of  the  shell  is  divided  into  three  opera- 
tions, (6,  7,  and  8).  The  shell  is  first  rough  bored  to 
about  its  middle  and  the  open  end  faced  off.  The  dia- 
meter of  bore  and  length  of  shell  are  checked.     The 


other  high  explosive  and  the  fuse  mechanism, 
ith  the   forgings  as  received  on  cars  and 


KHJ.    12 — BRINELL    TESTING    OUTFIT 

The  shells  are  brought  to  the  Brinell  testing  machine  on 
a  conveyor.  A  small  flat  spot  about  one-half  inch  square  is 
ground  Iiy  a  hand  grinder  shown  at  the  right  to  which  the 
test  is  applied.  Tensile  test  specimens  were  taken  from  oppo- 
site sides  of  the  shell  shown  at  left. 

concluding  with  the  finished  shell  as  loaded  on  cars 
ready  for  transit  to  the  loading  plant,  the  following  is 
a  brief  description  of  the  operations. 

MACHINING 

The  shell  forging  as  it  comes  from  the  storage  pile 
is  laid  out  by  means  of  a  U-shaped  gauge,  using  the  in- 
side of  the  base  as  a  reference  point  and  prick-punching 
the  positions  on  the  two  ends 
of  the  shell  where  they  are  to 
be  cut  off.  (Operation  i.  Fig. 
3).  The  open  end  of  the  shell 
is  cut  off  with  a  parting  tool, 
(Oper.  2),  the  shell  being  held 
in  a  lathe  by  means  of  a  s]*lit 
chuck.  The  base  end  is  then 
faced,  (Oper.  3),  the  shell  be- 
ing held  in  a  lathe  by  means 
of  a  three  point  chuck.  Im- 
mediately following  this  oper- 
ation an  inspector  gages  the 
length  to  see  that  it  is  correct. 
The  centering  of  the  base  end, 
(Oper.  4),  is  shown  in  Fig.  4. 
The  shell  is  placed  over  an  ex- 
panding mandrel  and  lined  up  ^  ^'^"'^■'■y  °f  grinding 
from  the  rough  bore  while  the  center  is  drilled  in  the 
base.  This  is  followed  by  transferring  the  code  number 
from  the  side  to  the  base  end.  The  body  of  the  shell  is 
then  rough  turned,  the  shell  being  mounted  in  a  lathe, 
supported  on  the  center  at  the  base  end  and  on  a  three 
point  contact  mandrel  at  the  open  end.     This  operation 


FIG.    13 — FINAL  TURNING 

The  tool  at  the  right  is  finish  turning  a  straight  portion 
of  the  shell.  The  tool  at  the  left  is  finish  turning  the  nose  end 
of  the  shell,  the  curvation  being  produced  automatically. 

rough  boring  is  then  continued  to  the  bottom  of  the 
shell  using  a  specially  formed  tool  with  four  cutting 
edges  which  are  notched  in  order  to  break  up  the  chips, 
as  shown  in  Fig.  6.  In  these  boring  operations  a  cutting 
compound  is  used  as  a  lubricant  on  the  cutting  tool. 
The  shell  is  held  in  the  lathe  by  a  quick-acting  mechani- 
cal chuck,  clamping  it  from  the  outside.  The  finishing 
cut  is  made  with  a  special  tool,  so  formed  as  to  give  the 
proper  shape  to  the  inside  of  the  shell.  This  operation 
is  followed  by  inspection  of  the  bore  for  accuracy  and 
smoothness. 
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FIG.    14 — GRINDING    MACHINES 

machines    where   the   bourrelet   is  ground  accurately  to  size. 
TURNING  FOR  CONCENTRICITY 

The  base  of  the  shell  is  now  re-centered.  (Oper. 
9).  The  first  centering,  (Oper.  4),  was  done  with  ref- 
erence to  the  rough  bore  but  the  re-centering  is  done 
from  the  finished  bore  and  must  be  very  accurate  since 
the  following  operation  depends  on  the  new  center  for 
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uniformity  in  thickness  of  shell  wall.  The  shell  is 
mounted  on  a  mandrel  with  a  double  set  of  air-operated 
three-point  contacts,  one  set  at  the  base  and  the  other 
at  the  open  end  of  the  shell.  After  recentering,  the 
shell  is  turned  for  concentricity  and  the  base  is  faced. 
(Oper.  lo).  The  shell  is  supported  on  the  center  at  the 


of  approximately  5^  inches  in  a  furnace  so  arranged 
that  the  open  end  of  shell  extends  through  a  cast  iron, 
water  cooled  front  into  the  furnace,  as  shown  in  Fig. 
8.     The  shell  is  turned  over  at  intervals  to  give  a  uni- 


FIG.    15 — WEIGHING    SHELLS 

The  shells  are  rolled  across  the  scale  bed  and  weighed 
accurately.  The  three  inspection  tools  shown  in  the  foreground 
are  for  the  purpose  of  locating  and  marking  the  position  for 
cutting  off  the  base  of  shell,  checking  the  thickness  of  the  base 
and  the  overall  length  of  the  shell. 

base  end  and  on  a  three  point  contact  mandrel  at  the 
open  end.  As  shown  in  Fig.  7,  three  tools  cut  at  the 
same  time,  the  first  beginning  at  the  base  and  turning 
up  to  the  middle,  the  second  for  slightly  larger  diameter 
beginning  at  the  middle  and  turning  vip  to  the  open  end, 
and  the  third  facing  the  base.  It  is  important  to  have 
the  shell  wall  accurate  in  thickness  and  truly  concentric 
in  order  that  the  shell  may  have  the  balance  so  neces- 
sary in  flight.     The  shell  is  now  ready  for  the  first  pre- 


FIG.    17 — HYDRAULIC    TEST 

The  shell  is  filled  with  a  cutting  compound,  from  the  pipe 
shown  at  the  left,  placed  in  the  hydraulic  press  shown  at  the 
right,  the  press  head  is  brought  down  on  the  nose  of  the  shell, 
a  copper  washer  serving  as  a  seal.  A  small  plunger  passes 
through  the  press  head  into  the  shell  and  thus  produces  the 
desired  internal  pressure.  This  pressure  is  indicated  on  a 
gage  attached  to  the  head  of  the  press  and  connecting  directly 
with  the  inside  of  the  shell. 

form  heat.  The  shell,  when  at  the  proper  heat  is  re- 
moved from  the  furnace  and  conveyed  to  the  power 
press,  Fig.  9,  where  it  is  placed  in  a  vertical  position 
and  the  press  closes  in  the  open  end,  forming  the  .shell 
nose  of  proper  shape  in  a  carefully  made  die.  (Oper. 
12).     The  shells  are  handled  into  and  out  of  the  fur- 


FIG.    16 — CUTTING    AND    WAVING    THE    HAND    GROOVE 

The  tool  on  the  left  side  of  the  shell  turns  the  band  groove 
while  the  one  on  the  right  does  the  waving.  An  eccentric 
causes  the  waving  tool  to  oscillate  in  the  sliding  head  shown 
at  the  right.  This  tool  oscillates  six  times  for  each  revolution 
of  the  shell. 

liminary  inspection  by  the  Government,  when  a  care- 
ful examination  is  made  for  contour  and  smoothness 
of  bore,  thickness  of  base,  and  thickness  of  shell  wall. 

SWEDGING  AND  HEAT  TREATING 

The  open  end  of  the  shell  is  heated  for  a  distance 


FIG.    18 — PRESSING    ON    COPPER    BANDS 

The  copper  band  is  heated  in  the  furnace  in  the  back- 
ground and  then  slipped  over  the  shell  in  the  hydraulic  press 
to  the  position  of  the  band  groove,  when  the  press  is  actuated 
and  the  band  pressed  firmly  into  position. 

nace  on  roller  conveyors,  with  one  end  hinged  near  the 
press  and  the  other  end  mounted  on  a  circular  track  in 
front  of  the  furnaces,  one  conveyor  taking  care  of  the 
output  of  two  furnaces. 

From  the  swedging  press  the  shells  go  to  the  heat 
treating  furnace  where  they  are  heated  to  830  degrees  C. 
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and  quenched  in  oil.  (Oper.  13).  Tlie  outgoing  end  of 
one  of  these  furnaces  is  shown  in  Fig.  10,  where  two 
rows  of  shells  may  be  seen  in  the  furnace  and  one  shell 
on  the  roller  conveyor  which  leads  to  the  quenching  tank. 


FIG.    19 — CLEANING 

The  triple  wash  of  a  hot  solution  of  lye,  hot  water  and 
steam  is  applied  to  the  inside  of  the  shell  by  means  of  the 
apparatus  shown  at  the  right.  The  shells  are  then  placed  in 
the  shot  blast  machines  shown  at  the  left.  The  shells  are 
held  in  an  inclined  position  and  rotated  while  a  shot  blast  is 
applied  to  the  inside. 

These  furnaces  are  of  the  continuous  type  and  of  proper 
size  to  hold  84  shells  each  at  one  time,  42  in  each  row. 
The  bottom  of  the  furnace  is  inclined  from  the  ingo- 
ing to  the  outgoing  end  to  facilitate  the  rolling  of  the 
shells.  The  furnace  is  fitted  with  burners  which  burn 
either  oil  or  gas.  Pyrometers  are  used  for  observing 
the  temperature  in  the  furnace,  with  one  fire  end  located 
about  six  feet  from  one  end  of  the  furnace  and  another 


FIG.   20 — VARNISHING    INSIDE   OF    SHELLS 

The  shell  is  placed  on  two  rollers  and  rotated  rapidly  by 
hand  while  the  varnish  sprayer  is  moved  slowly  the  length  of 
the  inside  of  the  shell  and  back.  After  which  the  numbering 
dies,  shown  at  the  right,  are  clamped  on  the  shell  and  each 
struck  in  succession  by  the  hammer. 

similarly  located  on  the  opposite  side  at  the  other  end, 
both  connected  to  an  indicating  instrument  for  the  use 
of  the  operator  of  the  furnace.  A  third  fire-end  is  also 
placed  about  6  feet  from  the  outgoing  end  of  the  fur- 


nace and  is  connected  to  a  recording  instrument  which 
gives  a  continuous  record  of  the  furnace  temperature. 
Each  furnace  has  an  output  of  60  to  65  shells  per  hour. 
After  being  properly  heated  the  shells  go  to  the  quench- 
ing tanks.  A  general  view  of  a  row  of  quenching  tanks 
is  given  in  Fig.  11.  Each  shell  coming  on  the  conveyor 
from  the  furnace,  is  received  by  arms  which  lower  it 
and  place  it  on  the  edges  of  two  horizontal  bars  extend- 
ing lengthwise  and  near  the  bottom  of  the  tank.  A  pro- 
jection on  an  endless  chain,  rolls  the  shells  through  the 
oil  at  a  depth  of  about  18  inches  from  the  top  of 
the  shells  to  the  surface  of  the  oil.  This  conveyor  de- 
livers the  shells  to  an  elevator  which,  in  turn,  removes 
them  from  the  oil.  The  supports  on  the  elevator  are 
so  arranged  as  to  incline  the  shells  sufficiently  to  per- 
mit the  oil  to  drain  freely.  This  elevator,  in  turn,  places 
the  shells  on  the  roller  conveyor  for  transit  to  the  draw- 
ing furnaces,  where  they  are  again  heated  to  approxi- 
mately 675  degrees  C.  (Oper.  14),  the  exact  temperature 
varying  with  the  class  of  steel,  the  higher  carbon  steel 


FIG.    21 — TURNING   COPPER   BAND 

The  copper  band  is  turned  by  a  tool  on  the  opposite  side 
from  that  shown  and  afterwards  shaped  and  grooved  by  two 
additional  tools  shown  in  the  foreground. 

requiring  a  higher  temperature  than  the  low  carbon 
steel.  The  shells  are  kept  in  this  furnace  for  a  period 
of  about  one  hour  and  twenty  minutes,  after  which 
they  are  removed,  piled  in  lots  and  allowed  to  cool 
slowly.  Each  pile  of  approximately  700  shells  consti- 
tutes a  testing  lot. 

These  quenching  and  drawing  operations  are 
carried  on  to  put  the  grain  of  the  steel  in  the  best  pos- 
sible condition  and  to  give  a  proper  elastic  limit  to  in- 
sure no  distorting  or  upsetting  action  when  the  shell  is 
lired  from  the  gun.  The  steel  should  retain  other 
physical  properties  necessary  for  the  shell  to  fragment 
satisfactorily  when  explosion  occurs  after  it  is  fired 
from  a  gun. 

TESTING 

Hardness  tests  are  made  with  a  Brinell  testing  ma- 
chine on  five  percent  of  the  shells  in  each  testing  lot. 
From  these  Brinelled  shells  the  Government  inspector 
selects  two  shells  for  physical  tests.  Physical  tests  are 
made  on  two  test  specimens,  one  from  near  the  base 
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and  the  other  diametrically  opposite  near  the  middle, 
both  of  which  must  show  a  tensile  strength  of  not  less 
than  90  000  pounds  per  square  inch,  true  elastic  limit 
of  not  less  than  45  000  pounds  per  square  inch,  and 
elongation  of  not  less  than  15  percent  in  two  inches. 
Fig.  12  shows  a  shell  in  the  Brinell  testing  machine. 


where    final    inspection    is 


in;      JJ-     KIN'ISHI.NT.     lirEKATION 

This   shows  a  portion  of   the  Government    inspection    room 
made   by   the   (lOvernment.     The   ontside  of   the    shell    is    painted,    as    shown    in    the    fore- 
grouiul,   liy   rolling  the   shell  over  a  pad  saturated    with   the   finishing   varnish.     The    ship- 
ping plug  is  put  in   the  nose  of   the  shell  and   grommets   placed   over   the  band   as   shown 


FINAL    MACHINING 

The  nose  of  the  shell  is  rough  bored  and  faced  in  a 
drill  press,  (Open  16  and  16-A),  followed  by  boring, 
chamfering,  facing,  undercutting,  reaming,  cutting  in- 
side radius  and  tapping.  (Oper.  17).  The  nose  end 
of  the  shell  is  rough  turned  (Oper.  18)  and  the  nose 
and  body  finish  turned  (Oper.  19),  Fig.  13,  while  the 
shell  is  supported  between  the  center  in  the  base  and  a 
plug  screwed  into  the  nose  of  the  shell.  This  plug,  as 
shown  in  Fig.  2,  has  the  shape  of  the  frustrum  of  a  cone 
on  the  outboard  end  which  fits  into  a  recess  in  the  lathe 
head,  holding  the  shell  firmly  in  position  while  being 
turned.  Following  these  operations  the  code  number 
is  transferred  from  the  base  to  the  body  of  the  shell. 

The  grinding  of  the  bourrelet  (Oper.  20)  is  shown 
in  Fig.  14. 

Fig.  15  shows  the  weighing  of  the  shell(Oper.  21) 
to  determine  how  much  material  must  be  removed  frum 
the  base  to  bring  the  shell  to  the  proper  weight.  The 
point  at  which  the  base  is  to  be  cut  off  is  marked  by  the 
use  of  a  micrometer  tool  and  another  mark  made  ex- 
actly one  inch  further  up  so  that  the  accuracy  of  the 
cut  off  may  be  checked  later.  After  this  the  inside  of 
the  nose  is  gauged  for  concentricity  by  the  use  of  a  de- 
flectometer,  (Oper.  22).  This  instrument  is  attached 
to  a  plug  which  is  screwed  into  the  nose  of  the  shell. 
The  shell  is  rolled  over  and  the  instrument  indicates 
the  amount  the  nose  is  out  of  true.  After  passing  this 
inspection  the  boss  on  the  base  is  removed  (Oper.  23), 
the  shell  is  faced  for  weight,  and  the  bevel  cut  on  the 
base  end. 

The  operation  (24)  of  cutting  the  band  groove  and 


waving  is  shown  in  Fig.  16.  This  is  done  on  a  lathe  by 
a  tool  which  cuts  the  groove  to  its  proper  depth,  leaving 
five  raised  projections  completely  around  the  she!l  in 
the  bottom  of  the  cut.  Two  side  tools  are  arranged  to 
operate  in  such  a  manner  as  to  undercut  the  sides 
of  the  groove  into  dovetail  shape.  A  fourth  tool, 
located  on  the  opposite  side 
of  the  shell,  is  mounted  on  a 
sliding  head  which  oscilates 
horizontally  six  times  per 
revolution  of  the  shell,  .>o  as 
to  cut  first  one  side  and  then 
the  other  of  the  raised  rings 
in  such  a  manner  as  to  leave 
five  waved  rings  around  the 
entire  circumference  of  the 
shell  in  the  bottom  of  the 
groove.  The  copper  band 
which  is  placed  in  the  band 
groove  serves  as  a  gas  check 
and  engages  the  rifling  of  the 
gun,  causing  the  shell  to  ro- 
tate. The  gyroscopic  effect 
thus  produced  keeps  the  shell 
straight  in  its  flight.  The  Wc  v- 
ing  in  the  bottom  of  the 
groove  prevents  the  band 
from  turning  on  the  shell. 
After  an  inspection  of  the  band  groove  and  base 
the  calking  groove  is  cut  in  the  base  end  of  the  shell 
(Oper.  26).  This  is  done  by  two  cutters  maintained 
in  such  a  way  as  to  leave  a  dovetailed  circular  slot  at 
the  base  suitable  for  calking  the  lead-lined  copper  disc 
in  position.  This  disc  is  used  to  guard  against  any  pos- 
sible leakage  of  hot  gases  from  the  driving  charge 
through  an  undiscovered  piping  or  other  flaw  in  the 


FIG.   23 — METHOD    OF    I.OADTNG    SHELLS    IN    BOX    CAR 

Strips   of   wood    (not   shown)    are   placed   across    the   car 
between   each   row  of  shells   to  brace  them  longitudinally. 

base  of  the  .shell  which  might  result  in  a  premature  ex- 
plosion. This  operation  is  followed  by  the  second  pre- 
liminary inspection  by  the  Government,  when  all  di- 
mensions including  concentricity  of  nose  and  uniform- 
ity of  wall  thickness  are  carefully  checked. 


HYDRAULIC  TEST 

The  hydraulic  test  is  shown  in  Fig.  17. 
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is  mounted  on  the  head  of  the  press,  on  the  opposite  side 
from  that  shown,  which  is  connected  by  an  openmg 
through  the  nose  of  the  shell  and  indicates  the  actual 
pressure  applied.  After  sustaining  a  pressure  of  loooo 
pounds  per  square  inch  for  15  seconds  the  shell  must 
not  show  an  expansion  of  more  than  0.006  inch  and 
must  be  free  from  any  leakage. 

Fig.  18  illustrates  the  swedging  of  copper  bands. 
(Oper.  29).  This  operation  consists  in  heating  the 
copper  band  to  about  760  degrees  C,  placing  it  over 
the  shell  at  the  band  groove,  and  shrinking  it  into  posi- 
tion by  means  of  a  hydraulic  press  which  forces  the 
metal  to  flow  into  all  parts  of  the  groove. 

CLEANING  THE  SHELLS 

The  shells  are  now  washed  first  with  an  alkali 
solution  and  then  with  water  (Oper.  30  and  31).  The 
shells  are  handled  in  racks,  holding  ten  shells  each,  by 
overhead  cranes.  These  loaded  racks  are  placed  in 
frames  as  shown  in  the  middle  of  Fig.  19.  A  small 
pipe  extends  into  each  shell  and  a  hot  alkali  wash  is 
pumped  into  the  shells,  followed  by  a  hot  water  wash 
and  finally  by  a  steam  bath.  The  inside  of  the  shell  is 
further  cleaned  by  a  shot  blast  (Oper.  32)  to  remove 
any  rust  or  foreign  matter  that  may  cling  to  the  surface 
during  the  washing  operation.  The  shell  is  placed  in 
an  inclined  position  on  one  of  the  shot  blast  machines 
and  rotated  while  the  blast  is  blown  against  the  bottom 
of  the  shell  in  such  a  manner  as  to  thoroughly  clean 
the  entire  inside.  Finally,  an  air  blast  is  applied  to  com- 
plete the  cleaning  operation. 

After  cleaning,  the  inside  of  the  shell  is  varnished 
as  shown  in  Fig.  20  (Oper.  33).  The  shell  is  rotated 
as  shown  while  the  inside  is  sprayed  with  a  clear  var- 


nish, thus  forming  a  thin  protective  coating  over  the 
entire  inside  surface.  Following  this,  the  shipping 
serial  is  stamped  on  the  shell  (Oper.  34)  and,  after  an 
inspection  of  the  interior  by  the  use  of  a  small  electric 
lamp,  it  is  sent  on  to  the  lathes  where  the  lead  and  cup- 
per disc  are  fitted  on  the  base  and  calked  in  position 
(Oper.  35).  A  movable  tool,  placed  on  the  tail  stock  of 
the  lathe,  is  moved  up  against  the  base  of  the  shell, 
holding  the  copper  and  lead  discs  tightly  in  position 
while  a  small  wheel  is  so  arranged  as  to  spin  the  edge  of 
the  copper  disc  into  the  inner  dovetail  of  the  groove. 
This  is  followed  by  filling  the  remainder  of  the  groove 
with  a  strip  of  lead  and  pressing  it  into  position  with  a 
second  small  wheel  which  fills  the  outer  dovetail  of  the 
calking  groove. 

The  copper  band  is  turned  to  proper  size  (Oper. 
37)  as  shown  in  Fig.  21.  Then  the  threads  in  the  nose 
of  the  shell  are  accurately  sized  with  a  hand  tap,  and  a 
complete  inspection  is  made  by  the  manufacturer,  in- 
cluding weighing  and  checking  all  parts  for  dimensions. 

The  shells  are  then  delivered  to  the  bond  room, 
where  final  government  inspection  is  made.  After  pass- 
ing final  inspection  a  blue  priming  coat  is  applied  to  the 
outside  of  the  shell  which  protects  it  from  rust  in  transit 
and  gives  a  good  priming  foundation  for  the  coat  of 
paint  which  is  given  to  the  shell  after  it  has  been  filled. 
This  coat  is  applied,  as  shown  in  Fig.  22,  by  rolling  the 
shell  over  a  heavy  felt  pad  which  is  saturated  with  the 
priming  m?terial.  A  transit  plug  is  then  put  in  the 
nose  end  of  the  shell  and  a  grommet  placed  over  the 
copper  band  for  protection  in  transit,  thus  completing 
the  manufacturing  operations.  The  shells  are  then 
loaded  in  box  cars  as  shown  in  Fig.  23  and  shipped  to 
the  filling  plant. 
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IRON  and  steel  wires  and  cables  are  being  used  to  an 
increasing  extent  as  conductors  for  branch  power 
lines  where  the  currents  to  be  carried  are  not  large. 
This  is  partly  due  to  the  high  cost  of  metals,  making  it 
necessary  that  advantage  be  taken  of  every  possible 
economy  in  design,  and  prohibiting  the  use  of  a  copper 
or  aluminum  conductor  when  a  cheaper  steel  conductor 
can  do  the  work.  The  utilization  of  steel  conductors 
is  also  partly  due  to  the  increased  knowledge  of  their 
electrical  properties,  so  that  they  may  be  applied  to  a 
projected  line  with  more  confidence  that  the  results  ex- 
pected will  be  obtained.  Steel  conductors  are  now  be- 
ing used  of  larger  diameter  than  formerly,  and  there  is 
need  for  a  knowledge  of  their  properties.  There  is  also 
a  possibility  that  steel  cables  or  cables  with  large  steel 
cores  will  soon  be  needed  for  veiy  high  voltage  lines, 
where  corona  loss  is  troublesome. 

Although    galvanized    steel    conductors    have    not 
given  rise  to  mechanical  troubles  to  any  extent  on  the 


DWIGHT 

lines  where  they  have  been  used,  but  have  indeed  in 
majiy  ways  increased  the  factor  of  safety,  the  question 
has  sometimes  been  raised  whether  they  do  not  impose 
a  greater  hazard  than  copper  cables  due  to  the  pos^si- 
bility  of  their  rusting  through  and  breaking.  While  it 
is  obvious  that  steel  conductors  have  a  shorter  life  than 
copper  ones,  still  the  use  of  the  former  is  known  to  be 
reasonably  safe,  from  many  years  of  practical  experi- 
ence, for  the  use  of  steel  cables  as  power  conductors  is 
exactly  the  same  from  this  point  of  view  as  their  use  as 
ground  conductors,  in  which  way  they  are  used  on 
practically  every  transmission  line. 

As  is  well  known,  the  resistance  and  reactance  of 
iron  and  steel  wires  and  cables  vary  considerably  with 
the  grade  of  the  metal  and  with  the  number  of  amperes 
of  current  which  is  being  carried.  These  properties 
are  best  determined  by  separate  tests  for  each  type  and 
size  of  wire  and  cable.  There  does  not  seem  to  be  any 
successful  method  of  predetermining  the  properties  of 
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one  conductor  from  the  tests  of  another  size  of  con- 
ductor. A  certain  number  of  tests  have  been  pubhshed 
but  the  resuUs  are  not  very  complete  and  do  not  agree 
verj'  closely  with  each  other,  and  so  are  not  very  useful 
for  design  purposes.  A  complete  and  consistent  set  of 
test  curves  is  much  needed  by  transmission  engineers. 
In  the  absence  of  such  tests,  the  writer  has  drawn  up 
the  approximate  curves  in  Fig.  i  to  15,  based  on  the 
average  results  of  the  tests  so  far  published. 
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Siemens-Martin 9  percent 

High  Strength   8  percent 

The  percentage  increase  of  resistance  of  a  given 

size  of  wire  or  cable  at  a  given  strength  of  altematmg 

current  is  greatest  for  Grade  EBB  and  least  for  High 

Strength   Steel.     The   other  grades   have   intermediate 

values  in  the  order  given  in  the  above  list.     It  therefore 

results  that  a  medium  grade  of  steel  may  have  a  lower 
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FIG.    I — ORDIN.\RY    STEEL    GR.\DE    WIRES,    6o    CYCLES 


FIG.    5 — ORDINARY    STEEL    GRADE    SEVEN    STRAND    CABLES,    6o    CYCLES 
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FIG.   3 — GRADE   EBB    WIRES,   6o    CYCLES 


:ftr4.U-U-a  i^feW-lf^t^lilffl      (SamesLs) 


TIT 


"      Re; 


Amperes  per  Cable 
FIG.   4 — SIEMENS-MARTIN    SEVEN    STRAND    CABLES,    60    CYCLES 

The  tests  of  a  given  type  of  steel  conductor  show 
two  main  kinds  of  variations  when  different  samples  are 
tested.  First,  there  are  variations  in  the  conductivity 
for  direct  current,  which  is  the  same  as  the  conductivity 
for  a  very  small  alternating  current,  and  second,  there 
are  variations  in  the  percentage  increase  in  resistance 
when  alternating  current  is  carried. 

In  order  to  make  the  set  of  curves  consistent  as 
regards  direct-current  conductivity,  the  following 
values,  expressed  as  percentages  of  the  annealed  copper 
standard,  have  been  assumed : 
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FIG.    6 — GRADE    IIB    SEVEN     STRAND    CABLES,    6o    CYCLES 
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FIG.    7 — GRADE    EBB    SEVEN    STRAND    CABLES,    6o    CYCLES 
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resistance  for  its  load  of  alternating  current  than  a 
grade  nearer  the  top  of  the  above  list,  which  is  ba?ed 
upon  direct-current  tests.  The  percentage  increase  in 
resistance  is  practically  proportional  to  the  frequency  at 
commercial  frequencies,  and  this  fact  enables  curves  for 
25  and  60  cycles  to  be  compared. 

The  reactance  plotted  in  the  figures  is  the  internal 
reactance,  that  is,  the  reactance  due  to  magnetic  flux 
inside  the  conductors.  In  order  to  obtain  the  total  re- 
actance of  the  electric  power  line,  the  external  react- 
ance should  be  added.  This  may  be  taken  from  tables 
prepared  for  use  with  circuits  using  copper  conductors, 
but  in  general,  it  will  be  sufficient  to  add  0.8  ohms  per 
mile  for  60  cycles  and  0.3  ohms  per  mile  for  25  cycles. 


THE   ELECTRIC  JOURNAL 


27 


The  reactance  of  steel  conductors  is  practically  propor- 
tional to  the  frequency  at  commercial  frequencies. 

The  conductors  referred  to  in  Figs.  1-7  and  9-14 
are  wires  of  the  Birmingham  Wire  Gauge  (B.W.G.) 
and  cables  made  up  of  such  wires.  There  is  some  dis- 
crepancy between  the  nominal  diameters  of  the  cables, 
and  their  actual  diameters,  as  is  shown  by  Table  I. 


nients,  if  a  sample  of  each  conductor  about  1000  feet 
long  were  available.  It  would  seem  therefore  that  the 
tests  might  be  made  by  the  manufacturers  of  the  steel, 
who  would  be  able  to  obtain  the  samples  most  easily. 

It  is  to  be  hoped  that  the  work  of  making  accurate 
tests  of  commercial  steel  cables  will  be  continued,  as 


FIG.   9 — ORDINARY    STEEL    GRADE    WIRES,    25    CYCLES 
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FIG.    10 — GRADE   EB    WIRES,    25    CYCLES 


FIG.    II — GRADE    EBB    WIRES,    25    CYCLES 

The  Birmingham  wire  gauge  is  used  largely  for  tele- 
graph wires  of  iron  and  steel.  The  electrical  properties 
of  steel  conductors  of  other  gauges  can  be  estimated  by 

TABLE  I— CABLES  COMPOSED  OF  SEVEN 
STANDARD  B.  W.  G.  WIRES 


Nominal 
Diam. 

Size  of 

Wires 

B.W.G. 

Diam.  of 
Wires 

Actual 

Diam.  of 

Cable 

Sectional  Area 
inCirc.  .Mils. 

V4. 

-ft 
% 

No.  14 
No.  13 
No.  12 
No.  II 
No.    8 

0.083 
0.005 
0.109 
0.120 
0.16s 

0.249 
0.285 
0.327 
0.360 
0.495 

48200 
63  200 
83  200 
100800 
190600 

changing  the  values  given  by  Figs.  1-15  in  inverse  pro- 
portion to  the  change  in  sectional  area  of  the  conductor. 

The  capacitance  of  steel  conductors  is  the  same  as 
that  of  copper  conductors  of  the  same  size,  and  there- 
fore the  usual  tables  and  formulas  may  be  used  for  de- 
termining the  capacitance  of  steel  conductors. 

The  preparation  of  a  set  of  test  curves  similar  to 
the  curves  of  this  paper  would  require  very  inexpensive 
and  easy  electrical  measurements  with  standard  instru- 
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FIG.    12— ORDINARY    STEEL  GRADE   SEVEN    STRAND   CABLES,    25   CYCLES 


FIG.    13 — GRADE    BB    SEVEN    STRAND    CABLES,    2$    CYCLES 
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FIG.    IS — ORDINARY     STEEL     NINETEEN     STRAND    CABLES,    25    CYCLES 

the  results  would  be  of  considerable  value  to  the  de- 
signers of  transmission  lines. 

The  tests  on  which  the  cui-ves  in  this  article  have  been 
based,  were  described  in  the  following  articles : — 

"Effective  Resistance  and  Inductance  of  Iron  and  Bime- 
tallic Wires"  by  John  M.  Miller,  Scientific  Paper  No.  252  of 
the  Bureau  of  Standards,  Aug.,  1915. 

"Iron  Wire  for  Distribution  and  Transmission  Lines," 
Electrical  World,  April  8,   1916. 

"Iron  and  Steel  Wire  for  Transmission  Conductors,"  by 
T.  A.  Worcester,  General  Electric  Review,  June  1916,  p.  488. 

"Steel  Conductors  for  Transmission  Lines,"  by  H.  B. 
Dvvight,  Trans.  A.  I.  E.  £.,  Sept.  18,  1916,  p.  1237. 

"Characteristics  of  Iron  and  Steel  Conductors,"  by  C.  E. 
Oakes  and  W.  Eckley,  Electrical  World,  Oct.   14,  1916. 

"Characteristics  of  Iron  Wire  for  Transmission  Purposes," 
by  L.  W.  Morrow,  Electrical  World,  July  14,  1917. 

"Iron  Wire  for  Short  High-Voltage  Lines,"  by  W.  T. 
Ryan,  Electrical  Revicie,  Sept.  22,  191 7. 

"Iron  and  Steel  Conductors,"  by  R.  C.  Powell,  Journal  of 
Electricity,  April  I,  1918. 

"Characteristics  of  Iron  and  Steel  Conductors,"  by  C.  E. 
Oakes  and  P.  A.  Sahm,  Electrical  World,  July  27,  1918. 
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Chas.  F.  Scott 

ALTERNATING-CURRENT  installations  made 
during  the  latter  eighties  were  single  phase  of 
about  I20  to  133  cycles,  for  lighting  circuits  only. 
There  were  no  motors,  as  the  recently  invented  Tesla 
rotating  or  shifting  field  motor  was  not  suitable  for 
these  circuits.  Attempts  were  made  to  use  this  pi:n- 
ciple  for  the  operation  of  split-phase  motors  from  a 
single-phase  circuit  and  also  to  operate  polyphase  mo- 
tors at  high  frequency,  but  neither  of  these  attempts 
was  successful.  Later,  when  the  frequency  was  re- 
duced and  polyphase  generators  were  used,  selection 
had  to  be  made  between  two-phase  and  tliree-phase. 
Both  were  produced  and  there  were  certain  conditions 
where  one  was  better,  while  for  other  conditions  the 
other  was  preferable. 

At  that  time,  when  polyphase  generators  were  in- 
stalled the  motor  service  was  usually  incidental.  The 
lighting  service  continued  by  single-phase  circuits  and 
it  was  simpler  to  supply  such  circuits  in  two  groups 
from  a  two-phase  generator  than  it  was  to  divide  them 
into  the  three  groups  necessitated  by  the  three-phase 
generator.  The  interaction  between  the  phases  was  less 
and  it  was  simpler  to  obtain  the  desired  voltage  regula- 
tion from  the  generator  or  from  voltage  regulators. 

Some  industrial  installations  were  made  for  both 
light  and  power  and  in  such  cases  it  was  usually  found 
that  the  two-phase  system  was  to  be  preferred.  The 
long  distance  transmission  circuit  with  its  lesser  cost 
for  a  three-phase  transmission  line  was  scarcely  a  fac- 
tor in  the  central  station  work,  which  consisted  prim- 
arily of  single-phase  lighting  circuits. 

The  Niagara  Falls  Power  Company,  in  the  first 
large  and  pre-eminent  alternating-current  power  plant, 
employed  two-phase  generators  as  it  was  expected  that 
a  large  part  of  the  power  would  be  used  locally  as 
single-phase  for  the  operation  of  electric  furnaces  and 
electrochemical  processes. 

Some  of  the  early  forms  of  generator  windings 
and  the  original  form  of  the  polyphase  motor  designed 
by  Mr.  Tesla  lent  themselves  much  more  readily  to  a 
construction  for  two-phase  than  for  three-phase.  The 
greater  simplicity  in  measuring  instruments  and  in  the 
use  of  two  instead  of  three  transformers  for  reducing 
,  the  voltage  were  also  contributing  influences  in  the  pre- 
ference for  the  two- phase  system.  In  those  early  years 
when  lighting  circuits  were  being  changed  from  133  to 
60  cycles  and  the  single-phase  system  was  being  sup- 
planted by  the  polyphase  system  to  accommodate  in- 
duction motors,  the  inherent  regulation  of  small  gen- 
erators and  the  kind  of  regulating  and  control  devices 
available  were  very  different  from  present  standards. 
In  short,  the  features  of  the  apparatus  and  its  use  for 
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lighting  and  for  incidental  power  work  from  central 
stations  and  in  factory  plants  gave  the  preference  to 
two-phase. 

One  afternoon  Mr.  L.  B.  Stillwell  came  into  the 
Westinghouse  Laboratory  and  said  that  in  a  certain  ne- 
gotiation then  pending  the  Company  was  at  a  decided 
commercial  disadvantage  in  proposing  a  ten  mile  trans- 
mission by  a  four-wire,  two-phase  circuit,  as  a  competi- 
tor offered  three-phase  apparatus  with  a  saving  in  the 
cost  of  transmission  line  of  some  $10  000.  He  was  con- 
sidering whether  a  proposal  should  be  made  for  supply- 
ing the  three-phase  aparatus.  I  pointed  out  some  of 
the  manufacturing  objections  to  supplying  three-phase 
equipment  when  our  ordinary  products  were  two-phase, 
and  also  recounted  the  advantages  in  having  a  two- 
phase  distributing  system.  He  reiterated,  however,  that 
a  $io(X)0  saving  in  the  transmission  line  was  a  handi- 
cap which  would  be  hard  to  overcome.  It  occurred  to 
me  that  the  ideal  arrangement  would  be  a  three-phase 
transmission  line  for  supplying  two-phase  distributing 
circuits;  to  which  he  agreed. 


FIG.      I  —  ELEMENT- 
ARY   VECTOR 
DI.\GRAM 


FIG.    2 — CONNECTIONS    FOR    TWO-PHASE, 
THREE-PHASE    TRANSFORMATION 


I  went  to  my  desk,  drew  an  equilateral  triangle, 
then  in  a  half  musing,  half  mechanical  way,  without 
having  formulated  a  definite  purpose,  drew  a  line  from 
the  upper  apex  to  the  middle  of  the  lower  side  of  the 
triangle.  This  line  made  a  right  angle  with  the  side 
which  it  intersected  and  in  an  instant  my  imagination 
made  these  two  lines  represent  a  two-phase  system 
combined  with  the  triangle  representing  the  three- 
phase  system.  I  rushed  back  into  the  adjoining  room, 
exclaiming  "I've  got  it."  "What?"  "The  way  to  get 
from  three-phase  to  two-phase."  I  don't  think  I  had 
been  away  more  than  a  minute. 

Thus  when  the  commercial  necessity  was  presented, 
the  engineering  problem  was  formulated  and  a  simple 
vector  diagram  was  the  key  to  the  solution. 

I  was  at  that  time  preparing  a  paper*  for  the 
National  Electric  Light  Association  in  which  was  de- 
scribed the  effect  of  self-induction  and  its  bearing  upon 


*Sec  N.E.L.A.   Proceedings  for   1894;   also  The  Electric 
Journal,  Volume  II,  p.  713. 
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voltage  drop  in  transmission  circuits — a  matter  which 
was  not  then  generally  understood.  The  method  of 
phase  transformation  was  added  to  the  paper,  which 
was  presented  at  Washington,  D.  C.  on  March  ist,  1804. 
The  description  then  given  follows : 

"In  considering  the  marked  advantages  of  the  two- 
phase  system  for  distribution  and  of  die  three-phase 
system  for  transmission,  it  occurred  to  me  that  a  combi- 
nation of  the  two  systems  might  secure  the  advantages 
of  both,  and  I  have  worked  out  a  simple  and  effective 
method  of  accomplishing  this  result.  If  two  e.m.fs. 
differing  in  phase  be  connected  in  series,  the  resulting 
e.m.f.  will  in  general,  differ  in  value  and  in  phase  from 
either  of  its  components.  If  two  e.m.fs.  differing  in 
phase  90  degrees  be  connected  in  series  the  resultant 
e.m.f.  is  represented  in  direction  and  magnitude  by  the 
hypotenuse  of  a  right  angle  triangle,  of  which  the  two 
sides  are  the  two  component  e.m.fs.  Thus  in  Fig.  i  if 
AO  and  OB  are  two  e.m.fs.  at  right  angles  and  these 
e.  m.  fs.  be  connected  in  series  the  resultant  is  the  line 
AB,  of  different  phase  from  either  of  the  components. 
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FIG.   3 — APPLICATION    OF   TWO-PHASE,   THREE-PHASE   PRINCIPLE   TO 

TRANSFORMERS 

It  is  a  simple  matter  to  so  proportion  the  components 
that  OB  is  equal  to  one-half  of  AB,  as  shown  in  the  dia- 
gram. In  a  similar  manner  it  is  readily  seen  that  the 
same  e.m.f.  OA  may  be  combined  with  OC,  which  dift'ers 
from  it  by  90  degrees  (but  is  equal  and  opposite  to  OB) 
in  such  a  way  as  to  give  AC  equal  to  AB,  but  differing 
in  direction.  BO  and  OC  added  together  give  BC. 
The  e.m.f.,  BC,  may  therefore  be  combined  with  the 
e.m.f.,  AO,  at  right  angles  to  it,  in  such  a  way  as  to  give 
additional  e.m.fs.,  AB  and  CA,  which  in  connection 
with  BC,  give  three  equal  e.m.fs.  120  degrees  apart. 
This  is  the  relation  of  e.m.fs.  in  the  three-phase  system. 
"The  application  of  this  arrangement  to  trans- 
formers is  illustrated  in  the  accompanying  Figs.  2  and  3. 
The  primaries  of  two  transformers  are  connected  to  a 
generator  giving  two-phase  current.  The  secondary 
e.m.fs.,  therefore,  differ  90  degrees.  One  secondary  is 
made  equal  to  100  turns  and  a  loop  is  brought  out  at 
its  middle  point  giving  50  turns  at  each  side.  The  sec- 
ond secondary  has  87  turns,  which  is  approximately 
equal  to  50  multiplied  by  y  J7  One  end  of  the  second- 
ary circuit  is  connected  with  the  middle  point  of  the 
secondary  of  the  first  transformer,  as  shown,  and  the 
three   free  terminals  will  then  deliver  e.m.fs.     differ- 


ing in  phase  120  degrees.  If  the  e.m.f.  on  each  primary 
be  1000  volts  and  on  one  secondary  100  volts  and  on 
the  other  87  volts,  then  the  e.m.f.  measured  between 
any  two  secondary  terminals  will  be  100  volts.  This 
three-phase  circuit  is  adapted  for  operating  three-phase 
motors.  In  a  system  of  transmission  two-phase  cur- 
rents at  the  generator  may  be  converted  into  three-phase 
currents,  as  shown  in  Fig.  4  and  the  windings  may  be 
such  that  the  e.m.f.  is  raised  for  transmission.  The 
currents  are  then  transmitted  by  three  phases,  effecting 
economy  in  copper.  At  the  other  end  of  the  line  a 
similar  arrangement  of  transformers  may  be  used  for 
converting  from  the  three-phase  to  the  two-phase  sys- 
tem. The  two-phase  currents  may  then  be  used  for  the 
operation  of  two-phase  motors  or  the  circuits  mav  be 
independently  loaded  with  lamps  or  otherwise.  If  lamps 
be  placed  on  the  transformer  which  supplied  current  di- 
rectly from  its  two  terminals,  the  transmission  is  direcily 
from  the  generator  without  affecting  in  any  way  the 
other  circuit,  as  the  generator  terminals  are  connecied 
directly  to  the  first  primaries,  and  the  secondaries  of 
the   raising  transformer  are  connected  directly  to  the 
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FIG.    4 — THREE-PHASE    TRANSMISSION    FROM    TWO-PHASE 
GENERATORS 

primaries  of  the  lowering  transformer,  and  the  current 
from  this  is  taken  directly  to  the  load.  On  the  other 
hand,  if  the  other  circuit  be  loaded,  the  action  here 
will  also  be  on  its  own  generator  circuit  without  affect- 
ing the  first.  The  current  from  the  raising  transformer 
in  this  circuit  passes  to  the  middle  of  the  secondary  of 
the  other  transformer,  where  it  divides  and  flows  in 
parallel  through  the  two  parts  of  the  coil  and  two  of  the 
lines.  As  one-half  of  the  current  flows  throu'^h  e.'>ch 
part  of  the  secondary  coil  in  opposite  directions,  the 
self-induction  is  completely  neutralized  and  the  trans- 
formers in  this  circuit  are  independent  of  the  operai  on 
of  the  other  circuit.  It  is  to  be  noted  that  under  this 
condition  the  line  e.m.f.  delivered  by  this  transformer 
is  only  87  percent  of  that  delivered  by  the  first  trans- 
former. The  lower  e.m.f.  however,  is  compensated  for 
by  the  fact  that  the  current  on  one  side  is  passed  ih rough 
two  of  the  lines  in  parallel,  thus  reducing  the  resistance 
of  the  circuit  and  compensating  for  the  slightly  lower 
e.m.f.  The  effect  upon  the  regulation  of  the  generator 
when  two-phase  circuits  at  the  end  of  a  three-phase 
transmission  line  are  independently  loaded  is  found  b;>th 
by  theory  and  test,  to  be  the  same  that  prevails  when 
the  load  is  placed  directly  upon  the  corresponding  cir- 
cuit of  the  generator. 

"A  modification  of  this  system  is  found  in  the  ar- 
rangement where  the  three-phase  currpnt  is  produced 
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in  the  generator  and  transmitted  over  three  wirei  to 
the  reducing  transformers.  These  transformers  may 
be  arranged  as  described  for  producing  two  phases 
(Fig.  5).  Loads  may  be  placed  upon  either  of  the 
two-phase  circuits,  and  practically  the  same  regulation 
in  the  generator  will  result  that  would  have  resulted  if 
the  generator  itself  had  been  wound  for  two  phases 
and  one  of  these  circuits  loaded.  In  this  way  it  is 
possible  to  place  a  lighting  load  upon  a  three-phase 
generator  in  two  instead  of  three  units,  and  to  avoid  the 
bad  regulation  in  the  generator  due  to  unequal  loading. 

"A  similar  arrangement  of  two  transformers  may 
be  used  for  converting  three  phases  of  one  potential 
into  three  phases  of  another  potential,  as  shown  in  Fig. 
6. 

"The  efficiency  of  two  transformers  arranged  for 
converting  from  two-phase  to  three-phase  is  reduced 
below  that  when  working  independently  on  ordinary 
loads  by  an  insignificant  amount.  If  the  efficiency  in 
ordinary  working  is,  say,  97.5  percent,  it  would  be  re- 
duced to  97.4  percent  in  converting  from  one  number 
of  phases  to  the  other. 

"The  Tesla  polyphase  system,  adapts  itself  with 
marvelous  facility  not  only  to  all  branches  of  electrical 
industry,  but  also  by  the  transformation  of  its  phases  to 
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FIG.    5 — THREE-PHASE    GENERATION    AND    TRANSMISSION    AND 
TWO-PHASE    DISTRIBUTION 

the  utilization  of  three  phases  for  gaining  the  highest 
economy  in  transmission  and  of  two  phases  for  securing 
the  maximtmi  advantages  in  distribution." 

One  of  the  early  applications  of  this  method  of 
transformation  was  made  in  connection  with  the  first 
transmission  lines  from  Niagara  Falls  to  Buffalo. 
These  circuits  were  at  the  time,  in  point  of  amount  of 
power  transmitted,  the  most  important  transmission  of 
that  period,  although  there  were  smaller  amounts  of 
power  transmitted  in  some  cases  at  a  higher  voltage,  or 
over  a  greater  distance.  Transformation  from  the 
two-phase  generators  was  made  for  transmitting  the 
power  to  Buffalo  over  three-phase  circuits. 

In  connection  with  the  development  of  the  trans- 
formation from  two-phase  to  three-phase,  I  asked  B.  G. 
Lamme  if  he  knew  of  any  method  of  accomplishing 
this  result.  Mr.  Lamme  at  that  time  was  working  on 
the  construction  of  induction  motors  on  the  basis  of 
distributed  primary  windings  instead  of  the  polar  type. 
As  was  the  practice  in  those  days  in  alternating-current 
generators,  a  closed  coil,  two-circuit  type  of  winding 
was  tried  on  the  earliest  distributed  field  induction  mo- 
tors and  there  were  four  taps  on  the  winding  for 
quarter  phase.     He  suggested  in  an  offhand  manner 


that  the  only  way  he  could  think  of  was  to  put  thice- 
phase  taps  on  the  primary  winding  of  one  of  the  two- 
phase  induction  motors,  as  with  such  an  arrangement, 
if  two-phase  current  was  supplied  to  the  primaiy  three- 
phase  could  be  taken  off.  However,  he  did  not  consider 
this  a  very  practical  scheme,  and  it  was  not  deemed 
worth  patenting.  The  interesting  feature  of  the  sug- 
gestion is  that  this  additional  method  of  phase  trans- 
formation is  the  only  one,  aside  from  the  use  of  trans- 
former connections,  which  has  since  been  used  to  any 
extent. 

I  had  previously  noted  that  when  a  two-phase  induc- 
tion motor  is  running  idle  with  one  circuit  open,  so 
that  it  is  being  supplied  with  single  phase,  there  is  a 
voltage  on  the  terminals  of  the  idle  winding  of  the  mo- 
tor which  is  approximately  equal  in  value,  but  is  90 
degrees  from  the  impressed  voltage  on  the  other  circuit. 
The  idle  motor  was  therefore  a  phase  converter  and  the 
voltage  of  its  idle  winding,  combined  with  the  voltage 
of  the  supply  circuit,  furnished  two  voltages  differing 
90  degrees  which  constitute  a  two-phase  circuit  and 
could  have  been  employed  for  operating  small  two- 
phase  motors.     At  the  time- it  did  not  occur  to  me  that 


FIG.      6 — THREE-PHASE      TO      THREE- 
PHASE   TRANSFORMATION    WITH 
TWO    TRANSFORMERS 

this  principle  was  one  which  might  be  useful.  It  is  at 
present,  however,  being  employed  on  the  electric  loco- 
motives of  the  Norfolk  and  Western  Railroad  which  are 
the  most  powerful  electric  locomotives  in  service.  On 
these  locomotives,  tlie  single-phase  trolley  supplies  cur- 
rent to  a  rotative  phase  converter  which  is  in  fact  a 
two-phase  induction  motor  operated  from  one  phase 
only  and  producing  in  its  second  winding  a  ninety  de- 
gree electromotive  force  which,  in  conjunction  with 
that  of  the  trolley  circuit,  constitutes  a  two-phase  sup- 
ply to  a  pair  of  transformers  for  transforming  from 
two-phase  to  three-phase.  The  three-phase  circuit  then 
operates  the  three-phase  propulsion  motors. 

Possibly  if  a  commercial  need  for  this  sort  of  trans- 
formation had  been  definitely  presented,  the  importance 
of  this  transformation  from  single-phase  to  polyphase 
by  an  idle  induction  motor  might  have  been  recognized 
years  earlier.  Under  the  circumstances,  however,  a 
patent  would  never  have  amounted  to  much,  so  far  as 
the  locomotives  are  concerned,  as  they  were  not  built 
until  after  the  patent  would  have  expired. 
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Phase  Tronsformaiion 
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THE  most  important  transformer  connections  for 
phase  transformations  are : — 
I — Three-phase   to   single-phase. 
2 — Three-phase  to  two-phase. 
3 — Two-phase  to  six-phase. 
4 — Three-phase  to  six-phase. 
This  discussion  does  not  go  into  detail  regarding 
the  vector  relations  of  the  voltages  and  currents,  nor  the 
k.v.a.  capacity  of  transformers  required  for  the  different 
arrangements,   but   merely   shows   the   connections   re- 
quired to  give  the  transformations. 

THREE-PHASE  TO  SINGLE-PHASE 

It  is  impossible  to  deliver  single-phase  current  from 
a  three-phase  source  of  supply  and  have  balanced  Ci)n- 
ditions.  If  this  were  done  it  would  mean  that  the  con- 
tinuous flow  of  power  from  the  three-phase  source  pass- 
ing through  the  transformers  would  be  changed  to  a 
flow  of  single-phase  power  passing  from  a  maximum 
through  zero  and  back  to  a  maximum  every  half  cyc!e. 
As  this  is  impossible  with  static  transformers  (i.e.  with 


tical,  that  is  the  three-phase  windings  are  provided  with 
both  a  50  and  an  86.6  percent  tap,  as  shown  in  Fig.  i. 
When  operating  as  the  main  transformer,  the  50  per- 
cent tap  is  used ;  and  when  as  the  teaser  the  86.6  percent 
tap,  the  13.4  percent  part  of  the  winding  being  idle  in 
the  latter  case.  Each  of  the  two  halves  of  the  three- 
phase  winding  should  be  distributed  over  the  entire 
winding  length  of  the  magnetic  circuit  in  order  to  pre- 
vent flux  distortion  and  the  resulting  poor  regulation. 

A  connection  is  sometimes  used  in  emergency  cases 
where  a  transformer  with  an  86.6  percent  tap  is  not 
available  and  a  teaser  transformer  of  the  same  voltage 
as  the  main  transformer  must  be  used.  In  this  con- 
nection two  transformers  of  exactly  the  same  capacity 
and  voltage  are  used.  With  this  arrangement  the 
phases  are  not  exactly  120  degrees  apart,  and  an  at- 
tempt to  operate  it  in  parallel  with  a  true  three-phase 
circuit  will  result  in  unbalanced  currents. 

In  these  two  Scott-connected  transformations,  the 
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FIG.    I — SCOTT      CONNECTION      FOR      THREE- 
PHASE,    TWO-PHASE    TRANSFORMATION 

With  dupHcate  single-phase 
transformers 


FIG.    2 — THREE-PHASE,    TWO-PHASE 
TRANSFORMATION 

Using   three   single-phase   transformers, 
with  the  two-phase  side  interconnected. 


G.    3 — TRANSFORMATION       FROM       THREE- 
PHASE   TO   TWO-PHASE 

Three  single-phase  transformers  with 
the  two-phase  side  interconnected. 


any  apparatus  which  has  no  capacity  for  storing  energy 
at  one  time  and  subsequently  giving  it  out)  it  is  appar- 
ent that  such  a  transformation  is  also  impossible. 

Various  schemes  have,  however,  been  proposed  for 
this  transformation  but  none  of  them  gives  better  results 
than  connecting  a  single-phase  transformer  across  one 
of  the  three  phases.  In  the  case  of  a  star  connected 
source  of  supply,  this  gives  an  equal  current  in  two  of 
the  phases  and  zero  current  in  the  third.  With  a  delta 
connected  source,  two  of  the  phases  have  the  same  cur- 
rent and  the  third  a  current  twice  as  large  as  that  in  the 
other  two.  The  current  therefore  has  a  better  distribu- 
tion with  a  delta  connected  than  with  a  star  connected 
source  of  supply. 

THREE-PHASE   TO   TWO-PHASE 

A  number  of  schemes  for  three-phase  to  two- 
phase  transformation  have  been  devised,  but  the  most 
commonly  used  is  the  Scott  connection  shown  in  Fig.  i, 
which  requires  two  transformers.  In  the  three-phase 
side,  the  number  of  turns  in  the  teaser  winding  is  86.6 
percent  of  the  number  in  the  main  winding.  In  the 
two-phase  side,  the  windings  of  both  transformers  are 
identical  and  independent,  when  supplying  a  two-phase 
four-wire  circuit.  For  the  sake  of  interchangeafaility 
the  main  and  teaser  transformers  are  usually  made  iden- 


two-phase  windings  are  electrically  distinct.  There  are, 
however,  a  number  of  schemes  in  which  the  windings 
on  the  two-phase  side  are  electrically  interconnected,  as 
shown  in  Figs.  2  and  3.  In  both  of  these  transforma- 
tions the  three-phase  side  of  the  transformers  may  be 
connected  in  star  or  delta  as  desired.  When  a  three- 
phase  to  two-phase  transformation  is  desired  in  a 
single  unit,  instead  of  two  or  three  transformers,  either 
of  the  arrangements  shown  in  Figs.  2  and  3,  may  be 
used  with  a  three-phase  magnetic  circuit.  This  con- 
nection is  desirable  when  the  special  design  of  the  single 
unit  is  not  objectionable,  as  compared  to  the  more  stand- 
ard single-phase  transformer  used  for  the  Scott  con- 
nection. 

THREE-PHASE  TO  TWO-PHASE  AND  THREE-PHASE 

By  connecting  to  the  corners  of  the  delta  on  the 
secondary  side  of  the  arrangements  shown  in  Figs.  2 
and  3,  three-phase  current  may  be  drawn  from  the 
transformers  simultaneously  with  the  two-phase  cur- 
rent. The  voltage  however  of  the  two-phase  and  three- 
phase  circuits  will  be  different.  A  connection  giving 
the  same  voltage  two  and  three-phase  on  the  secondary 
side  is  shown  in  Fig.  4.  This  is  the  T-connection  for 
the  three-phase  transformation,  and  Scott  connection 
for  the  three-phase  to  two-phase  transformation. 
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TWO-PHASE  TO  SIX-PHASE 

The  double  Scott  connection  shown  in  Fig.  5  is 
used  where  a  six-phase  synchronous  converter  is  to  be 
operated  from  a  two-phase  supply  system.  This  trans- 
formation requires  two  special  transformers  of  the  same 
impedance,  each  having  two  low  voltage  windings, 
connected  so  that  their  voltages  are  180  degrees  from 
each  other  in  phase  relation  in  order  to  give  the  six- 
phase  system.  Obviously,  considerable  complication  of 
starting  taps  and  switches  results,  often  to  such  an  ex- 
tent that  the  two  units  cannot  be  made  exact  duplicates 


change  of  diametrical  voltage.  If  full  three-phase  out- 
put should  be  desired,  the  coils  can  be  connected  in 
delta,  in  which  case  the  diametrical  voltage  is  increased 
14  percent.  The  full  three-phase  output  at  1.73  times 
the  diametrical  voltage  may  be  obtained  by  connecting 
the  coils  in  star,  in  which  case  the  neutral  should  be 
grounded.  When  full  output  is  required  at  the  same 
voltage  at  either  three-phase  or  six-phase,  the  double 
delta  connection  is  usually  used. 

The  Double-Delta  Connection  requires  two  inde- 
pendent low-voltage  windings  on  each  transformer  as 
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FIG.   4 — TRANSFORMATION       FROM       THREE- 
PHASE   TO   BOTH    TWO-PHASE   AND 
THREE-PHASE 

With   two  single-phase   transformers. 
of  each  other.     In  case  the  neutral  must  be  brought  out 
on  the  six-phase  side  the  complications  are  increased. 

THREE-PHASE  TO  SIX-PHASE 

The  Diametrical  Connection,  shown  in  Fig.  6,  is 
commonly  used  for  the  three-phase  to  six-phase  trans- 
formation. It  requires  one  low-voltage  coil  on  each 
transformer  which  is  connected  to  diametrically  op- 
posite points  on  the  converter  winding.  It  gives  a 
simple  arrangement  of  taps  and  switches  for  starting 
the  converter,  and  continued  operation  at  reduced  ca- 
pacity is  possible  with  one  transformer  out  of  service. 
With  diametrically  connected  low-voltage  windings,  the 
high-voltage  windings  may  be  connected  in  star  or 
delta,  although  the  delta  connection  is  usually  prefer- 


FIG.    5 — SCOTT       CONNECTION        FOR       TWO- 
PHASE,     SIX-PHASE     TRANSFORMATION 

With   two   single-phase   transformers. 


FIG.    6 — DIAMETRICAL        CONNECTION        FOE 

TRANSFORMING    FROM    THREE-PHASE 

TO   SIX-PHASE 

With  three  single-phase  transformers, 
in  Fig.  7.  Both  are  connected  in  delta,  but  one  set  is 
reversed  as  compared  to  the  other,  so  that  the  two 
deltas  are  displaced  180  degrees  in  phase  relation  from 
each  other.  The  high-voltage  side  should  be  connected 
in  delta  as  this  permits  operation  with  two  transformers 
in  case  the  third  should  become  damaged.  Full  output 
three-phase  may  be  obtained  by  connecting  the  two 
halves  of  the  secondary  winding  of  each  transfonner 
in  parallel,  and  the  three  parts  thus  produced  in  delta. 
The  double-delta  connection  cannot  be  used  for  three- 
wire  direct-current  service,  and  in  this  case  separate 
autotransformers  would  be  required  to  obtain  the  neu- 
tral point. 

The  Double-Star  Connection,  like  the  double-delta, 
requires  two  sets  of  low-voltage  coils,  displaced  180  de- 
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FIG.    7— DOUKLE      DELTA      CONNECTION      FOR 

TRANSFORMING    FROM    THREE-PHASE 

TO   SIX-PHASE 

With  three  single-phase  transformers, 
able 


FIG.   8 — DOUliLE       STAR       CONNECTION       FOR 

TRANSFORMING    FROM    THREE-PHASE 

TO    SIX-PHASE 

With  three  single-phase  transformers. 
The  middle  points  of  the  diametrical  windings 
can  be  connected  together  and  brought  out  for  the 
three-wire  direct  current  service,  as  the  unbalanced 
three-wire  direct  current  does  not  give  a  distorting  ef- 
fect. Arrangements  should  then  be  made  for  opening 
the  neutral  connections  when  starting,  to  avoid  short- 
circuit. 

With  a  six-phase  diametrical  connection  with  com- 
mon neutral,  one-half  the  output  can  be  taken  from  the 
low-voltage    side    for    operating    three-phase    without 


To  Synchronous  Converters 
FIG.   0 — DOUIILE  T  CONNECTION   FOR  TRANS- 
FORMING   FROM    THREE-PHASE    TO 
SIX-PHASE 

With   two   single-phase   transformers, 
grees  in  phase  relation   from  each  other  as  in  Fig.  8. 
The  high-voltage  windings  may  be  either  delta  or  star 
connected,  but  perferably  the  former. 

The  Double-T  Connection  for  transforming  from 
three-phase  to  six-phase  is  shown  in  Fig.  9.  Like  the 
double  delta  and  the  double  star  connections,  two  sets 
of  low-voltage  coils  displaced  180  degrees  in  phase  re- 
lation from  each  other  are  required.  The  two  high- 
voltage  windings  are  connected  in  T. 
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J.  F.  Jon; 

THE  remarkable  growth  of  the  electric  power  in- 
dustry during  recent  years  has  been  paralleled  by 
an  equally  remarkable  growth  of  steam  turbme 
driven  generating  units.  So  rapid  has  this  development 
been  that  frequently  before  the  first  machine  of  a  new 
design  was  completed  another  of  materially  greater 
capacity  and  higher  efficiency  was  being  designed. 

While  machines  of  15000  kw  capacity  were  put 
into  operation  as  early  as  1908,  their  use  did  not  become 
general  until  1913;  whereas  today  nearly  every  one  of 
what  may  be  called  our  large  generating  stations  has  at 
least  one  unit  of  30000  kw  capacity  or  larger  in  service 
cr  on  order. 

In  our  chief  cities,  which  are  also  our  chief  indus- 
trial centers,  the  electric  power  industry  has  attained 
its  broadest  development.  Here  the  density  of  power 
consumption,  that  is,  the  rate  of  consumption  per  unit 
of  area,  has  reached  high  values.  These  high  densities 
of  consumption  encourage  the  formation  of  large  public 
service  companies,  both  by  means  of  development,  and 
by  means  of  the  consolidation  of  smaller  ones. 

In  Table  I  roughly  approximate  figures  are  given 
showing  for  several  districts,  each  included  within  a 
circle  of  about  ten  miles  radius;  first,  the  sum  of  the 
maximum  sustained  peak  loads  supplied  by  all  the  public 
service  companies  operating  within  that  district  during 
the  year  of  1917;  and  second,  the  total  capacity  in  kilo- 
watts of  generating  units  which  will  have  to  be  installed 
by  1920,  based  upon  an  estimated  increase  of  peak 
load  of  eight  percent  each  year  and  a  surplus  of  gen- 
erating capacity  installed  above  peak  load  of  twenty 
percent. 

In  the  selection  of  sizes  of  generating  stations  the 
choice  of  sizes  of  generating  units  will  materially  affect 
the  total  cost  of  power  generated.  If  the  sizes  of  units 
be  too  small  and  the  number  too  large,  the  cost  per  kilo- 
watt of  the  station  completed  will  be  greater,  the  main- 
tenance and  operating  expenses  higher,  the  efficiency 
poorer,  and  reliability  at  least  no  greater  than  if  the 
proper  sizes  are  used.  On  the  other  hand,  if  the  units 
be  too  large,  the  cost  per  kilowatt  installed  may  be  too 
large  because  of  the  greater  reserve  or  stand-by  capacity 
required  and  the  efficiency  may  even  be  poorer  by  rea- 
son of  the  units  operating  at  loads  too  far  below  their 
points  of  best  efficiency. 

Take  for  example  a  district  with  a  maximum  peak 
requirement  of  600000  kw  which,  to  insure  proper  re- 
liability, it  is  decided  to  generate  in  three  stations  of  ap- 
proximately equal  sizes.  Assume  that  these  stations 
will  normally  always  operate  in  parallel  with  each  other, 
and  that  there  will  be  one  spare  unit  for  each  five  in 
service  during  the  peak.  If  20000  kw  units  are  used, 
there  will  be  thirty  operating  and  six  spares,  making  a 
total  of  36  units,  twelve  in  each  station.  If  30000  kw 
units  are  used,  there  will  be  a  total  of  twenty  operating 
and  four  spares,  making  a  total  of  twenty-four  units. 


♦Revised  by  the  author  from  a  paper  before  the   Phila- 
delphia Section,  A.  S.  M.  E.,  Nov.  26,  1918. 


eight  in  each  station.  If  40  000  kw  units  are  used,  there 
will  be  a  total  of  fifteen  operating  and  three  spares, 
making  a  total  of  eighteen  units,  six  in  each  station. 
If  60000  kw  units  are  used,  there  will  be  a  total  of  ten 
operating  and  two  spares,  making  a  total  of  twelve,  four 
in  each  station. 

If,  in  order  to  remove  from  this  consideration  of 
ideal  size  of  units  conditions  imposed  by  the  design  of 
the  apparatus,  it  is  assumed  that  irrespective  of  the  size 
the  reliability,  efficiency,  and  purchase  price  per  kilowatt 
will  be  the  same,  it  should  be  obvious  that  the  20000 
kw  size  is  too  small  and  that  best  results  are  to  be  ex- 
pected with  either  the  40  000  or  60  000  kw  sizes,  because 
the  installation  costs,  including  buildings,  foundation^, 
piping,  and  switching  equipment,  and  operating  costs, 
including  maintenance  supplies  and  attendance  would 
be  less  per  kilowatt ;  the  efficiency  higher  because  of  the- 
higher  efficiency  of  the  larger  units,  larger  auxiliaries' 
and  smaller  friction  and  radiation  losses  in  the  larger 
steam  and  water  piping;  and  reliability  greater  because 
of  the  smaller  number  of  operations  of  starting  and 
stopping  and  cutting  in  and  out  of  service  of  units  ne- 
cessary. 

So  far  as  conditions  affected  by  the  design  of  units 
is  concerned,  in  sizes  up  to  at  least  30  000  kw  capacity, 
higher  efficiency  at  the  same  cost  per  kilowatt  is  ob- 
tainable purely  by  reason  of  the  larger  size  and  still 
higher  efficiency  for  a  slight  increase  in  cost  per  kilo- 
watt, and  it  has  been  quite  conclusively  demonstrated 
that  as  high  a  degree  of  reliability  is  obtainable  in  these 
larger  units  as  in  the  smaller  ones.  The  approximate 
relative  steam  consumption  rate  of  units  in  sizes  vary- 
ing from  5000  to  40000  kw,  all  designed  for  the  same 
cost  per  kilowatt,  is  shown  in  Fig.  2. 

While  districts  in  which  the  peak  requirements  of 
any  one  operating  company  are  as  great  as  from  400  ooa 
to  600  000  kw  are  at  the  present  time  not  numerous,- 
there  are  many  which  will  probably  reach  that  stage 
before  installations  being  made  at  this  time  are  expected 
to  become  obsolete.  In  these,  units  of  the  larger  sizes- 
should  be  introduced  to  replace  smaller  ones  as  they 
become  obsolete  and  to  take  care  of  increasing  require- 
ments at  such  a  rate  as  will  effect  the  most  economical 
production  of  power  over  the  estimated  period  of  use- 
fulness of  the  machines  installed.  Numerous  generat- 
ing stations  of  around  200000  kw,  installed  capacity,. 
projected  and  designed  by  the  ablest  engineering  talent 
in  the  country,  are  under  construction  and  in  operation,. 
and  units  of  30  000  kw  and  larger  are  being  employed 
in  them ;  also  stations  of  approximately  300  000  kw  in- 
stalled capacity  are  being  projected  and  will  probably 
be  built  in  the  near  future. 

Appreciating  the  need  of  generating  units  of  large 
capacities  in  the  future  growth  of  the  electric  power  in- 
dustry, the  engineering  staiif  with  which  tlie  writer  is 
associated  several  years  ago  took  up  the  work  of  de- 
signing such  machines,  assured  themselves  of  their 
feasibility,  and  advocated  their  use.     A  number  of  tl;emi 
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have  been  in  operation  several  years,  and  their  expected 
excellence  as  to  reliability  and  efficiency  has  been  fully 
verified. 

Up  to  the  present  time  a  total  of  fourteen  units 
have  been  sold,  varying  in  capacity  from  30000  to 
70000  kw  maximum.  Of  these  eleven  have  been 
shipped,  ten  are  in  service,  and  seven  have  been  in  ser- 
vice for  periods  varying  from  approximately  one  to  five 
years.  The  records  of  performance  of  these  machines 
should  emphatically  remove  any  doubt  as  to  the  com- 
mercial possibility  of  units  of  large  capacity,  and  satis- 
factorily prove  that  at  least  within  limits  not  yet 
reached,  increase  in  size  need  not  impair  reliability,  and 
may  improve  efficiency. 

OPERATING   RECORDS 

The  first  three  of  these  units  were  sold  to  the  Inter- 
borough  Rapid  Transit  Company  of  New  York.     They 


per  day,  on  fluctuating  railway  loads  varying  from 
10000  to  30000  kw.  With  the  first  and  third  no 
troubles  of  any  sort  have  been  experienced  and  they 
have  been  ready  at  all  times  for  any  service  within 
their  designed  capacity  except  when  out  of  service  for 
regular  periodic  inspection,  or  ordinary  maintenance. 
On  the  second  the  labyrinth  packing  on  the  balance 
pistons  of  the  high-pressure  element  has  failed  three 
times,  requiring  renewal  of  some  parts.  The  cause  of 
these  failures  was  at  first  supposed  to  have  been  im- 
proper adjustment,  but  investigations  following  the 
third  failure  indicated  excessive  lost  motion  in  the 
thrust  bearing  and  heavy  distortional  stresses,  caused  by 
rigid  bracing  of  the  steam  pipe  near  the  turbine  as  the 
probable  causes. 

The  fourth  unit,  placed  in  operation  in  the  Norih- 
west  Station  of  the  Commonwealth  Edison  Company, 


FIG.    i — JO  000    KW    SINGLE   LYLlNDhK   'lURBlNE    IN    THE   GOLD    STREET    ST.^TION   OF   THE  BROOKLYN    ElnSUX    CO.MPANY 


are  duplicates,  of  the  two  cylinder,  cross  compound, 
pure  reaction  type,  and  designed  for  maximum  reliabil- 
ity and  efficiency.  They  have  a  maximum  rating  of 
30  000  kw  with  the  point  of  highest  efficiency  at  25  000 
kw,  operating  with  205  pounds  steam  pressure,  120  de- 
grees F.  superheat,  29  in.  of  vacuum  referred  to  30  in., 
the  high-pressure  element  operating  at  1500  r.p.m.,  and 
the  low  pressure  at  750  r.p.m.  The  first  unit  was  put 
in  service  December  30th,  1914,  the  second  in  February 
and  the  third  in  August,  1915.  Very  elaborate  and  ex- 
act steam  consumption  tests  were  conducted  on  the 
£rst  of  these  units.* 

These  units,  since  their  installation,  have  been  op- 
•erating  on  an  average  of  from  sixteen  to  twenty  hours 


Chicago,  in  September,  1917,  consists  of  a  tandem 
compound,  pure  reaction  turbine,  direct-connected  to  a 
single  generator.  It  has  a  rating  of  30  000  kw  with  an 
additional  overload  capacity  of  5000  kw  operating  with 
220  pounds  steam  pressure,  200  degrees  F.  superheat, 
and  29  in.  of  vacuum,  1200  r.p.m.* 

A  few  hours  after  being  put  into  service,  subse- 
quent to  completion  of  erection,  the  labyrinth  packing 
on  the  low-pressure  element  failed,  due,  we  think,  to 
buckling  of  the  cylinder,  caused  by  rigid  piping  connec- 
tions between  the  two  surface  condensers,  which  were 
bolted  rigidly  to  the  two  exhaust  openings  on  the  tur- 
bine, preventing  the  condensers  from  translating  with 
the  turbine  as  its  temperature  increased.  Temporary  le- 


*Scc  article  on  "Efficiency  Tests  of  a  30000  Kw  Cross- 
Compound  Steam  Turbine"  by  H.  G.  Stott  and  W.  S.  Finlay 
;in  the  Journal  for  July,  1916,  p.  335. 


*For  a  detail  description  see  article  on  "The  New  Common- 
wealth Turbine"  by  J.  F.  Johnson,  in  the  Journal  for  June 
1918,  p.  192. 
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pairs  were  made  locally  and  the  unit  put  in  service  in 
about  four  weeks.  It  has  been  operating  almost  continu- 
ously since  without  trouble  of  any  sort,  (except  crack- 
ing of  a  copper  expansion  joint),  carrying  loads  as  high 
as  40  000  kw.  In  one  instance  it  was  kept  on  the  line  for 
seventy-one  days,  and  then  taken  ofif  only  in  ordei  to 
clean  the  condenser.  Material  for  making  permanent  re- 
pairs to  the  labyrinth  packing  was  shipped  to  the  station 
within  a  few  months  after  the  accident,  but  permission 
has  not  yet  been  given  to  take  the  unit  out  of  service 
long  enough  to  install  it. 

The  fif  tla  unit,  a  30  000  kw  pure  reaction  single 
cylinder  machine,  operating  on  200  lbs.  steam  pressure, 
100  degrees  superheat,  29  in.  vacuum,  was  placed  in  op- 
eration in  the  Gold  Street  Station  of  the  Edison  Electric 
Illuminating  Company  of  Brooklyn,  in  October,  1917. 
Owing  to  congestion  in  the  shops  and  urgency  of  ship- 
ment, this  turbine  was  not  operated  prior  to  shipment. 
The  overspeed  test  was  made  after  installation.  No 
correction  of  balance  was  necessary,  and  with  the  ex- 
ception of  a  few  leaks  in  the  oiling  systems,  and  the 
breaking  of  a  defective  gear  on  the  oil  pump  drive,  no 

TABLE   I— LOAD   CAPACITIES   OF  ALL 
COMPANIES 


Sum  of  Max.  Sus- 
District                 ,  tained  Peak  Load, 
1917 

Total  Capacities 

to  Be  Installed 

by   1920 

800000 

400000 

\      250000 

300000 
155000 
155000 

I  190000 
596000 
373CXX3 

447000 
231000 
231  000 

Chicago 

Philadelphia 

Bufifalo    and    Niagara 

Falls 

Detroit 

Boston 

trouble  of  any  sort  has  been  experienced.  It  has  been 
available  for  service  at  all  times,  and  has  been  operating 
almost  continuously  except  over  Sundays  and  when  ne- 
cessary to  clean  the  condensers,  at  average  loads  of 
approximately  23  000  kw,  and  peak  loads  as  high  as 
32  000  kw. 

The  sixth  unit,  placed  in  service  in  December,  1917, 
in  the  Kent  Avenue  Station  of  the  Brooklyn  Rapid 
Transit  Company,  is  a  duplicate  of  the  fifth  machine. 
Just  after  installation  some  rebalancing  of  both  turbine 
and  generator  rotors  was  necessary.  This  unit  was 
opened  in  July,  1918,  at  which  time  a  few  rows  of  high 
pressure  blading  were  found  damaged.  Also  some  in- 
jury to  the  glands  had  occurred,  requiring  new  gland 
parts.  On  October  i8th,  after  having  been  in  service 
approximately  ten  months,  the  thrust  bearing  overheated 
and  wiped  some,  but  did  not  damage  any  other  part  of 
the  machine.  When  opened  for  inspection  it  was  found 
that  the  labyrinth  packing  strips,  which  were  made  of 
an  aluminum  alloy,  were  considerably  corroded  by  the 
action  of  strong  alkalies  used  at  this  plant  for  treating 
feed  water;  and  two  rows  of  blading  in  the  high  pres- 
sure portion  of  the  machine  were  found  to  have  been 
damaged  at  some  previous  time,  caused  probably  by 
foreign  matter  or  a  defective  blade.  This  machine 
was  in  regular  service  up  to  October  i8th,  carrying 


maximum  loads  as  high  as  31  000  kw,  and  an  average 
of  25  000  kw. 

The  seventh  unit  is  a  40000  kw,  60  cycle,  cross- 
compound  machine,  installed  in  the  Brunot's  Island  Sta- 
tion of  the  Duquesne  Light  Company,*  at  Pittsburgh, 
and  was  placed  in  service  in  December,  1917.  The 
high-pressure  element  of  this  machine  operates  at  1800 
r.p.m.  and  the  low-pressure  at  1200  r.p.m.  This  unit 
has  been  in  regular  service  carrying  loads  normally  of 
from  30000  to  40000  kw,  with  peaks  as  high  as  50 
000  kw.  On  February  i8th,  while  operating  the  ma- 
chine to  correct  the  balance  of  one  of  the  generators,  the 
main  bearing  at  the  coupling  end  of  the  high-pressure 
turbine  burned  out,  apparently  due  to  interruption  of  oil 
service  to  that  bearing.  This  let  the  spindle  down  suffi- 
ciently to  cause  rather  heavy  blade  rubs  throughout  the 
machine.  The  bearing  was  re-babbitted  and  the  ma- 
chine put  back  in  service  without  any  other  work  being 
done  except  rechecking  the  clearances  and  placing  a  bal- 
ance weight  on  the  spindle  to  correct  for  the  weight 
rubbed  off  the  blades.  In  July  the  generator  was  dam- 
aged by  an  external  short-circuit,  and  while  the  repair 
was  being  made,  both  elements  of  the  turbine  were  dis- 
mantled.    The  high-pressure  rotor  was  returned  to  the 
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FIG.    2 — RELATIVE    STEAM     CONSUMPTIONS    OF    LARGE    CAPACITY 
TURBINES 

shops,  the  damaged  blading  replaced  and  rebalanced. 
New  blading  was  also  installed  in  the  stator  to  restore 
the  original  clearances  and  original  efficiencies.  In- 
spection of  the  low-presure  element  revealed  several 
broken  blades  which  were  defective  and  had  slightly 
damaged  the  rest  of  the  blading  in  those  rows,  requiring 
replacement  of  approximately  1.5  rows  of  blading  on 
each  end  of  the  machine.  This  tinit  is  now  operating 
with  some  of  the  blades  in  the  last  stage  of  the  high- 
pressure  turbine  missing,  the  blades  having  come  out  of 
the  grooves  when  the  machine  was  operated  at  20  per- 
cent overspeed,  following  the  blading  repairs  in  July. 
Upon  investigation  an  error  in  the  detail  design  was  dis- 
covered; the  rim  thickness  of  the  blade  carrying  ele- 
ment was  unnecessarily  made  too  small  at  the  last  row, 
so  that  the  stresses  through  the  groove  in  the  last  row 
became  excesive.  A  new  blade  carrying  element  is 
being  made  and  will  be  installed  to  correct  this  error. 

The  eighth  unit,  practically  a  duplicate  of  the 
seventh,  rated  at  45  000  kw  maximum,  was  placed  in 
service  for  the  Narragansett  Electric  Light  Company  in 


♦For  a  detail  description  see  article  on  "45  000  Kw  Cross- 
Compound  Steam  Turbine  of  the  Duquesne  Light  Company,' 
by  J.  P.  Rigsby,  in  the  Journal  for  Nov.  1918,  p.  435. 
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Providence  in  January,  1918.  In  placing  this  machine 
in  service  the  labyrinth  packing  on  the  high  pressure 
was  damaged,  due  to  improper  adjustment,  which  ne- 
cessitated temporary  repairs,  keeping  the  machine  out 
of  service  until  about  March  ist.  Since  then  no  trouble 
has  been  experienced  except  some  distortion  of  the 
couplings  caused  by  a  series  of  violent  short-circuits, 
and  some  defective  workmanship  on  the  fitting  of  the 
coupling  keys.  Permanent  repairs  to  the  labyrinth 
packing  have  been  made  and  new  coupling  parts  are  to 
be  installed  in  the  near  future.  In  the  meantime  the 
old  parts  are  operating  satisfactorily  without  any  evi- 
dence of  distress.  This  machine  operates  on  loads  as 
low  as  5000  kw,  and  has  carried  a  peak  load  of  50000 
k\v  for  periods  of  from  four  to  five  minutes. 

The  ninth  unit  is  a  70000  kw,  three  cylinder,  cioss 
compound,  25  cycle  machine,  installed  for  the  Inter- 
borough  Rapid  Transit  Company  in  New  York.  One 
low-pressure  element  was  placed  in  service  April  18, 
1918,  operating  on  high-pressure  steam.  The  high-pres- 
sure element  was  placed  in  service  August  21st,  operat- 
ing in  connection  with  the  low-pressure  element  already 
installed,  and  the  second  low-pressure  element  was 
placed  in  service  October  9th.  Some  intermittent  vi- 
bration trouble  appeared  on  the  first  low-pressure  ma- 
chine, the  cause  for  which  was  found  to  be  lack  of 
sufficient  clearance  on  one  of  the  spindle  rings,  caus- 
ing distortion  during  expansion.  After  this  was  cor- 
rected no  further  trouble  was  experienced  except  the 
breaking  of  a  few  defective  blades  on  the  intennediate 
stage  of  the  second  low-pressure  element.  This  unit 
is  equipped  with  an  automatic  control  mechanism  for 
cutting  any  element  out  of  service,  either  automatic- 
ally or  manually,  without  disturbing  the  other  tv>'0. 
These  features  have  been  given  a  thorough  try  out 
which,  so  far  as  a  demonstration  goes,  has  verified  all 
expectations  as  to  flexibility  of  this  feature.  In  regular 
service  it  has  carried  loads  as  high  as  55  000  kw,  vi'ith 
swings  up  to  61  000  kw. 

While  these  records  do  not  all  show  100  percent 
perfection  in  all  respects,  they  do  show  that  in  not  one 
instance  has  there  been  any  evidence  of  inherent  or 
basic  defects  in  design  or  difficulties  in  construction  or 
operation.  Some  troubles  have  been  experienced  but 
these  have  all  been  of  minor  character,  due  to  avoidable 
defects  in  detail  design,  construction,  installation,  or 
operation;  such  as  are  experienced  with  new  designs 
of  any  size  or  sort.  The  detail  design  of  the  labyrinth 
packing,  which  has  caused  most  of  the  trouble,  has 
been  modified  so  that  contact  in  the  labyrinth  packing, 
due  to  distortion  or  improper  adjustment  will  not  re- 
sult in  injury  to  the  machine,  nor  require  its  immediate 
removal  from  service.  It  is  significant  that  with  one 
exception  no  important  pant  of  any  one  of  these  units 
has  ever  been  returned  to  the  works  for  replacement, 
alteration,  or  repair.  The  high-pressure  rotor  of 
the  Duquesne  Light  Company  unit  was  returned 
to  the  shops  for  checking  for  truth  and  reblading. 
While  most  of  them  have  not  been  subjected  to  any  ac- 


curate steam  consumption  tests,  definite  reductions  in 
station  coal  consumption  rates  were  affected  by  their 
installations. 

TURBINE    DESIGN    PRINCIPLES 

The  foregoing  discussion  naturally  leads  to  a  con- 
sideration of  some  of  the  more  important  problems  of 
large  steam  turbine  design,  and  of  their  solutions.  The 
theoretical  or  thermodynamic  design  of  a  steam  turbine 
is  in  itself  quite  simple.  The  proper  steam  path  for 
any  assumed  rate  of  steam  flow,  giving  the  number  of 
stages  and  areas  through  each  for  any  given  or  as- 
sumed blade  velocity  or  velocities  and  assumed  ratio 
of  steam  velocity  to  blade  velocity  may  be  determined 
with  the  aid  of  a  steam  table  or  sufficiently  accurate 
Mollier  diagram,  giving  specific  volumes.  To  the  above 
then  need  only  be  added  a  speed  regulating  device,  con- 
sisting of  some  form  of  centrifugal  governor  controlling 
a  steam  inlet  valve,  and  an  oiling  system. 

The  successful  practical  design,  however,  is  quite 
involved,  comprising  many  problems  worthy  of  the 
highest  engineering  skill.  Many  conflicting  factors 
must  be  most  judiciously  combined  in  order  to  secure 
the  best  evenly  balanced  design  and  one  which  will 
serve  the  purpose  for  which  it  was  intended  most  use- 
fully. 


FIG.   3 — DIAGRAM    SHOWING    THE    SPECIFIC    VOLUMES    OF    STEAM    AT 
VARYING   PRESSURES 

In  this  as  in  all  other  arts,  carefully  studied  and  ac- 
curately judged  experience  is  the  great  teacher,  and 
highest  success  is  attained  only  after  years  of  growth, 
adhering  to  the  same  basic  design,  the  principles  of 
which  must  be  right  and  therefore  susceptible  of  the 
highest  development. 

To  begin  with,  the  engineer  must  have  a  clear 
vision  of  his  ideal,  his  turbine  made  perfect  in  every 
detail.  This  must  be  the  standard  toward  which  he 
constantly  strives,  deviating  from  it  only  as  compelled 
to  do  so  in  compromising  between  conflicting  factors. 
In  this  ideal,  reliability  and  general  operative  excellence 
must  stand  out  as  the  dominating  characteristics,  be- 
cause above  all  things  the  machine  must  be  dependable 
to  deliver  its  rated  capacity  of  kilowatts  upon  demand ; 
second  to  this  comes  efficiency  because  it  must,  in  com- 
petition with  other  units,  yield  a  profit  for  the  owner; 
and  third  comes  cost,  because  the  unit  must  be  salable 
in  competition. 

The  first  and  perhaps  greatest  single  problem  is 
suggested  in  the  theoretical  design,  viz.,  that  of  pro- 
viding areas  suitable  to  accommodate  the  enormous  in- 
crease in  volume  of  the  steam  while  passing  through 
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the  turbine.  Steam  supplied  at  the  throttle  at  250  lbs. 
gauge  pressure  and  150  degrees  F.  superheat  enters  the 
first  stage  at  a  pressure  of  about  255  lbs.  absolute  and 
a  specific  volume  of  2.28  cubic  feet  per  pound,  (allow- 
ing ten  lbs.  drop  tlirough  tlie  throttle  and  inlet  valves). 
It  leaves  the  last  stage  at  380  cu.  ft.  per  pound  when  a 
28.5  in.  vacuum  is  maintained  by  the  condenser,  and 
550  cu.  ft.  per  pound  when  a  29  in.  vacuum  is  main- 
tained; that  is,  the  volume  when  exhausting  to  28.5  in. 
vacuum  is  166.5  times,  and  when  exhausting  to  29  in.  is 
241  times  as  large  as  it  is  at  the  entrance.  This  means 
that  if  the  rate  of  steam  flow  is  such  as  to  require  an 
18  in.  steam  inlet  pipe,  and  if  its  velocity  were  main- 
tained the  same  through  the  exhaust  as  through  the 
inlet  pipe,  the  exhaust  opening  when  expanding  to  28.5 
in.  vacuum  would  have  to  be  19  ft,  4  in.  in  diameter, 
and  when  expanding  to  29  in.  vacuum,  23  ft.,  4  in.  in 
diameter,  or  if  the  mean  diameter  and  exit  angle  of  all 
the  rows  of  blading  be  the  same  and  the  ratio  of  blade 
speed  to  steam  speed  be  the  same  in  each,  thereby  keep- 
ing the  theoretical  efficiency  of  all  stages  equal,  and  if 
these  blade  and  steam  speeds  be  so  chosen  as  to  fix  the 
height  of  tlie  blades  in  the  first  stage  at  one  inch,  the 
last  row  would  have  to  be  appro.ximately  13  ft.  10.5  in. 
if  designed  for  28.5  in.  vacuum,  and  20  ft.,  i  inch  if 
designed  for  29  in.  vacuum.  This  enormous  increase 
in  volume  is  shown  in  Fig.  3.  The  impracticability  of 
adhering  to  such  proportions  in  actual  designs  is  ob- 
vious. 

Here  is  where  the  combining  of  conflicting  factors 
begins.  In  the  first  stages  the  areas  and  blade  heights 
should  be  kept  large  in  order  to  reduce  the  losses,  and 
in  the  low-pressure  stages  the  desirable  sizes  must  be 
sacrificed  on  account  of  practicable  limits  of  mechanical 
design.  In  single  cylinder  machines  where  the  bladipg 
i.s  all  on  the  same  spindle,  the  problem  becomes  doubly 
difficult. 

The  first  determination  is  that  of  rotative  speed, 
which  is  usually  not  difficult  to  make,  since  the  fre- 
quency of  the  generator  restricts  the  permissible  speeds 
to  a  few  and  these  are  rather  widely  separated.  The 
limiting  capacities  at  the  various  permissible  rotative 
speeds  for  which  generators  can  be  built  must  also  be 
considered,  although  at  the  present  time  the  practicable 
limits  of  turbines  and  polyphase  generators  are  reached 
at  approximately  the  same  capacities. 

The  chief  factor  in  the  selection  of  the  rotative 
speed  is  the  design  of  the  last  row  of  blades  with  refer- 
ence to  height,  diameter  and  exit  angle,  because  this 
i?  the  most  important  stage  in  the  whole  turbine.  In  it 
the  mechanical  stresses  and  fatiguing  effect  of  vibra- 
tion, the  B.t.u.  drop,  and  physical  dimensions,  are  all 
greatest.  Consequently,  upon  it  depends  largely  the  re- 
liability, efficiency,  and  cost  of  the  unit. 

Here  the  temptation  of  reward  in  high  efficiency 
without  appropriate  higher  cost,  by  departing  from 
known  reliable  and  conservative  practice  in  the  employ- 
ment of  materials  and  stresses,  is  greatest,  and  the  en- 
gineer must  needs  keep  both  eyes  firmly  fixed  upon  his 
ideal,  lest  he  be  led  astray  by  the  alluring  appeals  of  a 


daring  commercialism.  Here  must  be  considered  the 
alternatives  of  a  higher  rotative  speed  with  the  low- 
pressure  stage  made  multiflow  as  against  a  slower  ro- 
tative speed  and  single  flow  construction.  The  length 
of  blades  must  not  be  excessive  widi  reference  to  the 
diameter,  not  only  because  of  the  higher  stresses  in  the 
blades  and  rotor,  but  also  because  the  difference  in 
velocity  of  the  blades  at  their  tips  and  at  their  roots,  as 
well  as,  die  difference  in  blade  spacing  will,  if  too 
great,  materially  impair  the  efficiency. 

On  the  other  hand,  if  the  area  tlirough  the  blades 
is  too  much  restricted,  the  steam  velocity  will  become 
too  high  and  tlie  bearing  losses  too  great.  If  this  re- 
striction is  carried  to  the  extreme,  the  steam  in  passing 
through  the  last  row  of  blades  may  even  reach  its 
critical  velocity  without  expanding  entirely  down  to  the 
condenser  pressure,  in  which  event  the  remainder  of 
the  expansion  takes  place  in  the  form  of  an  explosion 
upon  leaving  die  blade  passages,  and  from  it  only  a 
small  percentage  of  the  energy  is  recovered. 

In  order  therefore  to  secure  the  most  satisfactory 
design  for  the  last  stages,  and  in  order  to  prevent  the 
stresses  or  physical  dimensions  with  .he  ever  present 
cost  from  becoming  prohibitive,  several  compromise 
features  are  employed.  The  first  of  these  consists  of 
increasing  the  rotor  diameter  and  blade  heights,  if  ne- 
cessary, until  the  safe  limit  of  stress  is  reached,  keep- 
ing the  blade  height  within  approximately  one-fourth 
of  the  rotor  diameter  as  a  limit  of  good  practice.  The 
materials  of  which  the  rotor  and  blades  are  made  will 
of  course  determine  the  safe  stresses,  and  on  accoimt 
of  the  gi-eat  importance  of  safety  and  reliabilitj'  in 
these  parts,  only  good  quality  of  plain,  or  five  percent 
nickel  low  carbon  steels  should  be  used,  because  these 
are  commercially  common  materials,  uniform  in  quality 
and  do  not  require  sensitive  heat  treatments. 

For  rotors,  cast  or  forged  steel  having  a  tensile 
strength  of  70  000  lbs.,  true  elastic  limit  of  28  000  to 
30000  lbs.,  and  elongation  of  18  percent  in  two  inches 
may  be  stressed  to  20  000  lbs.  per  sq.  in.,  and  for  blades, 
five  percent  nickel  steel  having  a  tensile  strength  of  85 
000  lbs.  and  true  elastic  limit  of  35  000  lbs.,  may  be 
stressed  to  25  000  lbs.,  both  at  20  percent  overspeed.  The 
stresses  at  normal  operating  speed  will  therefore  be 
13900  and  17350  lbs.  respectively,  and  the  factor  of 
safety  against  rupture  approximately  five. 

Increasing  the  diameter  not  only  permits  increasing 
the  blade  height,  but  also  the  steam  speed  without  ma- 
teriallly  affecting  the  efficiency,  by  reason  of  the  in- 
crease in  blade  speed.  There  is,  however,  a  slight 
falling  off  in  efficency  with  the  higher  speeds,  even 
though  the  ratio  of  blade  to  steam  speed  be  kept  prac- 
tically constant,  because  the  actual  velocity  of  the  steam 
with  reference  to  the  blade  being  greater,  the  frictional 
losses  will  be  greater. 

The  second  compromise  consists  of  increasing  the 
steam  passage  area  through  the  blades  by  changing  the 
blade  shape  (Fig.  4).  This  change  increases  the  angle 
between  the  direction  of  steam  flow  from  the  blade  and 
the  direction  of  the  blade,  and  a  slight  impairment  of 
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efficiency  results  therefrom.  However,  this  loss  is  slight 
compared  to  the  gain  from  the  higher  ratio  of  blade 
speed  to  steam  speed  resulting  from  the  increased  area. 
This  practice  is  standard  on  practically  all  condensing 
machines  built  for  high  vacua. 

The  third  compromise  consists  of  permitting  the 
steam  speed  to  increase  without  a  corresponding  in- 
crease in  blade  speed,  thereby  decreasing  the  ratio  of 
blade  speed  to  steam  speed,  and  increasing  the  leavmg 
losses.  This  compromise  may  properly  be  employed  up 
to  the  point  where  the  loss  of  efficiency  will  justify  the 
increased  expense  of  greater  blade  areas,  which  may 
necessitate  dropping  to  a  lower  rotative  speed,  or  em- 
ploying multiple  stages. 

Two  or  more  low-pressure  stages  in  multiple,  in 
connection  with  a  single  high-pressure  stage,  are  used 
when  the  required  areas  cannot  be  obtained  with  a  single 
stage  element  at  the  rotative  speed  chosen,  and  when  it 
is  more  feasible  to  employ  multiple  stages  than  a  lower 
rotative  speed.     Other  considerations  favoring  multiple 


FIG.   4 — SPECIAL  SHAPED  BLADES   IN  LAST  ROW 

To  secure  greater  area  without  increase  in  height. 

Stages  are  (i),  reduced  physical  dimensions  of  the  ex- 
haust chambers,  simplifying  both  the  ribbing  and  brac- 
ing necessary  to  maintain  the  proper  rigidity;  and  the 
cylinder  supporting  structure,  including  foundations; 
and  (2),  limitations  of  shipping  dimensions  established 
by  transportation  companies. 

The  design  of  the  higher  stages  usually  involves 
only  an  equitable  selection  of  diameters,  blade  speeds, 
and  steam  speeds.  Keeping  these  low  results  in  low 
stresses  and  high  efficiency,  but  large  number  of  stages, 
and  high  cost;  while  keeping  them  high  reduces  the 
lengtli,  weight,  and  cost,  but  increases  the  stresses  and 
impairs  the  efficiency. 

If  the  steam  volumes  in  the  first  stages  are  rela- 
tively small  for  the  rotative  speed  employed,  as  would 
be  occasioned  by  the  use  of  high  steam  pressure  or 
low  rating,  a  double  velocity  stage  impulse  element  may 
often  be  employed  to  advantage ;  the  advantages  secured 
being  reduction  of  length,  increased  diameter,  reduced 
pressure  and  temperature  inside  tlie  main  cylinder,  and 
adaptability  for  varying  overload  capacity,  but  not  in- 
creased efficiency  nor  decreased  cost. 

Having  fixed  the  rotative  speed  to  secure  proper 
design  of  the  low-pressu'^e  stages,  and  the  diameters  and 


steam  speeds  of  the  high  pressure  stages  to  give  the 
highest  economy,  the  length  of  the  rotor  may  become 
excessive,  necessitating  its  division  into  two  parts  in 
order  to  maintain  requisite  reliability.  These  parts 
may  be  arranged  either  in  tandem  form,  driving  a  single 
generator,  or  in  cross-compound  form  driving  two  gen- 
erators. When  arranged  cross  compound  it  will  often 
be  found  advantageous  to- increase  the  rotative  speed  of 
the  high-pressure  element,  thereby  gaining  reduced 
physical  dimensions,  weight,  and  cost,  without  sacri- 
fice of  efficiency  or  reliability.  The  multi-cylinder  con- 
struction is  especially  desirable  in  the  employment  of 
high  steam  pressures  and  superheats  in  that  the  high- 
pressure  turbine  structure  is  small,  and  there  is  no  dan- 
ger of  stress  complications  resulting  from  wide  temp- 
erature differences  and  no  transmission  of  heat  through 
tlie  cylinder  walls  from  the  high-pressure  to  tlie  low- 
pressure  stages.  It  has  a  further  advantage  in  these 
days  of  increasing  steam  conditions  in  that  a  unit  may 
be  designed  for  given  steam  conditions  and  later  rede- 
signed for  materially  higher  conditions,  the  redesign  be- 
ing entirely  carried  out  in  the  high-pressure  element. 

In  units  of  60  000  kw  or  larger,  the  three-cylinder 
cross-compound  construction  employing  one  high-pres- 
sure and  two  low-pressure  elements,  possesses  the  ad- 
vantages of  high  efficiency  and  reliability  without  em- 
ploying excessively  large  structures,  and  has  greater 
flexibility  than  is  possible  with  either  of  the  other  con- 
structions. This  flexibility,  enabling  the  high-pressure 
element  to  operate  with  either  low-pressure  element,  or 
either  of  the  three  elements  to  operate  alone,  admirably 
adapts  it  for  use  in  systems  not  yet  large  enough  to  per- 
mit employing  a  single  unit  of  so  large  capacity.  These 
units  may  be  provided  with  a  control  mechanism  by 
means  of  which  either  of  the  elements  may  be  taken 
out  of  service  either  automatically  or  manually,  through 
the  operation  of  circuit  breakers  or  automatic  stop 
governor,  and  the  remaining  ones  will  continue  to  oper- 
ate, carrying  loads  up  to  be  maximum  ratings  of  tneir 
generators.  The  low-pressure  elements,  when  operating 
on  high-pressure  steam  direct,  may  be  made  to  carry 
loads  for  short  periods  considerably  in  excess  of  the 
rated  capacities  of  their  generators. 

The  present  and  prospective  future  growth  of  the 
electric  power  industry  requires  generating  units  of 
large  capacities.  Such  units  have  been  built  and  are 
commercially  successful;  and  there  appears  to  be  no 
engineering,  manufacturing,  nor  economic  hindrances 
to  their  general  use.  As  in  all  other  commodities,  the 
supply  of  turbine  generating  units,  both  with  respect  to 
capacity  and  quality,  will  be  very  largely  determined 
by  the  demand.  Competition  will  force  the  manu- 
facturer in  designing  and  building  these  machines,  to 
give  the  same  relative  importance  to  their  three  chief 
characteristics  as  is  given  them  by  the  purchaser  when 
buying.  The  engineer's  ideal  cannot  be  attained  unless 
the  purchaser,  after  critical  analysis,  insists  upon 
reliability  and  general  operative  excellence  as  of  first 
importance;  efficiency  second;  and  cost  third. 


octofj  on  Cooperation 


L.  J.  Davis 

Railway  Dept.,  Westinghouse  Klectric  &  Mfg.  Company, 

Detroit,  Mich. 


WELL,  Dad,  I  guess  I'll  quit  this  job  an  go  some 
place  where  they  got  some  o'  that  co-operation 
the  old  man  was  talkin'  about  in  the  meetin' 
the  other  day.  You  can't  get  none  in  this  hole.  All 
these  guys  is  out  fur  number  one  and  nobody  else. 
You've  worked  in  a  lot  o'  shops,  where  is  there  one 
where  tliey  got  some  ?" 

"Son",  the  old  man  said,  "you  said  somethin',  an' 
as  tliis  is  the  last  Sunday  we're  gonna  have  it  easy  till 
long  after  New  Years,  I'm  gonna  preach  a  little  to  you 
and  these  guys  that's  alius  hollerin'  about  every  place 
bein'  better'n  the  one  they  work  in." 

The  old  inspector  whittled  off  some  shavings  of 
natural  leaf,  filled  his  pipe  and  when  it  was  going  well, 
started  in. 

"This  here  matter  of  co-operation  is  ginerally 
looked  at,  as  the  Good  Book  says,  through  a  glass 
darkly.  You  hear  a  lot  about  it  from  guys  you  think 
knows  all  they  is  to  know  on  the  subjeck  an  you  come 
away  all  lit  up  with  the  idee  that  they  has  give  you  a 
new  kind  o'  grease  that's  a  gonna  make  things  run 
smooth  and  never  have  to  be  give  no  attention.  From 
now  on  the  other  guy  is  a  gonna  see  things  jes'  like  you 
see  'em  and  they  ain't  gonna  be  no  more  argements. 
Things  is  shore  gonna  run  smooth." 

"Right  here  I  wanta  tell  you.  Jack,  and  you  other 
mourners  tliat  is  a  listenin'  to  this  here  sermon,  that 
when  two  cog  wheels  is  a  runnin'  together  they  both  gits 
wore,  and  when  you  puts  grease  on  'em  it  is  callated  to 
help  'em  both,  not  only  one." 

"This  here  word  co-operation  means  just  one  thing 
and  nothin'  else, — workin'  together.  This  here  uni- 
verse is  a  runnin'  as  a  combination  o'  things,  but  not 
people,  jes'  workin'  together.  Them  there  stars  you 
see  at  night  is  all  different,  but  they  works  together. 
The  sun  and  the  rain  worked  together  to  make  that 
there  red  apple  you're  eatin'.  Jack.  You  never  see 
none  o'  them  things  doin'  a  mite  more'n  their  stint, 
though." 

"We  don't  deserve  no  more  credit  fur  jes'  work- 
in'  together  than  we  do  because  we  breathes  the  same 
air,  if  we  all  sleeps  together  in  the  same  room.  None 
of  them  things  is  up  to  us.  We  got  to  do  it  whether 
we  wants  to  or  not  because  its  all  part  of  a  plan  fur  this 
ol'  world." 

"But,  Dad,  that  ain't  the  kind  o'  co-operation  the 
old  man  talked  about  at  all.  He  said  we  needed  co-op- 
eration to  be  happy.  He  said  co-operation  was  some- 
thin'  we  needed  and  was  hard  to  get  an'  if  we  got  it  we 
deserved  a  lot  o'  credit  'cause  it  took  a  lot  o'  tryin'. 
Now  you  come  along  and  say  it  ain't  our  fault  at  all 
that  we  got  it,  cause  it  was  wished  on  us  anyhow.  I 
don't  git  you,  Dad,  at  all." 

"Well,  son  you  jes'  listen  a  mite  longer  and  I'll 
make  it  so  clear  even  you  can  see  it.     See  that  there 


axle  bearing.  They  is  a  iron  shell  and  a  babbitt  linin'. 
Them  two  metals  is  co-operatin'.  Somebody  put  'em 
together  and  they  can't  help  makin'  a  bearing.  Take 
a  little  look  at  the  end.  See  that  crack  between  the 
babbitt  and  the  iron.  They  is  separated  a  wee  mite. 
They  make  a  pretty  fair  bearing  at  that  till  a  little  oil 
or  water  gits  between  'em,  and  they  separate  further. 
The  babbit  gits  loose  and  quits  the  job  cause  the  woik 
is  too  hard  and  it  ain't  gittin'  its  idee  of  co-operation 
from  the  iron,  and  trouble  begins." 

"See  that  there  other  bearing.  That's  a  brass 
bearing  with  a  babbitt  linin'.  You  don't  see  no  crack 
between  them  two.  No  sir!  them  metals  is  not  only 
co-operatin'  because  some  guy  poured  'em  together  but 
they  is  amalgamatin'.  They've  got  so  close  together  on 
the  job  that  one  is  a  part  of  the  other  and  when  the 
babbitt  is  wore  down  it  don't  try  to  slip  out  and  leave  it 
up  to  the  brass,  it  sticks  and  the  brass  takes  more  load 
than  it  signed  up  for  and  don't  holler  till  the  whole 
works  is  all  het  up — until  it's  done  all  it  can.  That's 
what  the  old  man  was  tryin'  to  get  into  you  guys,  not 
co-operatin' — you  got  to  work  together  either  here  or 
some  place  else — but  amalgamation.  The  idee  of  this 
job  bein'  up  to  you,  an'  that  job  up  to  me,  with  the  rot- 
tcnest  job  ginerally  up  to  you,  is  co-operatin'  or  jes' 
workin'  together.  The  idee  of  every  job  bein'  up  to 
us,  with  a  leetle  the  biggest  end  on  me  is  amalgama- 
tin'." 

"But,  Dad,  that  ain't  no  fault  of  the  babbit  an'  the 
brass.  They  nacherly  amalgamates.  Take  me  and 
some  Pollack  fur  instance,  we  don't  nacherly  amalga- 
mate, and  we  can't  never  get  along  together." 

"That  goes,  Jack,  if  you  and  the  Pollack  ain't  hu- 
man and  ain't  supposed  to  have  brains.  A  lot  o'  trees 
grows  up  together,  each  one  keepin'  separate  and 
tryin'  to  git  higher'n  the  other.  They  can't  do  nO' 
other  way  if  they  want  to.  They  can't  move  to  give 
no  saplin'  a  chance  to  grow  and  make  the  grove 
bigger.  You  gotta  be  a  human  bein'  an  have  brains 
to  take  part  of  another  guy's  load  when  your  own 
back's  about  broke,  just  cause  you  want  to  feel  that 
you  helped  some  guy  out  and  that  you  had  a  hand  in 
doin'  somethin'  worth  while.  You  know  all  the  time 
that  the  extra  pay  you're  gonna  git,  is  the  better 
taste  you  git  out  of  your  pipe  that  night  when  you  set 
and  think  it  over  and  say,  'them  transportation  guys 
can't  ride  the  old  man  tomorrow  cause  they  didn't  have 
cars  enough,  fur  the  barn's  empty  and  I  helped  do  it.'  " 

"They's  a  lot  o'  ginks  all  over  the  country  quittin* 
their  jobs  an'  claimin'  the  reason  is  because  they  kin 
git  more  money,  when  the  facts  is  that  they  is  dissat- 
isfied where  they're  at  just  like  you  are,  because  they 
think  all  the  givin'  up  has  got  to  be  done  by  the  other 
feller  and  none  by  them.  Son,  they  ain't  no  place  where 
that's  done  reglar." 
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"Try  this  here  amalgamatin'  game  awhile  and 
you'll  find  out  that  tlie  job  you  got  and  the  gang  in  this 
here  barn  is  better'n  you  kin  find  most  places.  TheyV-  a 
funny  rule  about  this  game,  though,  tliat  you  gotta  al- 
ius remember  or  you  lose.     Its  up  to  the  guy  that  feels 


he's  jest  a  little  better'n  another  guy  to  lead  first,  every 
hand." 

"Well,  its  ten  minutes  after,  an  she  ain't  blowed,  so 
I  guess  the  ol'  man  has  picked  out  this  here  Sunday  to 
amalgamate  a  little  hisself". 


THE 
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The    porposa    of    this    section    ii    to    present 

accepted  practical  methode  used  by  operating 

companies   throaghoat   tiie   conntry. 


The   co-operation   of    all    those    interested    in 
operating  and  maintaining  railway  equipment 
is  invited.     Address  R.  O.   £>.   Editor. 


Railway  Motor  Testing— I 


This  subject  is  of  such  importance  that  it  will  be  subdivided 
and  treated  under  four  main  headings,  as  follows : 
1 — Testing  apparatus. 
2 — Armature   testing. 
3 — Field    or    frame    testing. 
4 — Assembled   motor   testing. 

TESTING  APPARATUS 
There  are  a  number  of  different  methods  of  testing  rail- 
way apparatus.  The  most  important  of  these  will  be  considered 
by  describing  the  general  make  up  of  the  apparatus  required, 
scheme  of  connections,  current  supply  and  the  various  tests 
that  can  be  made  by  using  this  apparatus. 

An  Insulation  Testing  Box  consists  of  a 
transformer,  mounted  in  a  case,  fitted  with  a 
pilot  lamp,  line  switch,  circuit  breaker  or  fuse, 
and  dial  switch  to  regulate  the  voltage  as  shown 
in   Fig.   I. 

Source  of  current — no  volt  alternating-cur- 
rent circuit. 
Uses —  Test  for  grounds. 

Test      for     insulation 

breakdowns. 
Test     commutators     for 
short-circuits. 


A  Lighting-Out  Line  consists  of  a  bank  of  five  no  volt 
lamps  connected  in  series,  mounted  on  a  stand.  One  end  of 
the  lamp  bank  wire  is  connected  to  the  trolley  circuit,  and  the 
other  end  used  as  one  of  the  terminals  of  the  testing  circuit. 
The  other  terminal  of  the  testing  circuit  comes  from  the  rail 
or  ground  connection,  as  shown  in  Fig.  4. 

Source  of  current — 500  volt,  direct-current  trolley  circuit. 
Uses —  Test  for  grounds. 

Test  for  open  circuits. 
Test  commutators  for  short-circuit. 
A  Telephone  Receiver  Set  consists  of  several  dry  cells  con- 
nected in  series  with  a  small  buzzer,  with  two  terminals  that 
are   applied    to    the    commutator    surface    a    few 
bars    apart,    as    shown    in    Fig.    5.      A    telephone 
receiver   connected   to   two   other   terminals   that 
are  held  on  adjacent  commutator  bars  is  used  to 
explore  the  coils  located  about  midway  between 
the  terminals  from  the  buzzer  circuit. 

Source  of  current — The  batteries  in  the  test- 
ing set. 
Uses^  Test    wound     armatures 

for    short-circuits,    for 


-PORTABLE  BENCH 
OUTFIT 


:VrE  TESTING 


—PORTABLE    ARMATURE 
TESTING  YOKE 


-COIL  TESTING  OUTFIT  WITH 
WATTMETER 


An  Armature  Testing  Yoke  consists  of  a  laminated  iron 
core  with  two  straight  sides  set  at  an  angle  to  better  fit  the 
surface  of  the  armature  core  as  shown  in  Fig.  2.  Around  this 
core  is  wound  a  coil  of  wire,  (exciting  coil),  which  is  connected 
to  the  power  line  through  a  switch. 

Source  of  current— no  volt  alternating-current  circuit. 

Uses —  Test   wound   armatures    for   short-cir- 

cuits,   open    coils,    and    reversed    or 
crossed  coils. 

A  Coil  Testing  Outfit  is  made  up  of  an  E  shaped  laminated 
core  with  a  detachable  laminated  yoke  as  shown  in  Fig.  3.  A 
coil  of  wire  (exciting  coil)  is  wound  on  the  middle  leg  of  the 
core  and  two  coils  on  the  back  of  the  E  shaped  core,  one  on 
each  side  of  the  middle  leg.  These  two  coils  are  alike  and  are 
connected  in  series  to  buck  one  another,  so  that  under  normal 
conditions,  no  current  flows  through  them.  A  wattmeter  or  a 
telephone  receiver  is  put  in  this  circuit  to  detect  any  current 
that  might  fiow,  due  to  a  magnetic  unbalancing  caused  by  a 
short  circuit  in  the  coil  that  is  being  tested. 

Source  of  current — no  volt  alternating-current  circuit. 

Uses —  Test  for  short-circuit  in  coils. 


open  coils,  and  for  reversed  or 
crossed  coils. 

As  a  substitute  for  the  batteries,  a  small  bell  ringing  trans- 
former can  be  used  where  the  primary  coil  (large  number  of 
turns)  is  connected  to  the  no  volt  alternating-current  lighting 
circuit  and  the  secondary  coil  (small  number  of  turns)  is  con- 
nected to  the  testing  circuit  to  replace  the  batteries.  In  place 
of  the  bell  ringing  transformer  a  no  volt  alternating-current 
circuit  direct  through  a  lighting  out  line  can  be  used  as  a 
source  of  power. 

The  "New  Century"  Tester  is  a  special  modification  of  the 
testing  outfits  shown  in  Figs.  5  and  7,  with  all  the  apparatus 
mounted  in  a  self-contained  box.  When  testing  the  fields,  as 
shown  in  Fig.  6,  the  readings  are  obtained  by  sliding  the  pointer 
knob  along  the  scale  to  a  point  where  two  distinctly  separate 
sounds  in  the  receiver  become  one,  and  from  a  table  of  values 
supplied  with  the  outfit,  the  condition  of  the  coil  is  determined. 
The  armature  test  is  a  bar-to-bar  test,  using  a  telephone  re- 
ceiver and  a  contact  fork. 

Source  of  current — no  volt  direct-current  circuit. 

Uses —  Test    field    coils    and    armatures    for 

short  circuits,  open  circuits  and 
grounds. 
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A  Bar-to-Bar  Set  consists  of  variable  resistance  connected 
in  scries  with  an  ammeter,  a  switch,  a  source  of  power  and  two 
terminals  that  are  connected  to  the  commutator  approximately 
90  degrees  apart.  A  millivolt  ineter  with  the  leads  placed  on 
two  adjacent  commutator  bars,  is  used  to  explore  the  coils 
located  about  midway  between  the  terminals  from  the  ammeter 
circuit. 

Source  of  current — 500  volt  direct-current  trolley  circuit. 

Uses —  Test    wound    armatures    for   short-cir- 

cuits, open  coils  and  reversed  or 
crossed  coils. 

Trolley 


FIG.   4 — LIGHTING   OUT   LINE 


FIG.   5 — TELEPHONE  RECEIVER  SET 


Insulation  Resistance — To  check  the  insulation  resistance  of 
a  motor,  connect  a  high  reading  voltmeter  in  series  with  the 
machine  or  apparatus  to  be  tested  and  connect  leads  to  trolley 
and  ground,  as  shown  in  Fig.  8.  The  insulation  resistance  is 
found  by  subtracting  the  meter  reading  through  the  insulation 
from  the  meter  reading  on  the  line  direct  and  multiplying  this 


FIG.    6 — NEW   CENTURY  TESTER 


result  by  the  resistance  of  the  volt  meter  and  then  dividing  by 
the  meter   reading  through   the   resistance.     This  is   shown   in 
the  form  of  an  equation  as  follows : 
r  (d-(f,) 
R  =  ■ • 


Where  R  =  the  insulation  resistance 

r   =:z  the  resistance  of  voltmeter 
d  =^  the  deflection  of  the  meter  on  the  line  direct. 
di  =  the  deflection  of  the  meter  with  the  insulation 
in  series. 
Source  of  current — 500  volt  direct-current  trolley  circuit. 
Uses —  Measure    the    insulation    resistance   of 

coils  and  of  completely  wound  ma- 
chines. 
Polarity  of  Motor  Field  Coils — The  apparatus  for  this  test 
consists  of  a  switch  and  one  or  more   resistors   connected  in 
series  with  the  trolley  and  the   rail  or  ground  with  two  ter- 
minals connected  to  the  motor  field  coils  assembled  in  the  motor 
frame.     When   the   switch   is   closed,   the  fields   are   tested   for 
polarity  by  means  of  a  compass  needle,  as  shown  in  Fig.  9. 
Source  of  current — 500  volt  direct-current  trolley  circuit. 
Uses —  Test    the   polarity    of    assembled   field 

coils. 
Testing  Circuit  to  Run  Motors — This  consists  of  a  coii- 
troller  in  series  with  a  group  of  grid  resistors  and  a  circuit 

Trolley  Trolley 


^ 

FIG.    7 — BAR-TO-BAR   TESTING    SET     FIG.      8 — CONNECTIONS     FOR     IN- 
SULATION   RESISTANCE    TEST 

breaker,  connected  to  the  trolley  circuit.  Two  terminals,  one 
from  the  controller  and  the  other  from  a  rail  or  ground,  are 
connected  to  the  motor  leads.  A  field  and  an  armature  lead 
are  used  for  this  connection,  the  other  field  and  armature  leads 
being  connected  together,  as  shown  in  Fig.  lo. 

Source  of  current — 500  volt  direct-current  trolley  circuit. 

Uses —  To  give  the  motor  a  running  test. 

Trolley  Trolley 


FIG.    9 — CONNECTIONS    FOR    TEST- 
ING POLARITY  OF  FIELD  COILS 


10 — TESTING     CIRCUIT 
OPERATION    OF    MOTOR 


The  methods  of  making  tests  on'  new  or  repaired  coils, 
armatures  or  motors  by  means  of  the  testing  outfits  described 
above  will  be  given  in  succeeding  R.  O.  D.  J.  S.  Dean 


/~\UR  subscribers  are  invited  ro  use  this  department  as  a  means  of  securing 
authentic  information  on  elearical  and  mechanical  subjects.  The  topics 
should  be  of  i^eneral  interest;  information  involviiu;  the  sptxific  design  of 
indix'idu.il  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  for  an  intelligent  answer. 


A  PERSONAL  rei>ly  is  mailed  to  each  questioner  enclosinf;  a  stamped,  self 
addressed  en\-efopc  as  soon  .as  the  necessary  information  can  be  obtained. 
Anonymous  questions  cannot  be  considered.  As  each  question  is  answered 
by  an  expert  on  the  subject  involved,  and  checked  by  at  least  two  others, 
a  reasonakle  leuK  ■      ' 


■  should  be  allowed  before  expecting  3 


1686 — Induction  Motor  Secondary 
Data — When  one  inquires  of  a  motor 
manufacturer  for  rotor  data  of  a  slip 
ring  type  induction  motor  for  use  in 
the  choice  of  a  controller,  do  the 
volt  and  ampere  values  furnished 
represent  the  amperes  flowing  through 
each  ring,  the  voltage  being  read 
across  each  pair  of  rings  and  the  rotor 
blocked  while  full  voltage  is  being  im- 
pressed across  the  primary  or  stator 
windings?  Compare  the  relative  per- 
formance   of    three    five    hp,    three- 


R.P.M. 

Volts 

1200 

105 

900 

55 

900 

•> 

phase,  60  cycle,  220  volt  slip-ring  type 
motors  having  rotor  data  as  follows : 
~  ^'  '  Amperes 

23 

45 
17.5 

F.G.F.    (OHIO) 

The  voltage  given  is  the  voltage  be- 
tween slip  rings  with  the  motor  at  stand 
still  and  secondary  leads  open.  The 
amperes  given  are  per  ring  with  the 
motor  operating  under  full  load,  the 
frequency    and    voltage    being    normal. 


Motors  of  the  same  horse-power  rating, 
type  and  speed  from  the  same  manu- 
facturer should  have  the  same  secondary 
data,  but  it  will  be  different  for  motors 
of  different  speeds,  types  and  different 
manufacturers,  although  the  horse- 
power rating  is  the  same.  This  is  be- 
cause the  secondary  voltage  depends  on 
the  transformer  ratio  between  the 
primary  and  secondary,  which  is  de- 
pendent on  the  slot  combinations  and 
windings  which,  of  course,  will  not  work 
out  the  same  in  every  case  and  condition 
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on  a  given  horse-power  rating.  The 
product  of  the  secondary  volts  and  sec- 
ondary amperes  will,  of  course,  be  ap- 
proximately the  same  in  every  case  for 
motors  of  the  same  horse-power  rating. 

B.B.R. 

1687 — Protection  of  Mill  Motor  from 
Dirt — In  my  care  I  have  a  three- 
phase,  60  cycle,  440  volt,  720  r.p.m. 
induction  motor  located  in  a  drop 
forge  plant  where  dust,  smoke  and 
hot  scale  from  the  forgings  get  into 
the  motor.  Fig.  (a)  shows  a  proposed 
hood  and  piping  fitted  to  the  journal 
brackets  of  the  motor  and  an  eight 
inch  pipe  connected  to  a  four  inch 
pipe  leading  to  each  hood,  the  eight 
inch  pipe  to  extend  out  doors  and 
carried  down  to  a  point  lower  than  the 
motor,  the  idea  being  to  create  a  draft 
and  by  the  aid  of  the  fans  on  the 
rotor  to  force  air  out  through  the 
ventilating  ducts  in  the  motor.  Please 
let  me  know  if  this  scheme  will  be 
satisfactory.  r.J.b.  (mich.) 

Motors  that  are  designed  to  be  self- 
ventilating  depend  on  having  an  abund- 
ance of  free  air  available,  and  will  not 
draw  in  sufficient  air  to  properly  cool 
themselves  if  much  resistance  is  offered, 
such  as  might  be  occasioned  by  a  pipe, 
especially  if  it  has  many  sharp  turns. 
The  pipe  should,  therefore,  be  extremely 
liberal  in  size,  and  as  short  and  straight 


FIG.  1687(a) 

as  possible.  The  pipe  should  have  a 
cross-section  such  that  the  velocity  of 
the  air  entering  the  motor  will  not  ex- 
ceed 750  feet  per  minute  when  the  re- 
quired amount  of  air  is  passing  through. 
The  amount  of  air  required  depends  on 
the  size  and  design  of  the  motor,  but 
about  eight  cubic  feet  per  minute  per 
rated  horse-power  of  the  motor  will 
generally  be  found  satisfactory.  If  a 
blower  is  used  to  force  air  into  the 
motor,  velocities  in  the  duct  of  from 
1500  to  2000  feet  per  minute  can  be  used. 
We  suggest  bringing  the  air  in  along  the 
floor  as  shown  in  the  Sept.  1918  issue 
of  the  Journal,  p.  334,  Fig.  2.  This 
will  make  the  pipe  much  shorter  and 
eliminate  some  of  the  turns.  The  air 
should  be  allowed  to  escape  through 
a  hole  in  the  frame,  if  available,  or 
through  openings  in  the  top  of  the  eri- 
closing  cover  opposite  to  the  intake. 
The  hood  for  each  end  of  the  motor 
should  be  designed  split  horizontally, 
and  arranged  so  the  top  half  can  te 
readily  lifted  oflf  for  bearing  inspection, 
etc.  The  air  duct  in  Fig.  (a)  has  25 
square  inch  area,  where  it  enters  the 
motor,  this  is  0.173  square  feet.  0.173 
X  750  (ft.  per  min.)  =  130  cu.  ft.  of 
air  per  min.  130  -=-  8  =  16.25.  This 
piping  would  be  large  enough  for  only 
a  16.25  hp  motor.  o.n.   (s.c.) 


1688  —  Changing  Transformer  Fre- 
quency— It  is  desired  to  make  new 
transformers  for  50  cycle  operation 
out  of  125  cycle  transformers  which, 
due  to  the  heavy  losses  and  undue 
heating,  are  at  the  present  time  use- 
less. It  has  been  suggested  that  the 
section  of  the  core  could  be  doubled, 
that  is,  make  a  new  winding  on  a  core 
formed  by  the  juxtaposition  of  two 
of  the  existing  cores,  this  winding 
keeping  the  same  number  of  turns 
both  primary  and  secondary. 

A.u.  (Mexico) 
Reasonably  satisfactory  operation  can 
be  secured  by  taking  two  transformers 
of  the  same  size  and  connecting  both 
primary  and  secondary  windings  in 
series  thereby  impressing  approximately 
one  half  normal  voltage  across  each 
transformer.  If  the  secondaries  are 
arranged  for  series-parallel  connection 
for  no  and  220  volts  and,  it  is  desired  to 
secure  no  volts,  it  is  best  to  use  the 
series  connection  and  connect  the 
secondaries  of  the  two  transformers  in 
parallel.  This  will  place  the  same  volt- 
age across  each  transformer  which  will 
not  be  exactly  the  case  if  both  primary 
and  secondary  windings  are  in  series 
across  the  line.  It  will  not  be  satis- 
factory to  take  two  transformers  differ- 
ing in  size  and  connect  both  primary 
and  secondary  windings  in  series  across 
the  line  nor  is  it  generally  advisable  to 
connect  two  transformers  of  different 
makes  or  different  types  in  this  way. 
If  it  is  desired  to  rewind  the  trans- 
formers, probably  the  best  thing  to  do 
is  to  double  the  number  of  turns,  using 
smaller  wire,  of  course,  without  any 
change  in  the  core  and  reduce  the  rat- 
ing to  one  half  or  probably  something 
less  than  one  half  of  the  original  125 
cycle  rating.  The  scheme  of  doubling 
the  core  and  using  the  same  number  of 
turns  can  be  used  if  desired.  w.m.m. 

1685^— Transformer  Connections  —  In 
our  present  distribution  system  four 
separate  voltages  are  employed  2300, 
6600,  13  200  and  22  000.  In  order  to 
simplify  the  system  it  is  desired  to  re- 
duce these  to  two,  2300  and  13200,  as 
the  latter  is  entirely  adequate  for 
present  and  prospective  needs.  _  We 
would  like  to  continue  in  use,  if  pos- 
sible, a  bank  of  three  250  k.v.a.,  6600 
to  22000  volt  transformers.  This 
bank  is  connected  delta-delta,  and  the 
high  tension  windings  of  each  trans- 
former are  provided  with  taps  for 
22000,  21000,  20700  and  20000  volts, 
while  the  complete  low-tension  wind- 
ing has  connections  for  6600,  and  lower 
voltages.  It  has  occurred  to  us  that 
if  a  middle  tap  can  be  secured  in  the 
low-tension  windings  and  the  two 
halves  connected  permanently  in  paral- 
lel, that  with  2200  volts  impressed  on 
the  low  side,  we  should  get  approxi- 
mately 13  200  volts  from  the  original 
taps  for  20000  volts  on  the  high- 
tension  side.  The  transformer  would 
then  work  at  two  thirds  of  its  normal 
voltage  rating.  We  presume  that  its 
k.v.a.,  capacity  would  likewise  be  re- 
duced by  one  third  of  its  former  rat- 
ing; that  is,  it  would  be  unsafe  to 
increase  the  current  above  the  old 
rating.  We  would  like  your  advice 
as  to  whether  the  scheme  is  feasible 
and  whether  the  transformer  losses 
will  be  increased  or  not. 

j.B.w.    (Texas). 
If  the  low  voltage  winding  can  be  di- 
vided   into    two    equal    parts,    they    can 


probably  be  connected  in  parallel  and 
operated  satisfactorily  in  this  way.  If 
2200  volts  is  then  applied,  the  20000 
volt  tap  in  the  high  voltage  winding 
will  give  approximately  13  200  volts. 
With  the  transformer  operating  at  only 
two  thirds  normal  voltage,  the  iron  loss 
will  probably  be  reduced  more  than  50 
percent,  so  that,  at  the  reduced  voltage, 
the  transformer  will  probably  carry  from 
75  to  80  percent  of  the  k.v.a.,  output 
that  it  would  carry  at  full  normal  vol- 
tage without  any  increase  in  temperature 
rise.  W.M.M. 

1690 — Induction  Motor  Secondary — I 
would  like  your  comments  on  a  change 
I  have  made  in  a  75  hp.,  three-phase, 
60  cycle,  10  pole,  720  r.p.m.  motor  of 
the  internal  resistance  starting  type. 
The  stator  is  connected  two  circuit 
delta  and  has  120  coils  wound  with  six 
turns  of  No.  9  D.  C.  C.  wire  in  each 
coil.  The  rotor  has  90  slots  with  four 
conductors  per  slot.  Each  conductor 
measures  about  A  by  -h  in.  I  cut 
the  rotor  windings  so  that  all  the  con- 
ductors run  straight  out  from  the 
core  like  a  squirrel-cage  motor,  and 
short-circuited  the  bars  with  six 
strips  of  hard  drawn  copper  -ft  by  2 
inches,  riveted  and  soldered  on  each 
end,  making  12  strips  in  all.  At  first 
after  making  this  change  the  motor 
would  not  start  the  load  but  I  cut  part 
way  through  the  rings  at  evenly  di- 
vided points  on  each  side  of  the  rotor 
and  now  the  motor  starts  fairly  well. 
At  no  load  it  runs  from  720  to  736 
r.p.m.  At  about  70  hp.,  it  runs  from 
710  to  720.  The  frequency  is  a  little 
high  but  does  not  change  often.  The 
motor  formerly  ran  at  680  r.p.m.  at 
full  load.  Am  I  right  in  assuming 
that  the  motor  is  just  as  efficient  now 
as  it  was  before  the  change  was  made? 
Does  this  change  affect  the  power- 
factor  when  this  motor  is  pulling 
about  75  hp.  ?  Will  this  motor  pull  a 
greater  over  load  than  formerly? 

c.M.L.    (Utah). 

(a)  The  motor  is  actually  a  little 
more  efficient  than  it  was  formerly.  If 
it  now  runs  at  710  r.p.m..  at  full  load 
and  formerly  ran  at  680,  the  copper  loss 
in  the  rotor  is  now  only  68/71  of  what 
it  was,  and  the  new  efficiency  for  the 
complete  motor  will  be  71/68  of  its 
former  value.  This  is  obtained  di- 
rectly from  the  fact  that  the  motor  ef- 
ficiency equals  the  primary  efficiency 
multiplied  by  the  secondary  efficiency. 
Then  if  Ei  equals  the  efficiency  at  torque 
T  and  slip  6"i,  and  £2  equals  the  motor 
efficiency  at  torque  T  and  slip  Si  then 

E~z=:Ei  ,  (-.  V  Based  on  a  synchro- 
nous speed  of  720  r.p.m.  the  efficiency 
has  actually  been  increased  about  _  4.2 
percent.  With  such  a  low  slip  i.e., 
only  10  r.p.m.,  in  720,  you  might  expect 
low  starting  torque,  as  you  actually 
found  to  be  the  case,  and  the  applied 
remedy  was  proper,  provided  you  did 
not  reduce  the  ring  section  below  the 
point  required  by  mechanical  considera- 
tions, (b)  There  would  be  a  small  im- 
provement in  the  power-factor  due  to 
the  fact  that  the  leakage  reactance  of 
a  squirrel-cage  winding  is  somewhat  less 
than  that  for  a  corresponding  phase 
winding.  A  reduction  in  the  leakage  re- 
actance means  a  reduction  in  the  watt- 
less component  of  the  current  and  hence 
a  slight  gain  in  the  power  factor,  (c) 
The  maximum  torque  or  pull  out  would 
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also   be   increased   a   small    amount   for 
the  same  reason  as  that  cited  under  (b). 

A.M.D. 

1691 — Chancing  a  Three-Phase  Gen- 
erator To  Single  Phase — I  recently 
changed  a  30  kw,  three-phase,  60  cycle, 
1200  r.p.m.,  2300  volts,  7.5  amperes 
per  terminal  revolving  field  alterna- 
tor over  to  a  single-phase  generator 
of  the  same  voltage,  hoping  to  be  able 
to  get  30  kw  from  it.  It  had  a 
72  slot  stator  of  36  coils  which 
spanned  i  to  10  slots  and  it  was  con- 
nected two  coils  per  pole  per  phase,  all 
poles  in  series-star  and  the  owner  of 
the  machine  wanted  me  to  connect  it 
so  as  to  use  all  of  the  coils  in  the 
winding.  I  first  connected  it  up  six 
coils  per  pole  in  series  and  three  poles 
in  parallel  two  in  series,  but  as  the 
voltage  only  built  up  to  about  800  volts, 
I  then  tried  a  three  pole  series,  two 
pole  parallel  connection  and  as  it  then 
only  built  up  to  about  1600  volts,  I 
changed  it  to  all  poles  in  series  which 
caused  it  to  give  a  range  of  voltage 
from  2100  to  3000  which  was  about 
the  same  as  it  had  been  doing  on  the 
three  phase  connection  and  with  the 
load  applied  the  regulation  seemed  to 
be  a  little  better  than  it  had  been  be- 
fore changing  over  from  three  phase. 
But  what  I  cannot  understand  is  why 
I  had  to  connect  this  stator  with  all 
poles  and  coils  in  series  to  get  2300 
volts,  as  it  looked  to  me  at  first  that 
with  all  coils  and  all  poles  in  series  as 
a   single-phase   generator,   the  voltage 


FIG.  1691(a) 
should  be  7200,  as  I  found  it  connected 
two  coils  per  pole  per  phase  with  all 
poles  in  series.  It  looked  to  me  as 
if  each  coil  had  been  generating  200 
volts  so  that  is  why  I  first  tried  a 
three-pole-parallel  two-series  connec- 
tion as  I  thought  that  would  give  me 
the  voltage  of  two  poles  or  12  coils. 
Can  it  be  that  the  span  of  i  to  10  slots 
of  the  coils  have  anything  to  do  with 
the  way  this  machine  acted  on  the 
three-pole-parallel,  two-pole-series 

connection  with  six  series  coils  per 
pole?  Would  it  have  acted  better 
on  any  pole  grouping  or  connecting  if 
I  had  made  it  only  five  coils  in  series 
per  pole  thereby  having  si.x  idle  coils 
in  the  winding?  Can  you  tell  me  if 
this  machine  will  develop  30  kw  at 
2300  volts  the  way  I  now  have  it 
connected?  Why  did  the  voltage 
generated  in  each  coil  change  from  200 
to  about  83  after  connecting  all  poles 
in  series  with  six  coils  in  series  per 
pole?  Would  it  have  been  better  to 
have  left  it  a  three  phase  connection 
and  continued  to  carry  a  single-phase 

load?  F.D.H.   (IND.) 

The  principal  source  of  error  is  in  the 
assumption  that  the  terminal  voltage  of 
the  machine  divided  by  the  number  of 
coils  in  series  equals  the  voltage  gener- 
ated by  each  coil.  The  voltages  of  the 
coils  are  out  of  phase  and  must  be 
added  vectorially.  Fig.  (a)  shows  the 
machine    as    connected    for    2300    volts 


three-phase  star  and  for  single  phase 
all  coils  in  series,  as  made  by  connecting 
phase  C  to  the  outer  end  of  phase  A. 
The  voltage  per  phase  is  2300  -^  1.732 
volts.  If  the  drawing  is  made  to  scale 
so  that  A,  B  and  C  represent  the  phase 
voltages  120  degrees  apart,  then  the 
three-phase  voltage  is  indicated  by  the 
length  of  I — 3  and  the  single-phase 
voltage  by  i — 4,  which  is  2660  volts.  The 
chording  does  not  affect  the  change  and 
if  only  five  coils  per  poles  were  used,  the 
voltage  would  be  somewhat  less.  No 
other  pole  grouping  would  improve  the 
results  providing  the  same  number  of 
coils  are  connected  in  series.  The  ra- 
ting of  the  machine  as  three-phase  is 
1.732  times  the  terminal  voltage  times 
the  amperes  per  terminal  or  1.732  times 
2300  times  7.5  =  30  k.v.a.  As  a  single- 
phase  machine  with  all  coils  in  series 
the  rating  is  voltage  times  amperes  or 
2300  times  7.5  =  17  k.v.a.  The 
single-phase  rating  may  be  increased 
somewhat  for  the  same  armature  heat- 
ing, because  of  the  smaller  iron  loss. 
With  the  machine  connected  three-phase 
and  loaded  single-phase  the  rating  would 
be  17  k.v.a.,  at  2300  volts,  but  this  may 
be  increased  to  about  20  k.v.a.,  be- 
cause the  idle  portion  of  the  armature 
aids  in  the  dissipation  of  the  heat  from 
the  active  winding.  There  is,  therefore, 
nothing  to  be  gained  by  making  the 
change  from  three  phase  to  single  phase 
in  such  cases.  C.R.c. 

1692 — Grounding  A  Delta  Connected 
Transformer  Bank^Ih  grounding 
the  secondary  of  a  three-phase  delta- 
connected  bank  of  transformers  for  220 
volt  power  service  is  there  any  prefer- 


la)  (b)     -^ 

FIGS.   1692(a)   and   (b) 

ence  in  grounding  one  corner  of  the 

delta  or  grounding  the  neutral  of  one 

transformer?  w.s.G.   (N.J.) 

It  matters  little  whether  one  corner  of 

the  delta  or  the  middle  of  one  side  is 

grounded.         Possibly   slight   preference 

might  be  given  to  the  latter  point  since 

it  is  a  little  nearer  the  neutral  point. 

W.M.M. 

1693  —  Induction  Motor  Winding  —  I 
have  a  15  hp,  three-phase,  four  pole, 
440  volt,  18.8  amperes,  710  r.p.m.  star 
connected  induction  motor  having  a 
one  circuit  winding  with  five  coils 
per  group  and  60  coils  total.  The 
stator  coils  are  wound  with  nine  turns 
of  No.  12  square  wire.  I  would  like 
to  rewind  this  motor  with  round  wire, 
for  which  there  is  plenty  of  room  in 
the  slots.  Would  No.  11  round  wire 
do,  using  one  more  turn  per  coil,  or 
what  size  would  you  recommend? 

A.D.  (Mo.) 
If  No.  12  square  wire  was  O.  K.,  No. 
II  round  will  be  all  right.  This  copper 
section  however,  seems  a  trifle  small  for 
18.8  amperes.  If  there  is  room  for  No. 
10  round  it  would  be  still  better.  Do 
not  change  the  number  of  turns.  Use 
nine  turns,  the  same  as  with  square  wire. 

A.M.D. 

1694  —  Disposition  Of  Conductors  — 
Reading  question  1594  brings  me  up 
with  a  jerk  to  the  fact  that  we  are 
just  installing  some  work  of  almost 
like  character  and  I  make  haste  to  ask 
if  we  will  experience  the  same  trouble. 


As  shown  in  Fig.  (a)  750  000  circ. 
mil  lead  covered  cables  to  carry  about 
750  amperes  each  at  440  volts  are  in- 
stalled in  three  inch  fibre  ducts  about 
75  feet  long.  The  conductors  are 
spaced  about  four  inches  apart.  (a) 
Is  our  grouping  of  conductors  correct? 
(b)  Should  the  lead  sheathings  be  in- 
sulated from  each  other  or  connected 
together  at  the  ends?     (c)  These  con- 


-a)  (b) 

figs.  1694(a)  and  (b) 
ductors  are  brought  to  the  switch 
through  two  feet  lengths  of  iron  pipe 
supports.  In  that  regard  what  is  the 
effect  of  running  single  conductors 
through  iron?  f.t.s.    (Calif.) 

The  cable  grouping  shown  in  Fig.  (a) 
should  not  cause  an  unequal  division  of 
current  between  the  two  parallel  cables 
of  each  phase,  for  in  any  phase  the  mag- 
netic relation  of  the  upper  cable  with 
respect  to  the  remaining  ones  is  identi- 
cal with  that  of  the  corresponding  lower 
cable  with  respect  to  the  others.  How- 
ever, with  this  arrangement  the  current 
will  not  necessarily  distribute  uniformly 
over  the  cross-section  of  the  conductors. 
A  more  uniform  distribution  of  the  cur- 
rent over  the  cross-section  of  the  con- 
ductors should  be  obtained  if  the  cables 
were  rearranged  so  as  to  more  nearly 
approach  the  symmetrical  three-phase 
arrangement.  Such  an  arrangement  is 
suggested  in  Fig.  (b),  using  the  same 
duct  arrangement  as  given  in  Fig.  (a), 
(b)  The  lead  sheathings  of  all  of  the 
cables  should  be  bonded  together  at  one 
point  and  grounded  in  order  to  protect 
against  static  and  breakdown  discharges. 
But  the  remaining  portion  of  the  lead 
sheathings  of  the  cables  of  each  phase 
should  be  insulated  so  as  to  avoid  a 
closed  circuit  in  which  secondary  currents 
can  circulate,  (c)  When  a  single  conduc- 
tor in  an  iron  pipe  carries  current,  the 
amount  of  flux  interlinking  the  conduc- 
tor throughout  the  pipe  length  is  greatly 
increased  on  account  of  the  high  permea- 
bility of  the  iron.  If  the  conductor 
carries  alternating  current,  the  rapid  re- 
versal of  the  flux  produces  a  hysteresis 
and  eddy  current  loss  which  is  dissipated 
in  the  iron  and  consequently  raises  its 
temperature.  With  large  values  of  cur- 
rent, the  temperature  of  the  iron  may 
become  so  high  as  to  greatly  increase 
the  fire  hazard.  For  this  reason,  it  is 
usually  not  considered  safe  practice  to 
run  single  alternating-current  conductors 
or  cables  through  iron  pipe.  c.M.L. 

1695— Reconnecting  Induction  Motors 
— In  the  February  1916  issue  of  the 
Journal  is  an  article  on  "Reconnecting 
Induction  Motors"  in  which  the  sub- 
ject is  pretty  generally  covered.  I 
have  however  been  unable  to  deter- 
mine what  might  be  called  a  limita- 
tion in  one  direction,  namely  the  ef- 
fect of  coil  pitch  on  a  pole  changing 
reconnection,  and  would  appreciate 
greatly  an  expression  of  opinion.  As 
a  hypothetical  case  take  a  motor  hav- 
ing 72  slots  and  coils,  connected  for 
eight  poles  which  it  is  desired  to  slow 
down.  The  motor  is  wound  for  220 
volts,  60  cycles,  three  phase.  Obvi- 
ously the  motor  will  afford  a  sym- 
metrical coil  arrangement  if  recon- 
nected for  12  poles,  and  the  question  at 
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issue  is  the  effect  of  the  coil  throw  on 
the  reconnected  motor.  The  present 
coils  lie  in  slots  I  and  9.  In  one  case 
under  consideration  the  reduction  in 
output  due  to  the  reduced  speed  is 
offset  by  the  reduced  requirements  of 


i«o- >J        \  /       I 
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FIGS.  1695(3),   (b)   and  (c) 


the  machine  operated  and  in  an  emer- 
gency some  considerable  drop  in  both 
efficiency  and  power-factor  would  be 
permissible  as  the  load  factor  is  small. 
This  question  has  been  argued  at  some 
length  among  local  men  and  an 
authoritative     expression     of    opinion 


would  be  of  considerable  interest. 

H.B.B.   (Colo.) 

The  effect  of  changing  the  coil  pitch 
is  explained  in  the  article  referred  to  in 
the  Feb.  1916  Journal  under  the  heading 
"Chord  Factor".  This  is  explained 
graphically  in  Figs,  (a),  (b)  and  (c). 
Fig.  (a)  shows  a  cross-section  of  a  mo- 
tor rolled  out  flat  showing  the  clearance 
or  air-gap  between  stator  and  rotor  and 
showing  by  the  shaded  area  under  the 
sine  curve  a  pair  of  magnetic  poles.  A 
72  slot,  eight  pole  combination  is  as- 
sumed, which  means  that  if  the  coils 
are  exactly  "pitch",  any  individual  coil 
will  be  in  slots  i  and  10  and  the  dis- 
tance measured  between  the  centers  of 
slots  I  and  10  represents  180  electrical 
degrees,  because  the  distance  from  a 
point  on  one  north  pole  to  the  corres- 
ponding point  on  the  next  adjacent  north 
pole  is  360  degrees  or  a  complete  mag- 
netic circle.  If  the  coil  were  wound  in 
some  other  slot,  as  for  example  I  and  9 
as  shown  in  Fig.  (b)  if  the  cross  con- 
nections were  still  left  for  eight  poles, 
the  magnetic  field  would  still  be  nine 
72  slots 

slots    m    width    because  -s \ =  9 

(5  poles 

Changing  the  coil  pitch  then  does  not 
change  the  number  of  poles  nor  does  it 
change  the  pole  arc  as  measured  around 
the  stator,  but  it  does  have  the  effect  of 
changing  the  shape  and  size  of  the 
shaded  area  representing  the  magnetic 
field  and  by  so  doing  afifects  the  per- 
formance and  output  of  the  motor.  Ex- 
pressed in  another  way  it  affects  the 
magnetic  and  electric  effect  of  each  con- 
ductor so  that  instead  of  being  equiva- 
lent to  a  whole  conductor  it  is  only 
equivalent  to  a   fraction  of  a  conductor. 


This  measure  of  the  effectiveness  of  the 
conductor  is  expressed  by  the  sine  of 
one-half  of  the  electrical  angle  spanned 
by  the  coil.  For  example  in  Fig.  (a) 
the  coil  spans  180  electrical  degrees.  The 
sine  of  one-half  of  180  =  90  degrees  is 
1. 00  hence  the  conductor  has  its  maxi- 
mum magnetic  and  electric  effect.  In 
Fig.  (b)  the  coil  spans  160  degrees  and 
the  sine  of  80  degrees  ^  0.98,  hence  the 
conductor  is  only  98  percent  as  effective 
as  if  the  coil  were  wound  in  slots  I  and 
10.  If  the  coil  lay  in  slots  I  and  8  it 
would  span  140  electrical  degrees  and 
the  sine  of  70  degrees  =:  0.936  so  the 
conductor  has  93.6  percent  of  its  maxi- 
mum effect.  If  the  coil  lay  in  slots  I 
and  7  it  would  span  120  degrees  and  its 
effect  would  be  sine  of  60  degrees  = 
0.866  or  866  percent  of  its  pitch  value. 
Passing  to  the  12  pole  connection  shown 
in  Fig.  (c),  180  electrical  degrees  is  now 
measured  by  span  of  72  -^  12  ^  6  slots. 
Since  the  coil  is  wound  in  slots  I  and 
9  it  is  over  pitch  and  the  effect  is  the 
same  as  under  pitch  and  measured  in  the 
same  way.  If  i  and  7  is  180  degrees, 
I  and  9  is  240  degrees  and  the  sine  of 
120  degrees  is  0.866  or  the  coil  has  the 
same  effect  as  if  wound  in  slots  I  and 
5.  The  maximum  chording  usually  at- 
tempted in  practice  is  one  half  or  90  de- 
grees and  the  chord  factor  ^=  sine  of  45 
=0.707.  If  the  coil  is  wound  any 
smaller  pitch  than  90  degrees,  dis- 
turbances of  the  magnetic  conditions  be- 
come serious  and  nothing  is  gained  by 
further  chording.  The  value  "sine  of 
one-half  the  electrical  angle  spanned  by 
the  coil"  is  referred  to  by  designing  en- 
gineers as  the  "chord  factor"  and  is  dis- 
cussed as  such  in  the  Journal  article  re- 
ferred to.  A.M.D. 


Protect  Not  Only  Your  Equipment 
But  Also  Your  Workers 


® 


You  have  more  inexperienced  help  in  your  shops  now  than 
ever  before;  most  concerns  have  in  these  days  of  labor  scarcity. 
It  is,  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  only  those  ''^reen"  men,butaIsotheequipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 
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Safety  Service ^^  Motor  Starting  Switch 

In  Steel  Box  Operated  from  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here  are  the  Reasons — Switch  is  entirely  enclosed  and 
operated  from  outside.  Box  cannot  be  opened  until 
switch  is  in  "  off  "  position. 

Here  is  the  Result — Workers  and  Equipment  are  Both 
Protected. 

Send  for  Our  Bulletin  describing  "Safety  Service"  Knife  Syvitcbes 

THE  TRUMBULL  ELECTRIC  MFG.  CO. 

FLAINVILLE,   CONNECTICUT 


Motor  Starting  Switch- 
Box  Open 
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Electricity  is  one  of  the  master  keys 
A  Central         to  the  future  health  and  prosperity  of 

Station  the  United  States,  and  its  tield  of  use 

Opportunity  will  undoubtedly  extend  beyond  i.ny 
limits  which  can  now  be  foreseen. 
Withni  the  life  time  of  living  children  the  population  of 
the  United  States  may  reach  250  000  000.  The  problem 
of  supporting  such  rapidly  increasing  numbers  in 
health  and  comfort,  while  at  the  same  time  maintain- 
ir.g  our  high  standard  of  living,  would  have  been  pre- 
sented in  any  event  for  solution  very  soon,  but  the  war 
has  brought  it  forward  for  consideration  now. 

No  one  should  delude  himself  into  thinking  that  the 
pre-war  conditions  of  laissez  faire  will  ever  return.  For 
those  who  have  regarded  it  as  right  to  conduct  their 
business  aiifairs  as  they  pleased  and  have  thought  that 
the  automatic  checks  and  balance  of  profit  and  loss 
would  preserve  all  community  interests,  it  may  be  some- 
what of  a  wrench  to  come  to  the  realization  that  we 
have,  in  fact,  no  right  to  do  anything  which  means  an 
economic  waste  of  natural  resources,  or  of  man  power. 

It  is  trite  to  say  that  the  United  States  is  the  nost 
wasteful  country  in  the  world,  but  now  for  the  first 
t'me  we  have  had  a  reminder  that  conservation  is  really 
a  matter  of  individual  interest.  The  coal  shortage  of 
last  winter  was  a  great  object  lesson  to  the  whole  people, 
and  caused  sufficient  inconvenience  to  show  clearly 
what  serious  results  would  happen  if  there  were  twice 
the  population  and  half  the  existing  coal  supply. 

The  railroad  facilities  of  the  country  are  now  un- 
comfortably inadequate,  and  moreover  the  increa.^ing 
demands  of  a  complicated  distribution  system  in  a  coun- 
try so  large  and  wealthy  as  the  United  States  will 
shortly  require  great  improvements  and  extensions  in 
transportation  service.  The  requirements  of  the  popu- 
lation for  food  and  clothing  will  demand  a  more  imen- 
sive  and  economic  cultivation  of  the  soil  and  an  almost 
universal  use  of  fertilizer  to  maintain  its  productivity. 
The  growth  of  hundreds  of  our  cities  will  require  more 
transportation  facilities  and  other  public  utilities,  and 
so  on  through  an  indefinite  list.  The  only  known  force 
which  can  perform  this  work  economically,  and  it  must 
be  performed  in  order  to  support  the  population  of  the 
future,  is  electricity. 

Electrical  apparatus  can  no  longer  be  said  to  be  in 
its  infancy  so  far  as  its  development  is  concerned,  for 
generating  machinery,  motors,  illuminating  devices,  in 
fact  all  electrical  equipment  has  reached  that  point  of 
technical  development  where  its  operation  is  surer  and 
less  subject  to  accidental  interruptions  and  shut-downs 
than  any  other  machinery.  Its  operation  and  construc- 
tion are  simplicity  itself.  It  is  generally  foolproof  in  its 
operation  and  is,  therefore,  capable  of  performing  good 
work  in  inexperienced  hands.  This  is  no  small  factor 
in  the  rapid  expansion  of  its  field  of  usefulness. 


It  \c,  capable  of  furnishing  power  in  the  largest 
units.  On  the  other  hand,  tiny  motors  performing  the 
lightest  service  are  useful  machines  and  not  toys.  In 
brief,  there  is  a  breadth  and  fle.\ibility  of  service  which 
is  possible  in  no  other  form  of  energy.  It  can  provide 
a  variety  of  service  generally  comprised  by  the  terms — 
light,  heat  and  power — from  a  single  machine.  In 
short,  it  is  beyond  doubt  that  the  standard  power  for  the 
future  is  to  be  electricity. 

Within  a  comparatively  few  years  electric  power 
will  undoubtedly  force  its  way  into  general  use  on 
steam  railroads.  This  cannot  be  avoided  because,  quite 
aside  from  the  admitted  economies  of  operation,  it  is 
estimated  that  the  complete  electrification  of  the  Tnes 
of  a  busy  railroad  system  doubles  its  capacity.  In  o;her 
words,  it  has  the  same  effect  as  if  a  single  road  were 
double  tracked.  In  /iO  olher  way  can  the  railroads  in- 
crease their  carrying  capacity  largely  at  so  little  cost. 

The  production  of  fertilizer  for  the  future  involves 
processes  which  demand  large  volumes  of  electrical 
power,  and  this  demand  will  be  just  as  unavoidable  as 
the  demands  of  steam  railroads.  A  more  intensive  sys- 
tem of  farming  and  the  necessity  of  saving  man  power 
on  the  farm,  due  to  the  natural  inclination  of  people  to 
congregate  in  large  cities,  will  require  the  extensive  use 
of  electric  energy';  in  fact,  the  development  in  this  field 
is  already  remarkable ;  but  the  surface  has  been,  of 
course,  but  scratched. 

Regardless  of  the  present  unfavorable  financial 
condition  of  the  traction  systems  in  our  large  cities,  the 
people  must  have  transportation,  and  more  of  it,  and 
there  is  no  satisfactory  substitute  for  the  electric  opera- 
tion of  the  cars.  If  one  goes  on  through  the  entire 
list  of  activities  of  a  complicated  industrial  community, 
it  will  be  found  that  electricity  has  become  a  necessity 
cf  prime  importance. 

While  this  field  is  just  beginning  to  open,  there  are 
a  few  facts  which  indicate  that  there  is  a  question  at 
irsue  for  the  consideration  of  the  leaders  in  the  central 
station  field,  viz.,  whether  that  industry  as  a  whole  is 
satisfied  with  the  outlook  of  the  present  methods  of 
supplying  this  universal  necessity  to  the  people.  I  know- 
that  some  of  the  notable  leaders  have  been  looking  into 
the  future  with  far-seeing  eyes,  and  perhaps  all  central 
station  men  do;  but,  nevertheless,  it  would  seem  wise 
st  this  time  for  the  responsible  men  connected  with  the 
industry  to  review  the  whole  situation  and  see  if  they 
are  in  line  with  the  progress  of  events. 

On  account  of  the  shortage  of  power  in  a  few 
manufacturing  centers  in  the  East  last  winter  the  United 
States  Government  made  a  survey  of  certain  sections 
and  it  developed  that  in  most  of  them  there  was  a  tre- 
mendous waste  of  fuel  due  to  small  detached  power 
companies  with  poor  load  factors  and  inefficient  power 
stations.     Calculations    were   made    as    to   the    savings 
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which  would  have  been  effected  in  some  of  these  areas 
by  linking  all  the  companies  into  one  system  and  operat- 
ing it  as  a  unit.  Some  of  these  figures  were  astonish- 
ing, and  the  results  of  this  investigation  have  aroused 
in  Washington  considerable  interest  which  is  not 
likely  to  die  out  with  the  war. 

This  data  will  be  at  the  disposal  of  the  Government 
and  will  undoubtedly  tie  considered  in  the  future  when 
applications  are  mar!.-  for  Federal  permission  to  develop 
water  powers.  Ii  is  entirely  probable  that  Federal  per- 
mits will  not  ue  g;  anted  without  taking  into  considera- 
tion the  entire  question  of  the  economic  distribution  of 
power  within  the  area  reached  by  the  proposed  develop- 
ment. 

By  a  succession  of  easy  steps  it  is  possible  and  even 
probable  that  the  Federal  Government  will  regard  the 
development  of  all  power  systems  as  charged  with  new- 
public  interest,  particularly  in  the  populous  section",  of 
tlie  country ;  to  the  end  that  economic  waste  may  be 
prevented  as  far  as  possible.  Therefore,  it  would  seem 
that  the  present  offers  an  opportunity,  which  may  never 
come  again,  for  the  leaders  in  the  central  station  field  to 
consider  comprehensively  the  situation  within  the 
natural  geographical  areas  in  which  they  operate,  and 
to  use  their  great  power  and  ability  to  secure  enabling 
State  and  Federal  legislation  which  will  permit  the 
re-arrangement,  consolidation  and  extensions  of  tlieir 
power  service  so  that  it  can  be  dealt  with  as  one  reser- 
voir from  which  all  the  needs  of  the  section  can  be 
served. 

It  is  evident  that  sympathetic  support  would  be 
given  to  such  a  movement  by  the  Federal  Authorities, 
and  that  now  is  the  time  to  act  in  order  that  in  the  fu- 
ture it  may  not  be  said  that  private  ownership  was  in- 
capable of  meeting  the  situation.         Guy  E.  Tritp 


„,  The    passage    of    the    "Man    Power" 

<s    A    T  P  ^^^    '"    August    19 1 8,    reducing    the 

draft  age  to  eighteen,  threatened  the 
existence  of  every  educational  institution.  If  the  War 
Department  had  not  invited  the  schools  to  co-operate 
in  a  plan  for  training  soldiers,  they  would  have  had  to 
close  their  doors. 

The  collegiate  section  of  the  Student  Army  Train- 
ing Corps  (Section  A)  did  not  offer  an  ideal  educa- 
tional programme.  Its  main  object  was  to  meet  an 
emergency  demand  for  officer  material.  A  complete 
engineering  course  could  not  be  attempted,  but  cer- 
tain men  who  demonstrated  special  ability  could  make 
very  satisfactory  progress  in  the  study  of  fundamentals 
even  in  a  short  time.  In  short  the  whole  plan  should 
be  considered  as  a  device  for  first  sorting  men  accord- 
ing to  their  native  abilities,  and  then  giving  such  special 
training  as  the  time  available  permitted.  In  this,  as 
well  as  all  war  activities,  both  men  and  institutions 
served  where  they  were  most  needed  and  not  where 
they  might  have  chosen.  It  was  not  a  matter  of  get- 
ting every  man  in  his  right  place  but  of  getting  every 
place  filled  by  its  right  man. 


\\  hile  the  Army  had  need  for  men  skilled  in  cer- 
tain specific  lines,  yet  the  one  characteristic  desired  by 
all  branches  of  the  service,  was  that  of  resourcefulness 
— an  ability  to  apply  a  knowledge  of  fundamental  prin- 
ciples to  the  materials  at  hand  and  under  the  worst  of 
conditions.  Very  rarely  were  standard  materials  and 
tools  available  at  the  Front.  Hence,  the  training  period 
being  very  short,  all  details  of  specific  application  were 
eliminated  and  full  attention  was  concentrated  upon 
fundamentals. 

While  such  a  short  intensive  program  interferes 
in  many  ways  with  a  complete  engineering  training 
suited  to  peace  times,  yet  it  does  have  the  advantage 
of  developing  those  personal  characteristics  which  en- 
able men  to  meet  emergencies.  Most  of  the  special 
jobs  in  the  Army  required  a  knowledge  of  only  the 
very  simplest  fundamental  principles  and  a  great  deal 
of  ingenuity  in  application.  The  work  of  the  voca- 
tional section  was  not  intended  to  develop  engineers ; 
and  yet  throughout  the  one  hundred  and  fifty-five 
schools  having  National  Army  Training  Detachments, 
(SATC  Section  B)  there  was  universal  astonishment 
at  the  accomplishment  of  untrained  men  in  the  under- 
standing and  application  of  the  fundamentals  of  such 
technical  subjects  as  gas  engine  performance,  radio 
and  telephone  electrical  work,  etc. 

Educationally  the  S.  A.  T.  C.  should  be  regarded 
entirely  as  an  experiment.  In  its  short  existence 
(Oct.  I,  to  Nov.  11)  and  in  spite  of  the  "Flu,"  shortly 
followed  by  the  armistice,  and  the  tremendous  dis- 
turbance created  in  standard  engineering  school  pro- 
grams, certain  things  point  toward  real  progress  along 
the  lines  that  all  engineering  teachers  have  been  think- 
ing and  hoping  for  the  past  few  years.  In  the  coming 
re-adjustment  of  engineering  curricula  throughout  the 
schools,  more  time  will  be  given  to  fundamental  prin- 
ciples and  less  to  the  details  of  application ;  more  at- 
tention will  be  given  to  developing  those  personal  char- 
acteristics which  make  for  man-power  rather  than 
storing  the  mind  with  engineering  data  and,  most  im- 
portant of  all,  more  attention  will  be  given  to  the  ini- 
tial sorting  of  men  and  the  direction  of  their  training 
according  to  their  several  native  abilities  rather  than 
their  ill-considered  desires.  It  is  a  fortunate  coinci- 
dence that  the  Mann  report  on  engineering  education 
should  have  come  out  just  at  this  time  with  its  wealth 
of  helpful  constructive  suggestions. 

Over  five  hundred  American  Colleges  and  Uni- 
versities gave  their  all  to  tlie  cause  of  the  war  and  in 
thirty  days  became  little  army  camps  for  training  real 
American  soldiers,  only  a  part  of  which  training  was 
mathematics,  chemistry,  or  physics.  If  nothing  more 
is  accomplished  than  to  dislodge  some  of  the  old  stand- 
ard traditions,  and  speed  up  the  machinery  for  putting 
into  force  these  new  ideals  of  education  (which  in- 
cidentally are  as  old  as  Socrates)  the  S.  A.  T.  C.  will 
have  been  an  educational  success.        C.  R.  Dooley 
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SERVICE  REQUIREMENTS  of  generators  in  high-voltage,  direct-current  railway  operation  are 
not  essentially  different  in  theory  from  those  in  the  usual  low  voltage  electrifications,  except  that  certain 
operating  characteristics,  such  as  flashing  on  severe  Overloads,  heretofore  usually  considered  inherent  in  all 
commutating  machinery,  change  from  the  category  of  relatively  harmless  operating  difficulties  on  low- 
voltage  machines,  to  positive  liabilities  in  the  case  oi  machines  built  for  higher  voltages.  The  concentra- 
tion of  large  powers  at  high  voltage  in  a  single  generating  unit  emphasizes  the  necessity  of  protecting  a 
machine  against  itself  by  materially  improving  its  commutating  performance,  and  necessitates  a  revision 
of  the  standards  of  satisfactory  operating  characteristics  which  have  heretofore  been  commercially  ac- 
ceptable on  low-voltage  installations. 


DIRECT-CURRENT  generators  have  been  used 
as  the  source  of  power  supply  to  railw^ay  sys- 
tems for  more  than  30  years,  and  during  this 
period  have  undergone  a  continuous  development,  tend- 
ing towards  improvement  in  performance.  The  early 
introduction  of  commutating  poles  and  the  later  de- 
velopment of  commercial  forms  of  compensating-pole 
face  windings  are  now  landmarks  in  the  evolution  of 
commutating  machinery,  and  form  the  basis  of  all 
further  improvements  which  tend  to  place  railway  gen- 
erators on  the  same  high  plane  of  reliability  as  other 
forms  of  commercial  electrical  apparatus.  Recent  im- 
provements in  railway  generators  have  been  in  the  direc- 


cumstance  in  that,  for  this  special  class  of  service,  ma- 
chines of  approximately  1000  kw  at  1500  volts  are  of 
about  the  ideal  capacity  on  which  to  obtain  the  maxi- 
mum commutating  performance.  The  recent  develop- 
ment of  a  3000  volt  unit  of  2000  kw  capacity  (two  1500 
volt  generators  in  series)  which  will  carry  momentary 
loads  of  10  to  12  times  normal,  without  showing  dis- 
tress at  the  commutator,  and  which  will  deliver  20  times 
full-load  current  on  dead  short-circuit  without  "buck- 
ing over",  marks  a  considerable  advance  in  the  relia- 
bility of  operation  of  high  voltage  railway  generators. 
The  performance  of  this  unit  is  to  be  viewed  more  as  an 
example  of  the  results  which  are  possible  on  a  special 


FIG.    I — TWO     THOUS.\ND     KW,     3OOO     VOLT     SYNCHRONOUS     M0T0R-GENKR.\T0R   SET 


tion  of  increasing  the  moinentary  overload  commutating 
capacity  so  as  to  enable  a  machine  to  withstand  the 
overloads  and  short-circuits  which  are  incident  to  this 
severe  class  of  service.  This  improvement  has  been 
brought  about  by  the  consistent  development,  to  a  very 
high  plane  of  efficiency,  of  all  the  component  parts  of 
generator  construction,  and  particularly  by  the  use  of  a 
type  of  magnetic  circuit  construction  which  allows  the 
commutating  pole's  efifectiveness  to  be  maintained  at 
loads  well  up  to  the  short-circuit  value. 

It  is  not  possible  theoretically,  however,  to  obtain 
the  same  margin  of  momentary  commutating  capacity 
on  machines  of  all  ratings  at  3000  volts,  because 
of  certain  fundamental  mechanical  limitations  (such  as 
safe  commutator  speed  and  distance  between  brush 
arms)  which  handicap  machines  of  less  than  750  kw 
rating  when  run  at  the  speeds  which  are  standard  on 
moderate  voltage  machines.     This  is  a   fortunate   cir- 


high-voltage  unit  when  all  conditions  of  rating,  speed 
and  voltage  combine  to  give  the  most  favorable  combi- 
nation, rather  than  as  a  criterion  for  other  sizes  and 
types  of  high-voltage  machines  which  do  not  have  as 
great  theoretical  commutating  possibilities. 

However,  in  order  to  give  high-voltage  machines 
these  enormous  momentary  commutating  capacities,  it 
is  necessary  to  adopt  very  conservative  designs,  in  which 
the  best  known  devices  for  the  improvement  of  commu- 
tation are  carried  far  toward  their  limits,  thus  necessi- 
tating greater  refinements  in  construction  and  conse- 
quently higher  costs.  This  means,  in  general,  that  a 
machine  must  be  run  at  a  relatively  low  speed,  consid- 
ering its  capacity ;  that  its  magnetic  circuits  must  be  so 
generously  proportioned  as  to  be  free  from  the  detri- 
mental limitations  of  saturation,  even  at  the  most  severe 
overloads  encountered,  and  that  the  selection  of  the 
number  of  poles  and  the  distribution  of  the  armature 
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windings,  etc.,  must  be  such  as  to  produce  the  most 
favorable  electrical  combinations.  In  other  words, 
many  desirable  commercial  considerations  must  be  sub- 
ordinated to  abnormal  performance.  It  is  thus  theoreti- 
cally and  practically  possible   for  high-voltage   direct- 
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FIG.    2 — V   CURVES   OF   SY^•CHRONOUS    MOTOR 

current  machines  to  be  given  very  creditable  overload 
commutating  characteristics,  provided  one  is  willing  to 
pay  the  cost  of  incorporating  these  features  in  a  special 
machine. 

The  performance  characteristics  of  the  2000  kw, 
3000  volt,  514  r.p.m.  generators,  built  for  the  Chicago, 
Milwaukee  &  St.  Paul  Ry.,  give  an  indication  of  the 
commutating  performance  of  a  3000  volt  unit  in  which 
very  conservative  electrical  and  mechanical  design 
limits  have  been  adhered  to.     These  motor-generator 
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FIG.    3 — POWER-FACTOR    CURVES   OF    SYNCHRONOUS    MOTOR 

Tht  current  is  lagging  below  25  percent  load  and  leading 
above  this  value,  the  transition  from  lagging  to  leading  produc- 
ing the  sharp  bend  in  the  curves. 

sets,  shown  in  Fig.  i,  consist  of  duplicate  1500  volt  gen- 
erators, connected  in  series  to  form  a  3000  volt  unit,  and 
have  two  direct-connected  exciters,  the  larger  one  sup- 
plying excitation  to  the  synchronous  motor,  and  the 
other  excitation  to  the  generators.     The  primary  con- 


sideration was  a  construction  which  would  withstand 
the  electrical  and  mechanical  shocks  incident  to  carry- 
ing the  extreme  overloads  which  are  met  in  railway  ser- 
vice. Three  thousand  volt  service  has  also  presented 
new  problems  from  the  insulation  standpoint,  particu- 
larly in  the  methods  of  insulating  the  exposed  commu- 
tator surfaces,  and  has  necessitated  the  developinent  of 


FIG.    4 — CROSS-SECTION    THKOH^H    DIRECT-CURRENT  GENERATOR 

Showing  radial  ventilation  system, 
insulation  methods  considerably  more  elaborate  than 
those  found  on  lower  voltage  machines,  in  order  to 
m.aintain  the  same  generous  electrical  as  mechanical  fac- 
tor of  safety.  The  service  requirement  to  be  met,  the 
distinguishing  features  of  the  type  of  construction  em- 
ployed, and  the  test  characteristics  of  the  set  may  be 
summarized  as  follows : — 

CAPACITY 

This  set  has  a  normal  capacity  of  2000  kw,  3CXX) 
volts,  at  90  percent  power-factor,  and  will  carry  3000 
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kw  for  two  hours,  with  a  temperature  rise  not  exceeding 
55  degrees  C.  The  sets  are  to  operate  either  direct  or 
inverted  (i.e.  regenerative  or  braking)  at  loads  up  to 
6ooo  kw  for  five  minutes  without  injury,  with  the  mo- 
tor   power-factor    automatically    maintained    between 
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unity  and  90  percent  leading  from  half  load  up  to  300 
percent  load.  This  heavy  overload  necessitates  special 
provisions  to  increase  the  motor  field  excitation  in  order 
that  the  motor  may  have  a  generous  margin  of  overload 
torque  even  when  the  line  voltage  drops  to  85  percent 


FIG.    6 — .ARMATURE    OF    GENERATOR    AND    EXCITER 

normal.  It  is  a  characteristic  of  synchronous  motors 
that  the  pull-out  torque  is  roughly  proportional  to  the 
■  excitation,  and  inversely  proportional  to  the  applied 
voltage,  as  indicated  by  the  minimum  excitation  required 
for  a  given  load,  shown  in  the  motor  Vrcurves,  Fig.  2. 
This  overload  requirement  necessitates  a  compounding 
.of  the  motor  exciter,  such  that  the  motor  field  excitation 
automatically  increases  with  the  load,  in  the  proper  pro- 
portion to  maintain  the  specified  power- factor.  The 
power-factor  adjustment  actually  obtained  is  indicated 
in  Fig.  3,  which  shows  that  the  motoring  and  regenera- 
tive power-factor  characteristic  are  practically  identi- 
cal, and  that  unity  power-factor  is  reached  at  about  one- 
half  load,  and  a  leading  power-factor,  varying  between 
unity  and  90  percent  leading,  is  obtained  up  to  300  per- 
-cent  load.  As  some  of  the  sets  may  require  adjustment 
of  the  power-factor  characteristic  when  operating  at 
■different  parts  of  the  electrified  system,  it  has  been  ar- 
ranged to  vary  this  adjustment  in  a  convenient  mantier 
by  the  use  of  an  additional  field  winding,  which  is  only 
used  when  a  power-factor  adjustment  different  frcm 
the  factory  setting,  is  required. 

VENTILATION 

The  generators  of  this  set  are  of  the  enclosed  type, 
and  are  arranged  for  automatically-controlled  forced 
ventilation  at  times  of  heavy  overload.  This  arrange- 
ment  minimizes   the   running  light   losses,   by   reducing 


FIG.    7 — MAIN   AND   COM  MUTATING    POLES 

the  machine's  windage  losses  to  a  minimum  during  the 
long  periods  of  light  loads,  which  are  inherent  to  tliis 
■  class  of  service  and  during  which  no  forced  ventilation 
is  required.  This  saving  of  blower  losses  has  been  made 
possible  by   devising  a   thermal   control   system,   which 


automatically  starts  the  blower  when  the  temperature  of 
the  direct-current  armature  winding  reaches  a  limiting 
value  of  75  degree  C.  The  inherent  difficulty  of  any 
system  of  armature  temperature  control  is  the  obvious 
impossibility  of  obtaining  any  direct-reading  tempera- 
ture indicating  device.  It  has  been  proven  possible, 
however,  to  very  closely  approximate  the  observable 
thermometer  temperature  of  the  armature  winding  by 
means  of  the  change  in  resistance  of  a  small  resistance 
coil  mounted  on  a  specially-proportioned  and  insulated 
current-carrying  conductor  in  the  stator  windings.  The 
thermal  control  system  is  so  arranged  that  the  rise  in 
resistance  of  this  coil  actuates  a  relay,  which  starts  the 
blower  when  the  armature  winding  reaches  an  actual 
temperature  of  75  degrees  C.  By  basing  the  starting  of 
the  blower  on  the  actual  temperature  of  the  machine, 
full  advantage  is  taken  of  the  low  ambient  temperature 
in  which  these  machines  operate  for  many  months  of 
the  vear. 


FIG.   8 — GENERATOR    STATOR    CONSTRUCTION 

The  passage  of  ventilating  air  through  the  machine 
is  arranged  according  to  the  radial  system,  shown  in 
Fig.  4,  in  which  the  air  is  delivered  to  the  inner  peri- 
phery of  the  rotor  by  a  double  rear  end  bell,  and  is 
passed  through  radial  ventilating  ducts  in  the  rotor  core 
and  around  the  under  surfaces  of  the  armature  wind- 
ings, and  passes  out  between  the  field  coils  to  the  front 
of  tlie  machine.  The  core  ducts  are  small  blowers  in 
themselves,  thus  giving  the  radially-ventilated  machine 
an  inherent  ventilating  force,  tending  to  direct  what  air 
is  available  through  the  hottest  part  of  the  machine,  and 
has  a  considerable  power  for  pulling  air  through  the 
core  when  the  blower  is  stationary.  Thus  when  running 
without  an  external  blower,  a  radially-ventilated  ma- 
chine has  a  veiy  generous  continuous  rating:  possibly 
from  30  to  50  percent  greater  than  the  same  machine 
would  have  with  axial  ventilation.  The  radial  ventila- 
tion thus  provides  a  very  considerable  inherent  thermal 
margin  of  safety  in  normal  operation,  and,  since  the 
reliabilitv  of  anv  thermal  control  svstem  can  never  be 


so 
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ideal,  the  use  of  radial  ventilation  assures  a  freed(;m 
from  trouble  in  case  of  blower  failure  that  is  a  vital 
factor  in  maintaining  continuity  of  service. 

TEMPERATURE    PERFORMANCE 

The  thermal  characteristics  of  this  set  are  ex- 
tremely liberal,  as  it  can  carry  all  of  its  guaranteed  loads 
without  the  aid  of  forced  ventilation,  and  still  not  ex- 
ceed a  temperature  rise  of  60  degrees  C.  This  is  made 
possible  by  the  use  of  radial  ventilation  and  the  open 
armature  construction  shown  in  Fig.  6,  in  which  the 
end  windings  are  arch-bound  on  themselves  circum- 
ferentially,  and  heavily  banded  down  on  an  insulated 
coil  support  The  top  and  bottom  of  the  coils  in  the 
end  windings  are  thus  exposed  to  the  ventilating  air, 
resulting  in  a  ready  dissipation  of  the  end  winding  heat, 
and  the  minimization  of  local  hot-spots,  while  still  main- 
taining a  very  rigid  coil  bracing,  which  is  amply  capable 
of  withstanding  all  short-circuit  stresses. 

The  heating  curve  of  these  armatures,  without  the 
blower  running,  at  full  load  and  50  percent  overload,  is 
shown  in  Fig.  5,  which  shows  reasonably  close  agree- 


shunt-wound  compensated  type,  and  are  equipped  with 
a  flash  suppressor.*  The  use  of  shunt-wound  machines 
is  rather  unusual  in  low  voltage  railway  work,  where 
non-compensated  commutating-pole  machines  are  found 
satisfactory,  because  such  machines  usually  have  a  very 
decided  drooping  voltage  characteristic.  Shunt-wound 
compensated  generators,  however,  by  eliminating  all  in- 
ternal electrical  distortions  have  only  a  very  slight  droop 
in  voltage  under  load,  and  have  the  decided  electrical 
advantage  on  a  high-voltage  outfit  of  allowing  a  very 
clean  construction  of  the  stator  parts,  with  ample  room 
for  the  necessary  compensating  windings,  and  allowing 
f  general  simplification  of  the  entire  stator  construc- 
tion by  the  omission  of  the  series  coil  wiring.  The 
slight  droop  in  voltage  characteristic  insures  great  sta- 
bility in  parallel  operation  and  is  actually  no  handicap 
in  this  class  of  service,  where  close  voltage  regulation  is 
never  desired.     The  operation  of  shunt-wound  gener- 


FIG.   9 — DIRECT-CURRENT   SHORT-CIRCUIT  TEST  AT  9.2$   LOAD 

ment  between  the  thermometer  temperatures  of  the  gen- 
erator and  the  temperature  indicated  by  the  resistance 
of  the  blower  operating  coil.  On  full  load,  the  temper- 
atures are  so  low  that  no  blower  is  necessary,  while  at 
50  percent  overload  the  temperature  indicated  by  the 
resistance  of  the  indicating  coil  is  slightly  higher  than 
the  thermometer  temperature  of  the  armature.  It  is 
desirable  to  have  incorporated  in  the  indicating  device 
a  conservative  margin  of  safety  to  offset  any  local  hot 
spots  which  might  exist  in  the  machine.  This  curve  is 
extremely  interesting  because  of  the  ready  comparison 
it  affords  between  the  short  time  rating  of  a  high-speed 
machine  and  its  continuous  temperature  rating  at  the 
same  load.  High-speed  machines  necessarily  have  a  re- 
latively small  thermal  capacity,  resulting  in  a  rapid  in- 
crease in  temperature  when  a  heavy  overload  is  applied. 
It  is  thus  entirely  possible  seriously  to  overheat  a  ma- 
chine which  has  exceptionally  good  commutating  char- 
acteristics at  loads  very  much  below  the  load  where 
sparking  begins  to  appear  on  the  commutator.  The 
temperature  of  this  machine  with  the  blower  in  opera- 
tion, is  materially  lower  than  that  shown  on  the  curve, 
the  difference  representing  a  virtual  increase  of  machine 
capacity  to  handle  heavy  loads  of  long  duration. 

ELECTRICAL   CHARACTERISTICS 

The  generators  of   this   set  are  of   the   six-pcle. 


HC.    10 — COMMUTATION    AT   Q.25    LOAD 

ators,  when  running  inverted  (regenerative)  in  parallel 
with  other  sets,  is  inherently  superior  to  tliat  of  com- 
pound wound  generators,  which  must  necessarily  nin 
as  differential  motors.  The  stator  construction  of  these 
machines  is  shown  in  Fig.  8. 

The  six-pole  construction  of  machines  as  large  as 
these  is  rather  unusual,  when  compared  with  moderate 
voltage  constructions.  Flashing  at  the  commutator 
during  overloads,  or  partial  short-circuits,  is  a  severe 
handicap  to  a  machine's  usefulness,  and  a  positive  de- 
triment to  its  reliability,  and  the  use  of  the  six-pole  con- 
struction is  necessary  in  order  to  obtain  the  maximum 
inherent  immunity  from  flashing,  and  to  allow  the  re- 
quisite freedom  in  design  to  meet  the  unusual  commu- 
tating performance  characteristics  which  these  sets 
have.  The  likelihood  of  flashing  in  a  direct-current 
machine  is  fundamentally  dependent  upon  the  distance 
between  brush  arms,  which  distance  is  limited  by  the 
mechanical  conditions  governing  commutator  peripheral 
speed.     This  speed  is  proportional  to  the  distance  be- 


*Sce  article  on  "The  Flash  .Suppressor"  by  N.  W.  Storer 
and  F.  T.  Hague,  in  the  Journal  for  May,  iqi8,  p.  144. 
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tween  brush  arms,  and  the  armature  frequency 
in  cycles  per  second  or,  in  other  words,  the  permissible 
distance  between  brush  arms  for  a  conservative  commu- 
tator speed  is  inversely  proportional  to  the  armature 
frequency,  or  the  number  of  poles.  Thus,  for  a  given 
machine  speed,  the  high-voltage  machine  must  have 
fewer  poles*  than  a  moderate  voltage  machine,  if  it  is 
tf:  have  the  same  margin  of  safety  in  operation.  In 
order  to  provide  the  maximum  inherent  immunity  fium 
flashing,  and  to  obtain  the  maximum  commutating  per- 
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FIG.    II — DIRECT-CURRENT  TERMINAL  VOLTAGE  CHARACTERISTICS 

From   oscillograph   tests.     The   flash   suppressor   was   not 
used  during  these  tests. 


formance  of  which  the  machines  are  theoretically  cap- 
able, these  machines  were  built  with  the  minimum  num- 
ber of  poles  which  allowed  a  balanced  mechanical  de- 
sign. This  is  consistent  with  experience,  which  has  al- 
ways proven  that  low  frequency  machines  have  better 
inherent  commutating  characteristics  than  higher  fre- 
quency ones. 

The  commutating  pole  construction,  shown  in  Fig. 
7,  is  unusual  in  that  the  tip  of  the  pole  which  carries  the 
winding  has  a  large  tapered  body  section  insuring  an 
unsaturated  magnetic  circuit  at  extreme  overloads. 
The  tapered  pole  body  is  so  proportioned  as  to  utilize  to 
the  fullest  possible  extent  all  of  the  space  available  be- 
tween the  main  pole  tips  for  the  commutating  pole  and 
Vifinding,  and  allows  the  rear  half  of  the  pole  which 
carries  no  winding,  to  be  made  of  very  large  magnetic 
section.  The  momentary  overload  commutating  ca- 
pacity of  a  machine  is  directly  dependent  upon  the  main- 
tenance of  an  unsaturated  magnetic  circuit  as  the  fol- 
lowing considerations  will  show.  Current  is  delivered 
from  a  direct-current  generator  to  its  line  through  the 
process  of  commutation,  which  in  order  to  be  success- 
ful, requires  that  each  armature  coil  must  have  its  cur- 
rent completely  reversed  each  time  the  bars  to  which  it 
is  connected  pass  under  a  brush.  The  reversal  of  cur- 
rent in  an  inductive  armature  coil  necessarily  involves 
;;  change  of  magnetic  energy  in  the  coil,  and  unless  this 
change  is  accomplished  while  the  coil  is  still  short-cir- 
cuited by  the  brush,  it  will  be  evidenced  by  an  arc,  as 
the  coil  breaks  contact  with  the  brush.  It  is  the  theoreti- 
cal function  of  commutating  poles  to  accomplish  this 
energy  change  in  the  commutating  coils,  and  to  the  ex- 
tent to  which  they  fail  to  reverse  the  load  current  in  the 


allotted  time,  sparking  results.  For  perfect  operatiorf,. 
the  commutating  pole  strength  must  increase  directly 
with  the  load  current,  and  this  requires  the  poles  to  be 
proportioned  magnetically  so  as  to  use  the  space  avail- 
able for  them  to  the  fullest  advantage.  Commutating 
poles  of  tapered  body  section  represent  the  maximum 
which  can  be  done  to  improve  the  effectiveness  of  the 
commutating  poles  at  very  high  loads.  This  construc- 
tion logically  involves  making  all  of  the  magnetic  circuits 
of  very  generous  proportions  in  order  to  avoid  the  detri- 
"mental  effects  of  saturation,  even  at  peak 
loads,  and  accomplishes  its  result  of  extend- 
ing the  commutating  limits,  only  by  a  consid- 
erable increase  in  size  of  the  various  magnetic 
circuits. 

The  commutator  neck  insulation,  and  the 
insulation  between  the  necks  and  the  arma- 
ture winding  coil  support  have  always  been 
the  weakest  points  of  direct-current  arma- 
tures from  the  insulation  stand-point,  and  it 
was  considered  necessary  to  develop  an  im- 
proved type  for  3000  volt  service.  It  con- 
sists of  a  moulded  mica  ring,  extending  from 
the  rear  of  the  commutator,  up  along  the 
the  commutator  necks  to  the  armature 
and  extending  over  the  top  of  the  front 
This  mica  is  supported  and  protected  by 


back     of 

winding, 

coil  support. 

a  casting,  bolted  to  the  rear  of  the  commutator  V-ring. 

Further  protection  against  dirt  is  obtained  by  packing 

between  the  commutator  necks  with  a  filling  material,  as 

shown   in   Fig.    5,   which,   after  baking,   is   turned   off 

flush  with  the  necks.     The  commutator  front  V-ring  is 

heavily  insulated  bv  asbestos  duck,  which  is  impregnated 

with  varnish  and  baked  in  place. 

TEST   COMMUTATING    CHARACTERISTICS 

The  commutating  performance  of  these  machines 

was   tested   by   tripping   a   circuit-closing   switch,   thus 

establishing  a  circuit  through  a  bank  of  non-inductive 

grid  resistances,  and  interrupting  this  overload  current 

by  means  of  a  slow-speed  circuit  breaker  which  opened 

in  about  o.io  second.     Thus  the  loads  were  applied  at 

TABLE  I— SUMMARY   OF  THE   DATA  OF  THE  COM- 
PLETE SERIES   OF   SHORT-CIRCUIT  TESTS, 
MADE  AT  3000  VOLTS  NO  LOAD 


Times 
Load 

Circuit 
Resistance 

Sustained 

Percentage 

Initial  rate  of 

D.C. 
voltage 

increase 
field  amps. 

current  increase 
per  sec. 

I.O 

4-.S 

2900 

10 

570000 

2.0 

2.16 

2800 

20 

620000 

3-5 

1.22 

2650 

30 

710000 

5-5 

0.78 

2450 

45 

850000 

7-5 

0.56 

2200 

62 

840000 

9.0 

0.46 

lOSO 

90 

940000 

1 1.0 

0.30 

1850 

105 

I  0^0  000 

12.0 

0.34 

1600 

125 

I  070000 

15.0 

0.26 

1 150 

180 

I  IIOOOO 

20.0 

0.13 

0 

350 

I  150000 

*See  article  on  "Factors  that  Determine  Maximum  Rating 
of  a  Direct-Current  Machine"  by  F.  T.  Hague  in  the  Journ.a.l 
for  Feb.   1018,  p.  42. 


a  much  more  rapid  rate  than  in  normal  railway  ser- 
vice, because  the  trolley  line  has  an  appreciable  re- 
actance which  tends  to  slow  down  the  rate  of  current 
increase  on  partial  short-circuits.  The-  commutation  of 
these  machines  was  practically  sparkless  at  loads  up  to 
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ten  times  normal.  At  currents  between  lo  and  15  times 
normal,  sparking  began,  and  the  brushes  emitted  some 
slight  fire,  which  did  no  damage  to  the  brushes  or  to  the 
commutator  surface,  and  the  machine  showed  no  tend- 
ency whatever  to  flash  over.  Between  15  and  20  times 
rormal  current,  a  small  flash  was  generated  under  the 
brushes  which,  however,  was  prevented  from  going  to 
ground  by  asbestos  board  shields  mounted  on  the  outer 
end  of  the  brush  rigging,  as  shown  in  Fig.  i. 

It  is  thus  possible  to  short-circuit  these  machines 
at  3000  volts  without  any  external  resistance,  and  open 
this  dead  short-circuit  by  a  slow-speed  circuit  breaker, 
as  shown  in  Fig.  9,  after  a  time  intei"val  of  o.i  second 
without  any  damage  to  the  machines  or  brush  rigging 
that  will  prevent  them  from  continuing  on  in  normal 
service  without  a  shut-down.  A  visual  idea  of  the 
commutating  conditions  may  be  obtained  from  Fig.  10, 
which  shows  the  sparking  at  the  commutator  at  9.25 
times  normal  full-load  current.  This  photograph  was 
taken  at  a  lens  opening  of  F-ii,  which  shows  more  fire 
on  the  photograph  than  is  evident  to  the  eye.  Photo- 
graphs of  commutating  conditions  are  not  capable  of 
correct  interpretation,  unless  the  lens  opening  and  the 
circuit  breaker  speed  are  stated,  because  the  film  is  a 
light  value  integrating  device,  and  the  slower  the  cir- 
cuit breaker  speed,  the  greater  the  impression  on  the 
film. 

It  has  been  possible  to  obtain  a  complete  oscillo- 
graphic record  of  the  machine's  terminal  voltage,  arma- 
ture current  and  field  current  on  various  loads,  up  to 
the  dead  short-circuit  value.     This  data  shows  that  the 


machines  have  an  unusual  power  of  maintaining  voltage 
under  very  heavy  overloads,  the  voltage  regulation  be- 
ing an  absolutely  straight  line  on  loads  up  to  ten  times 
normal,  with  only  a  slight  droop  at  much  higher  loads. 
This  is  the  direct  result  of  thorough  electrical  compen- 
sation and  the  absence  of  excessive  arcing  under  the 
brushes,  even  at  the  highest  currents.  This  data  is 
plotted  in  convenient  form  in  Fig.  11,  which  shows  the 
terminal  voltage  under  sustained  load,  the  voltage  rise 
on  the  armatures,  due  to  the  sudden  interruption  of 
current  by  the  circuit  breaker,  and  the  percentage  in- 
crease in  field  current  which  takes  place  on  suddenly 
applied  loads  up  to  the  dead  short-circuit  value.  The 
slight  departure  of  the  voltage  regulation  curve  from  a 
straight  line  at  currents  beyond  ten  times  normal  maiks 
the  current  at  which  sparking  begins  to  appear  on  the 
commutator  and  the  point  at  which  the  field  current  be- 
gins to  increase  in  a  faster  proportion  than  the  load,  5f\A. 
in  a  general  way  confirms  the  data  shown  in  the  phrto- 
graph. 

As  shown  in  Table  I,  the  rate  of  current  increase 
or  overload  is  very  rapid  on  compensated  generators, 
because  they  have  a  minimum  of  reactance.  The  cur- 
rent increases  at  an  initial  rale  of  570000  amperes  per 
second,  when  full  load  is  thrown  on  the  machine,  and 
the  rate  gradually  increases  with  increasing  magnitude 
of  current  until,  at  dead  short-circuit,  the  current  in- 
creases at  the  initial  rate  of  i  150  000  amperes  per  .'-ec- 
ond.  The  circuit  resistance  given  in  Table  I  includes 
the  machine's  resistance  and  the  brush  contact  resist- 
ance, which  amounts  to  0.13  ohms  total. 


lH\pT(],sD-''r'no  Lu^lrijiljig  Arresters 


Q.  A.  Brackett 

Lightning  Arrester  Engineer, 

Westinghoiise  Electric  &  Mfg.  Company 


THI''  purpfjse  of  a  lightning  arrester  is  to  protect. 
To  do  this,  it  must  act  with  minimum  delay,  dis- 
charge with  maximum  freedom  and  restore  nor- 
mal conditions  following  a  discharge  with  greatest  re- 
liability and  minimum  disturbance.  Lightning  arrester 
development  began  with  the  last  of  these  requirements 
and,  during  early  years,  most  attention  was  devoted  to 
methods  of  stopin"[_  the  arc  following  a  discharge. 
Many  types  of  arresters  were  brought  forth,  of  which 
nearly  all  used  a  simple  spark  gap  and  had  limited  free- 
dom of  discharge,  due  to  the  use  of  resistances  in  one 
form  or  another.  As  power  systems  grew  large,  at- 
tention was  directed  more  to  the  development  of  types 
having  greater  discharge  rates,  culminating  in  the  alumi- 
num electrolytic  arrester  which,  when  properly  main- 
tained, still  remains  the  most  efficient  of  all  arresters, 
once  it  has  started  to  discharge. 

Here  and  there,  however,  cases  were  noticed  where 
even  the  best  electrolytic  arresters  failed  to  give  pro- 
tection and  sometimes  failed  to  discharge.  This  made 
it  clear  that  in  commercial  arresters  some  vital  and  es- 
sential element  was  lacking.       Finally  it  was  realized 


that  this  was  the  quality  mentioned  first  above,  namely, 
speed  of  action  or,  technically  speaking,  low  time  con- 
stant of  discharge. 

This  was  made  worse  by  the  growing  tendency  to 
assume  that,  because  an  electrolytic  arrester  was  much 
more  expensive  than  any  other  type,  it  could  be  made 
to  do  all  the  work  itself.  Therefore,  choke  coils  have 
grown  smaller  and  smaller  until  many  commercial  forms 
are  of  negligible  value,  and  sometimes  none  are  used  at 
all.  An  adequate  choke  coil  can  delay  a  surge  so  as 
to  give  the  standard  electrolytic  arrester  time  to  dis- 
charge, and  thus  protect  the  apparatus  behind  the 
choke  coil.  However,  by  piling  up  the  voltage  outside 
the  coil,  it  would  make  the  danger  of  breaking  down 
the  insulation  of  the  line  still  greater. 

It  became  evident,  therefore,  that  the  vital  line  of 
improvement  lay  in  reducing  the  "time  constant"  or 
"dielectric  spark  lag"  of  the  gaps  used  with  the  arrest- 
ers. A  good  deal  could  be  accomplished  along  this  line 
by  applying  to  arrester  gaps  the  principles  already 
learned  in  connection  with  measuring  gaps  for  high 
voltages.      In   that    field,   the   s]ihere  gap  had   long  dis- 


THE    ELECTRIC    JOURNAL 


53 


placed  the  needle  gap,  and  it  was  only  a  small  step, 
therefore,  from  the  plain  horn  to  the  sphere  gap  on  ar- 
resters. 

The  adoption  of  the  sphere  gap  brought  into  more 
current  use  the  term  "impulse  ratio".  As  applied  to 
arrester  gaps,  "impulse  ratio"  means  the  ratio  of  dis- 
charge voltage  on  high  lightning  frequencies  to  the  dis- 
charge voltage  of  the  same  gap  on  lovi'  commercial  fre- 
quencies. A  high  impulse  ratio  obviously  means  poor 
lightning  protection  and,  in  general,  the  ratio  w^ill  be 
greater  than  unity  whenever  the  gap  length  is  much 
greater  than  the  diameter  of  the  spark  gap  electrodes. 
This  is  because  the  formation  of  a  brush  discharge  must 
precede  actual  breakdown  of  the  gap  and,  as  this  re- 
quires energy,  it  necessarily  requires  a  finite  time.  Dur- 
ing this  time  interval,  while  the  brush  is  being  formed, 
the  voltage  of  the  surge  can  keep  on  rising  to  a  greater 
and  greater  percentage  above  the  real  breakdown  value 


FIG.    I — IMPULSE    SPARK    CAP 


depending  on  the  frequency  of  the  surge.  This  is  illus- 
trated in  Fig.  2  in  which  VJ^o  represents  the  point  and 
time  of  breakdown  of  a  properly  designed  sphere  gap 
which  has  no  time  lag.  V\T^  shows  the  point  to  which 
the  voltage  can  rise,  due  to  the  time  lag  where  an  ordi- 
nary horn  gap  is  used.  VJ'^  on  the  other  hand,  shows 
the  earlier  discharge  and  quicker  and  better  protection 
resulting  from  the  lower  voltage  breakdown  of  the  im- 
pulse gap  described  below,  due  to  its  selective  property. 
It  follows,  therefore,  that  a  needle  gap  is  the  worst  of 
all,  and  tests  show  that  it  can  have  an  impulse  ratio  of 
greater  than  2  to  /,  while  a  properly  proportioned  sphere 
gap  will  have  practically  a  unity  ratio. 

This  change  to  sphere  gaps,  however,  had  suggested 
a  new  line  of  development  that  was  not  destined  to 
stop  there.  The  improvement  gained  by  adding  spheres 
was  not   great   enotigh   to  he   considered   final.     Below 


1 1  000  volts,  there  was  no  improvement  at  all,  while 
up  to,  say,  66000  volts  the  improvement  was  only  a 
comparatively  small  percentage,  since  the  gap  settings 
used  were  not  wide  enough  to  accentuate  the  difference 
in  speed  between  a  sphere  and  the  comparatively  large 
diameter  horns  used,  for  the  plain  horn  gap  becomes 
inferior  only  when  the  gap  setting  is  much  greater  than 
the  diameter  of  the  horn. 

At  first  it  was  thought  that  unity  impulse  ratio  re- 
presented perfection  and  that  nothing  more  could  be 
expected  of  a  gap  than  that  it  should  discharge  light- 
ning frequencies  at  least  as  well  as  commercial  fre- 
quencies. This,  however,  is  the  age  of  specialization 
and  it  was  only  natural  that  it  should  occur  to  engineers 
that  if  an  arrester  existed  primarily  to  discharge  high 
frequencies,  it  ought  to  be  possible  to  breed  into  it  an 
especial  keenness  of  scent  along  that  line,  so  that  it 
would  select  out  high  frequency  surges  and  give  them 
special  attention,  letting  harmless  low  frequency  surges, 
due  to  switching,  load  changing,  etc.  pass  on  undis- 
turbed. 

The  problem  presented  itself,  therefore,  of  provid- 
ing a  gap  that  would  be  automatically  more  sensitive 
to  high  frequencies  than 
to  low.  Obviously  some 
combination  of  induct- 
ance or  capacity  must  be 
used  when  dealing  with 
matters  of  frequency. 
For  simplicity's  sake,  ca- 
pacity was  chosen,  since 
it  was  already  available  in 
the  arrester,  namely,  the 
capacity  of  the  gap  insu- 
lators as  condensers,  and 
this  improved  device  has 
been  given  the  name  of 
the  "impulse  gap"  singe  it 
is  especially  sensitive  to  sudden  impulses. 

The  scheme  adopted  is  essentially  a  Wheatstone 
bridge  that  is  balanced  at  low  frequency  and  unbalanced 
at  high  frequency.  Fig.  3  shows  the  fundamental  cir- 
cuit in  which  Q  =  C^  and  C^  =  C4,  all  being  capacities. 
A  and  B  therefore,  are  both  neutral  points  and  can  be 
connected  together  without  disturbing  the  equilibrium 
of  the  system.  Likewise,  if  AB  is  a  small  diameter  con- 
ductor, it  can  pass  through  the  center  of  spark  gap 
SO  without  materially  affecting  the  breakdown  voltage 
of  the  gap.  R  is  an  inductive  impedance,  or  in  the  com- 
mercial design,  a  high  resistance  that  is  low  enough, 
however,  in  comparison  with  the  impedances  C3  and  C^ 
to  be  negligible  at  commercial  frequencies,  and  thus  not 
disturb  the  balance  of  the  bridge. 

At  normal  frequencies,  therefore,  the  arrangement 
shown  in  Fig.  3  constitutes  a  balanced  bridge,  since  the 
resistance  of  R  is  negligible  in  comparison  with  the  im- 
pedances of  C3  and  Q.  At  high  frequencies,  however, 
such  as  lightning  surges,  the  latter  impedances  become 
very  small  compared  to  R  and  almost  all  of  voltage  E 


-TYPICAL  CURVE  OF  HIGH- 
VOLTAGE    WAVE 
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is  piled  up  across  the  one  arm  of  the  bridge  including 
C4  and  R.  The  tendency  of  the  gap  between  AB  and 
G  to  break  down  is  thus  greatly  increased.  As  soon  as 
it  breaks  down,  the  gap  between  AB  and  S  naturally 
follows. 

In  the  commercial  construction,  the  capacities  Cj 
and  C,  are  provided  by  the  gap  itself,  while  C^  and  Q 
are  formed  by  the  insulator  column  supporting  the  line 
side  of  the  gap.  AB  takes  the  form  of  an  auxiliary 
electrode  extending  from  the  middle  of  the  insulator 
column,  consisting  of  C3  and  C^,  to  the  center  of  the 
gap.  In  Fig.  4  is  shown  approximately  the  standard 
66  000  volt  construction.  The  two  insulators  under  the 
line  side  of  the  gap  form  condensers  C3  and  C^,  and  the 
capacities  between  the  intermediate  electrode  of  the  gap 
and  the  two  spheres  or  horns  respectively  form  Cj  and 
C,. 

A  very  valuable  feature  of  the  impulse  gap  is  that 
it  is  not  necessary  to  .sacrifice  any  good  feature  of  pre- 


that  it  can  be  made  only  one-half  as  long  as  the  sphere 
gap  instead  of  say  twice  as  long.  When  the  sphere  gap 
for  arresters  was  first  brought  out,  it  was  claimed,  and 
claimed  correctly,  that  it  was  as  good  as  a  needle  gap 
of  half  the  low  frequency  discharge  voltage,  but  it 
could  not  be,  and  was  not  claimed  that  it  could  any- 
where near  equal  a  needle  gap  of  one-fourth  the  low  fre- 
quency discharge  voltage,  such  as  determines  the  pro- 
tection given  by  the  impulse  gap.  The  possibility  of 
getting  the  benefit  of  such  a  low  gap  setting  is  the  new 
contribution  of  the  impulse  gap.  It  makes  possible  the 
obtaining  of  an  impulse  ratio  of  almost  any  desired 
value.  As  low  as  0.3  is  possible,  but  such  a  value  is 
lower  than  is  ever  likely  to  be  desired.  A  reasonable 
and  feasible  arrangement  in  commercial  service  would 
be  a  gap  set  for  50  percent  above  normal  voltage  at 
normal  frequency  and  which,  due  to  the  impulse  fea- 
ture, would  discharge  at  line  voltage  on  a  500  000  cycle 
surge. 


Shore  Circuiting  Clip 


Auxiliary  Gap 


FIG.   3 — SCHEM.ATIC  DIAGRAM    OF  IMPULSE  GAP 


vious  practice.  The  sphere  gaps  can  be  retained  and 
the  same  settings  used  as  experience  has  shown  best. 
If  the  au.xiliary  electrode  AB  is  removed,  there  remains 
an  arrester  identical  in  characteristics,  but  with  some- 
what better  insulation  than  the  best  designs  previously 
available.  If,  at  any  time,  it  is  desired  to  eliminate  the 
impulse  gap  feature  AB  can  be  removed  in  a  few 
moments  without  disturbing  any  other  part  and  no 
change  of  adjustment  or  gap  setting  need  be  made. 

One  feature  remains  to  be  noted  which  might  other- 
wise be  overlooked,  namely  that  for  best  results  the 
electrode  AB,  should  be  not  a  sphere,  but  a  small  dia- 
meter point.  The  smaller  the  better  so  long  as  it  does 
not  bum  away  too  rapidly.  This  is  because  the  use 
of  a  point  electrode  makes  the  breakdown  voltage  of 
half  the  gap  equal  to  only  about  one-fourth  that  of  the 
whole  sphere  gap,  whereas  with  a  sphere  it  would  be 
approximately  one-half. 

Inch  for  inch  of  separation,  the  needle  gap  gives 
better  protection  than  the  sphere  gap,  but  ordinarily,  a 
needle  gap  has  to  be  set  so  much  wider  for  a  given  volt- 
age breakdown  that  it  is  much  inferior,  from  a  protec- 
tive standpoint.  In  the  impulse  gap,  however,  the  ar- 
rester discharge  is  determined  by  a  needle  gap  on  high 
frequencies  and  by  a  sphere  gap  on  low  frequencies. 
Due  to  the  use  of  the  balanced  bridge,  the  needle  gap  is 
prevented   from   discharging  on  normal   frequency,   so 
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FIG.    4 — TYPICAL    CO.N'STRrCTION    OF    IMPULSE   GAP 

Heretofore,  no  such  protection  was  obtainable  from 
a  spark-gap  arrester,  but  it  is  now  easily  accomplished 
with  the  impulse  gap.  It  is  obvious  too  that  the  impulse 
gap  feature  is  not  limited  to  the  electrolytic  arrester 
alone,  but  may  be  used  with  any  other  type.  It  has 
been  said  that  the  impulse  gap  is  not  faster  than  the 
sphere  gap,  but  that  the  reason  it  works  better  is  that 
it  starts  sooner.  Of  two  equal  gaps,  the  one  that  starts 
first  will  surely  give  the  better  protection.  The  im- 
pulse gap  is  a  big  step  forward  in  protection,  but  its 
possibilities  are  not  yet  exhausted  and  development  is 
not  yet  at  an  end  along  this  line. 


Fuel 
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jllSKI'H     C.    \\ii|;kl.|; 

Manager,  Stoker  Section, 
Westinghouse  Electric  &  Mfg.  Company 


WAR  necessities  brought  about,  to  a  certain  de- 
gree, "conventional"  steam  power  plants.  The 
activities  of  the  different  Government  ?dminis- 
trations,  however,  have  exacted  requirements,  ir,  detail, 
conducive  to  the  highest  economic  operating  results. 
Production,  on  the  one  hand,  has  made  the  different 
public  service  corporations  face  the  necessity  of  in- 
creased power  facilities,  and  the  requirements  of  fuel 
conservation,  on  the  other,  have  demanded  a  careful 
study  of  detail  problems,  not  only  in  the  selection  of 


FIG.    I— BOSTON    EDISON    STOKER    SETTING 

Showing  clinker   grinder  and   furnace   control   mechanism 
located  at  the  front  of  the  boiler. 

equipment,  but  in  providing  means  for  its  economical 
operation.  The  co-operative  activity  of  the  power  plant 
management,  with  all  these  problems,  cannot  be  better 
exemplified  than  in  the  character  of  the  equipment  de- 
signed for  recent  installations  of  new  steam  plants. 

A  study  of  the  fuel  burning  equipment  of  the  most 
modem  plants  will  show  that  every  consideration  is  be- 
ing given  to  those  details  which  provide  for  a  balancing 
01  the  economic  results  that  come  from  a  careful  se- 
lection of  equipment,  good  supervision  and  correct  op- 
eration. It  will  be  found  that  elaborate  means  are  be- 
ing provided  so  that  the  boiler  room  organization  can 


do  things  easily.  It  is  no  longer  necessary  for  firemen-' 
to  cliinb  ladders  and  crawl  over  the  boiler  tops  to  change 
the  position  of  dampers,  although  such  methods  are  still 
common  in  many  old  plants.  Mechanisms  are  being 
placed  at  the  hands  of  the  operators  so  that  it  is  not 
necessary  for  them  to  go  to  inconvenient  places  in  order 
to  control  operating  conditions. 

The  most  generally  used  fuel  burning  equipmerit  in 
the  modern  stations  is  the  "inclined  multiple  retort"  un- 
derfeed stoker,  designed  for  large  boiler  units,  ranging 
from  I200  to  1500  hp.  A  number  of  boilers  contain- 
ing 12  600  sq.  ft.  of  heating  surface  have  been  used  and' 


< 


FIG.    J-   1  N  I  1  l;liil;    \IEW   OF    HOSTDN    lIUSi 
Showing  clinker  grinder  and   front   wall 


it   construction. 


are  furnishing  steam  for  7000  to  8000  kw  in  the  prime 
mover.  It  is  not  at  all  improbable  that  this  unit  will  be 
further  developed  to  furnish  steam  for  at  least  10  OOO' 
kw.,  in  the  prime  mover  for  continuous  operation. 
These  units  are  set  singly  with  large  alley  ways  between 
each  setting,  so  that  the  boiler  and  fuel-burning  equip- 
ment are  accessible  on  all  sides.  The  stokers  are  de- 
signed for  a  flexible  operation  of  50  to  300  percent  rat- 
ing. Clinker  grinders  are  used  in  a  number  of  cases  for 
discharging  the  ash  and  refuse  automatically. 

The  following  brief  description  of  the  fuel-burn- 
ing equipment  recently-installed  in  a  number  of  modern 
power  stations  covers  a  wide  range  in  the  character  of 
load  and  fuel  used.  Some  of  these  plants  are  com- 
pletely new  stations,  while  others  are  extensions  to  old 
stations,  and  still  others  are  old  stations  in  which  innde- 
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quale  fuel-burning  equipment  has  been  replaced  by  more 
modern  equipment. 

EDISON  ELECTRIC  ILLUMINATING  COMPANY  OF  BOSTON 

This  Company  has  replaced  old  fuel-burning  equip- 
ment under  eight  512  horsepower  boilers  with  inclined 


FIG.    3 — FRONT   VIEW   OF  BOSTON   EDISoX    SIOKKRS 

Showing  motor  driving  equipment, 
underfeed  stokers.     One  of  these  stokers  was  equipped 
with  a  clinker  grinder,  the  idea  being  to  try  this  out 
under  regular  operating  conditions  and  with  the   fuel 
available,  this  being  a  part  of  a  study  for  the  new  ex- 
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FIG.    5 — SETTING    OF    BUFFALO    GENERAL    ELECTRIC    STOKEIS 

Showing  the  method  of  admitting  air  over  the  fire  through 
the  front  and  rear  walls. 

14  tubes  high  and  18  ft.  long,  rated  at  1232  hp.,  at 
300  lb.  gage  pressure  equipped  with  a  superheater  de- 
signed to  give  150  degrees  superheat. 

These  stokers,  as  shown  in  Fig.  I,  are  of  the  un- 


I'H.     .4      KK.\R    VIFW    OF    liOSTO.M    EDISON    BOILERS 

Showing  instrument  boards  and  location  of  furnace  control 
mechanism ;  also  the  location  of  the  doors  in  the  bridge  wall. 

tension  to  the  station.  Although  tlie  stoker  was  of 
small  size  (five  retorts),  the  clinker  grinder  operated 
satisfactorily  and  it  was  decided  to  use  this  design  in 
connection  with  the  equipment  for  the  new  extension 
consisting  of  four  cross-drum  boilers,  42  .sections  wide. 


FIG.   6 — STOKER    AND    BOILER    APPLICATION    OF    THE    UNION    GAS    * 
ELECTRIC    COMPANY,    CINCINNATI 
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derfeed  type,  having  13  retorts  installed  under  the  back 
end  of  the  boiler,  under  the  mud  drums,  and  equipped 
with  rotary  clinker  grinders,  Fig.  2,  for  removing  the 
ash  and  clinker  conlinuously.     The  stoker  drives  Fig.  3, 


FIG     7-    \lnioK     Wll    ((IMKDI      MtCHANISM    OK    THE    STOKER 
EQUIPMENT 

At  the  American  Gas  &  Electric  Company  plant  at  Wind- 
sor, \V.  \'a. 

are  divided  with  not  over  four  retorts  to  a  motor;  also, 

the  wind  boxes  and  dampers  are  so  arranged  that  they 

can  be  controlled  on  the  same  basis,  this  provision  being 

made  so  as  to  give  a  complete  control  of  coal  and  air 

across  the  entire  furnace  width. 


FIG.    8 — STOKER    .\ND    ROILER    EQUIPMENT   \T   THE   AMERICAN    GAS    & 
ELECTRIC  COMPANY  PLANT 

The  coal  usually  used  is  New  River  of  approxi- 
mately the  following  analysis  : — 

Fixed  carbon   73-50 

Volatile 20.75 

Ash 5-7S 

Moisture 3.25 

Sulphur 1.05 

B.  t.  u 14700 

The  average  percent  of  combustible  in  the  ash  and 
refuse  is  not  to  exceed  15  percent.     The  stoker  equip- 


ment, when  supplied  with  the  above  fuel,  is  designed  to 
develop  3CK)  percent  of  normal  rating  of  the  boilers  for 
periods  of  short  duration. 

The  Boston  Edison  engineers  worked  out  a  de- 
sign in  which  doors  are  placed  in  the  bridge  wall  and  all 
controlling  mechanism  placed  at  the  end  opposite  the 
stokers,  Fig.  4,  .so  that  when  the  operator  views  the  fur- 
nace fires  through  the  bridge  wall  doors,  he  will  have  at 
hand  the  controlling  mechanism. 

BUI'FALO    GENERAL     ELECTRIC    CO. 

The  fuel-burning  equipment  for  a  recent  extension 
I  if  this  Company's  boiler  plant  consists  of  24-retort  un- 


FIG.    9 — INSTRUMENT     BOARD     LTSED     IN     CONNECTION      WITH      THE 
STOKERS  AND  BOILERS   SHOWN   IN   FIGS.   /    AND  8 


derfeed  stokers  applied  to  1140  hp  cross- 
drum  boilers,  Fig.  3.  The  stoker  ecjuipment 
is  designed  for  burning  high  volatile  Pitts- 
burgh coal  of  about  13  500  B.t.u.  as  fired,  10 
percent  ash,  3  percent  moisture  and  two  per- 
cent sulphur.  Air  admitting  dump  grates  are 
furnished  with  the  stoker  equipment,  these 
being  power-operated.  To  eliminate,  as 
much  as  possible,  the  formation  of  clinker, 
air  boxes  were  designed  for  installation  in 
the  side  wall. 
The  combined  efficiency  for  the  plant's  operating 
conditions  will  range  from  75  percent  at  200  percent  of 
boiler  rating,  to  65  percent  at  500  percent  of  boiler  rat- 
ing. The  coal  burning  equipment  is  designed  for  con- 
tinuous capacity  of  480  percent  of  boiler  rating  and  600 
percent  for  short  durations.  In  comparison,  this  boiler 
has  24  retorts  installed  under  an  1140  hp  boiler,  while 
at  the  Delray  Station  of  the  Detroit  Edison  Company, 
there  are  26  retorts  installed  under  a  2365   hp  boiler. 
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UNION  GAS  &  ELECTRIC  CO.,   CINCINNATI 

The  new  $8  coo  ooo  plant  of  this  Company  contem- 
plated the  installation  of  eight  cross-drum  type  boilers 
containing  approximately  12625  sq.  ft.  of  water  heating 
surface,  with  superheaters  to  produce  250  degrees  su- 
perheat. Each  boiler  was  made  up  of  42  sections  each, 
13  tubes  high  and  20  ft.  long,  the  furnace  width  being 


FIG.    10 — SECTIONAL   VIEW   OF    STOKERS   AT   THE  DELSAY    STATION    OF 
THE  DETROIT  EDISON  COMPANY 

Showing  clinker  grinder  and  the  curved  grate  surface. 

24  feet  inside  the  setting  walls.  Each  boiler  is  equipped 
with  economizers  over  the  boiler  and  each  boiler,  with 
its  economizer,  is  designed  for  evaporating  100  000 
pounds  of  water  per  hour  continuously  from  100  degrees 
to  steam  at  250  jiounds  i^ressure,  and  superheated  250 


Sliowiiig  ^t(;am  liow  meter,  steam  gauges,  COs  recorders, 
draft  gages,  motor  controls  and  forced  draft  controls  mounted 
on  a  single  panel. 

degrees.  Fig.  6.  The  entire  equipment  is  capable  of 
evaporating  120000  of  water  under  the  same  condi- 
tions for  .short  periods.  The  fuel-burning  equipment 
is  designed  for  burning  West  Virginia  coal  from  the 
Kanawa  District,  containing  ajiiiroximately  12  500  B.t.u. 
per  pound  as  fircfl. 


The  stoker  equipment  is  of  the  underfeed  type,  each 
stoker  containing  14  retorts  placed  under  the  rear  of  the 
boiler  under  the  mud  drum.  The  stokers  consist  of 
double  dumping  grates  with  arrangements  for  admitting 
air  to  them.  The  fuel-burning  equipment  is  designed 
for  combined  efficiency  ranging  from  75  percent,  with  a 
boiler  capacity  of  35  000  pounds  of  water,  to  65  percent 
with  a  capacity  of  100  000  pounds  of  water.  Each  stoker 
is  driven  independently  by  direct-current  motors  con- 
nected bv  Morse  silent  chain  drives  to  the  line  shaft  of 


FIG.    12 — SECTIONAL   VIEW   OF   STOKER   AND   BOILER    APPLICATION   FOR 
THE  WEST  PENN  POWER  COMPANY'S   NEW  STATION,  PITTSBURGH,  PA. 

the  Stokers.     Instrument  boards  are  installed  to  indi- 
cate to  the  operators  the  exact  furnace  conditions. 

AMERICAN  GAS  &  ELECTRIC  CO.,  WINDSOR,  W.  VA. 

The  $10000000  plant  of  this  Company,  located  in 
the  coal  fields  of  Pittsburgh,  is  one  of  our  largest  power 
plant  developments  of  recent  years.  The  present  boiler- 
room  equipment.  Fig.  7,  either  installed  or  provided  for, 
consists  of  14  boilers  with  underfeed  stokers  similar  to 
the  equipment  mentioned  for  the  Union  Gas  &  Electric 
Company.  The  setting  of  the  stokers  is  shown  in  Fig. 
8,  and  the  instrument  boards,  as  shown  in  Fig.  9,  are 
placed  between  each  boiler  in  the  aisles. 

DETROIT  EDISON   COMPANY 

The  front  view  of  the  boiler  and  stoker  equipment 
installed  at  the  Delray  plant  of  the  Detroit  Edison  Com- 
pany is  shown   in   Fig.    10.     This  consists  of  2365  hp 
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boilers  equipped  with  26-retoit  underfeed  stokers,  with 
■clinker  grinders.  The  Detroit  Edison  Company  en- 
gineers have  done  considerable  work  in  the  development 
of  these  clinker  grinders.  Difficulty  was  at  first  experi- 
enced on  account  of  the  fuel  bed  breaking,  where  the 
fuel  left  the  underfeed  part  of  the  stoker,  and  going  into 
the  ash  well.     It  will  be  noted  from  Fig.   10  that  the 


FIG.    13 — UNDERFEED     STOKER     EQUIPMENT     OF     THE     MINNE.^POLIS 
GENERAL    ELECTRIC    COMPANY    AT    MINNEAPOLIS,    MINN. 

grate  surface  has  been  curved,  this  being  done  in  order 
to  eliminate  the  breaks  in  the  fire.  This  equipment  is 
run  ordinarily  at  about  150  percent  of  boiler  rating,  but 
higher  capacities  can  be  obtained  when  necessary.  The 
coal  used  contains  about  13  200  B.t.u.  as  fired,  and  10 
percent  ash.  Under  the  above 
operating  conditions,  the 
combustible  in  the  ash  runs 
from  14  to  18  percent. 

The  instrument  board 
used  for  indicating  to  the  op- 
■erators  the  condition  of  the 
furnace  is  shown  in  Fig.  11. 
It  will  be  noted  that  every- 
thing possible  is  provided  to 
facilitate  ease  in  handling  the 
controlling  equipment. 

WEST    PENN    POWER    COMPANY, 
PITTSBURGH,    PA. 

The  new  plant  of  the 
West  Power  Company,  on 
the  Allegheny  River  above 
Pitts  burgh,  contemplates 
some  decidedly  novel  fea- 
tures in  the  boiler  and  stoker 
equipment.  The  initial  in- 
stallation is  designed  for  six 
boilers  of  the  cross-drum 
vertical-header  type,  42  sec- 
tions wide,  16  tubes  high,  20  ft.  long,  set  with  the  front 
header  16  ft.  above  the  floor,  each  boiler  being  rated  at 


1529  hp  and  equipped  with  superheaters  designed  to  give 
200  degrees  superheat.  Underfeed  stokers  are  to  be 
installed  at  the  front  and  rear  ends  of  the  boilers,  Fig. 
12,  14  retorts  under  the  mud  drum,  and  14  retorts  un- 
der the  front  of  the  boiler.  The  operating  conditions 
are  to  be  a  maximum  of  300  pounds  gage  pressure,  200 
degrees  superheat. 

The  boilers  will  be  set  in  two  rows  with  aisles  about 
15  ft.  between,  thus  giving  plenty  of  room  around  each 
boiler  for  proper  operating  facilities.  The  stoker  drives 
are  so  divided  that  there  will  be  7  or  14  retorts  driven 
by  one  prime  mover,  and  the  wind  box  dampers  are  ar- 
ranged to  control  separately  the  air  for  units  of  3  or  4 
retorts.  The  stokers  are  to  be  equipped  with  clinker 
grinders  for  continuously  removing  the  ash  and  clinker. 
Pittsburgh  coals  will  be  used  with  approximately  the 
following  analyses : — 

.-Vnalysis  :—  Coal  "A"    Coal  "B"      Coal  "C" 

Fixed  carbon  57.38  49-96  56.55 

Volatile 34.81  32.84  32.80 

Ash 7.81  13.26  10.10 

Moisture 5.52  0.94  0.55 

Sulphur 1.50  1.20  0.79 

B.  t.  u.  (as  fired)   ...13500  n  748  12  713 

The  boiler  equipment  is  designed  so  that  the  flue 
gas  temperatures  will  range  from  500  degrees  at  150 
percent  rating,  to  700  degrees  at  300  percent  rating,  the 
combined  efficiency  ranging  from  75  percent  at  150  per- 
cent rating,  to  65  percent  at  350  percent  rating.  Each 
stoker,  when  burning  fuel  as  mentioned  above,  is  de- 
signed to  develop  350  percent  of  boiler  rating  continu- 
ous with  the  clinker  grinder  in  operation,  and  400  per- 
cent of  boiler  rating  for  peaks  of  short  duration.  Un- 
der these  operating  conditions,  the  combustible  in  ash  is 


FIG.    14 — PERFORMANCE   CURVES   OF   A    SIX-RETORT   UNDERFEED   STOKER  AND  .-V  558  HP  BOILER 

\t  the  Union  Electric  Light  &  Power  Co.  plant,  St.  Louis,  Mo.,  using  southern  Illinois  coal, 
not  to  exceed  14  percent,  and  the  ash  is  to  be  discharged 
into  water-sealed  ash  pits. 
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MINNEAPOLIS  GENERAL  ELECTRIC  CO. 

The  engineers  for  H.  M.  Byllesby  Company  have 
been  very  active  in  redesigning  the  fuel-burning  equip- 
ment of  plants  under  their  management.  For  example, 
at  the  Minneapolis  General  Electric  Company's  plant, 
Fig.  13,  there  were  installed  12  underfeed  stokers  un- 
der twelve-600  horse-power  boilers.  A  recent  extension 
to  this  plant  contemplates  the  installation  of  five-14  re- 
tort underfeed  stokers  under  five- 1300  horse-power 
boilers.     On  account  of  the  coal  conditions  prevailing 


FIG.    IS — SIDE    ELEVATION    OF    BOILER    AND    STOKER    APPLICATION    IN 
THE  DENVER   GAS    &   ELECTRIC  COMPANY    PLANT,   DENVER,   COL. 

The   lower  drum  of   the   boiler  is    II    ft.,   2  in.   above   the 
floor  line. 

at  this  plant,  it  was  necessary  to  design  equipment  for 
two  grades  of  coal  of  the  following  proximate  analy- 
ses:— 

Coal  "A"  Coal  "B" 

Fixed  carbon    56.48  43-49 

Volatile 30.81  32.59 

Ash 1 1.03  20.44 

Moisture ". 7.00  10.00 

Sulphur 1.70  3.48 

B.  t.  u 13  400  Dry  1 1  200  Dry 


Under  the  above  conditions,  the  operating  perform- 
ance of  fuel  "A"  ranged  from  1800  to  3000  hp  continu- 
ous and  4500  hp  for  short  durations.  With  the  poorer 
grade  of  coal,  the  ma.ximum  capacity  was  reduced  to 
3000  hp  for  short  durations. 

UNION  ELECTRIC  LIGHT  &  POWER  CO.,  ST.   LOUIS 

In  the  past  year  or  so,  the  boiler  plant  of  the  above 
Company,  has  been  entirely  revamped  and  a  change 
made  in  the  type  of  fuel-burning  equipment  formerly 
used.  Careful  study  was  made  in  regard  to  the  in- 
stallation of  stokers,  and  it  was  finally  decided  to  in- 
stall underfeed  stokers  for  use  with  good  Illinois  coal 
of  the  folowing  analysis : — 

Fi.xed  carbon   48.9 

Volatile 27.3 

Ash 14.9 

Moisture 8.9 

B.  t.  u.   (as  fired)    11  112 

The  main  problem  at  the  start  was  that  of  design- 
ing the  equipment  to  eliminate,  as  much  as  possible, 
trouble  due  to  clinker  formation  on  the  side  walls. 
After  the  equipment  was  in  operation,  and  when  using 
the  coal  that  was  originally  contemplated,  very  little  dif- 
ficulty was  encountered  with  clinkers.  Performance 
results  are  shown  in  Fig.  14.  When  a  grade  of  coal 
with  the  following  analysis  was  used. 

Fixed  carbon   41.0 

Volatile •. 29.0 

Moisture 9.0 

A^^h 21.- 

B.  t.  u.   (dry)    12000 

considerable  more  attention  was  required  to  keep  the 
fires  uniform  and  cleaned  properly  in  order  to  decrease 
clinker  trouble  to  a  minimum. 

DENVER    GAS    &    ELECTRIC    CO. 

Recent  developments  in  the  W'est  have  brought 
about  the  installation  of  underfeed  stokers  for  burning 
coals  found  in  the  Denver  markets.  The  above  Com- 
pany's new  extension  contemplates  the  installation  of 
four  750  hp  boilers  and  four-9  retort  underfeed  stokers. 
The  application  setting  worked  out  as  shown  in  Fig. 
15  was  made  to  give  sufficient  combustion  space 
for  any  high  volatile  coals  that  were  liable  to  be  used 
at  this  plant,  including  lignite.  The  fuel-burning  equip- 
ment has  been  designed  for  the  following  coals: — 

Fixed  carboti  39-00 

Volatile 35-8.S 

Moisture i9-70 

Ash 5.37 

Sulphur 0.42 

B.  t.  u.  (dry)   12000 

When  using  the  above  fuel,  the  operating  perform- 
ance ranges  from  140  percent  boiler  rating  to  200  per- 
cent boiler  rating  for  short  duration,  with  approxi- 
mately 70  percent  combined  boiler  and  furnace  effi- 
ciencv. 


5  M  < )^  c  a  cjoii  Sri  Drt  ^1  yircK  i  cs 

R.  F.  Gooding 

Commercial  Engineer,  Westinghouse  Electric  &  Mfg.  Co., 

Buffalo,  N.  Y. 


WHEN  a  substation  derives  its  power  from  sev- 
eral parallel  feeders  it  may,  at  a  time  of  short- 
circuit,  develop  considerable  power.  This  is 
true  even  when  these  parallel  feeders  come  from  one 
generating  station,  but  when  they  are  in  reality  tie  lines 
between  two  generating  stations,  the  power  developed 
at  short-circuit  is  increased  considerably.  Calculations 
must  be  made  to  determine  the  stresses  to  which  the  ap- 
paratus, such  as  oil  circuit  breakers,  disconnecting 
switches,  bus  supports,  etc.,  will  be  subjected,  and  if 
tliese  stresses  are  found  to  be  excessive,  steps  must  be 
taken  to  keep  them  within  safe  limits. 

If  short-circuit  conditions  were  the  only  factor  to 
be  considered,  the  advisability  of  supplying  substations 
from  tie  lines  might  be  questioned,  but  there  are  times 
when  this  is  highly  desirable  in  order  to  get  the  proper 
amount  of  flexibility  in  operating  and  switching  condi- 
tions. Then  again,  the  geographical  layout  may  be  such 
as  to  render  this  the  only  feasible  scheme,  as  for  ex- 
ample in  a  city  located  at  the  juction  of  two  rivers, 
with  a  power  station  on  each  river,  and  tie  lines  between 
the  two  stations.  These  cables  may  run  through  the 
city,  and  a  great  amount  of  local  distribution  may  be 
necessary,  say,  at  the  center  of  the  city.  Obviously, 
then,  supplying  this  central  substation  from  these  tie 
lines  is  highly  desirable,  so  far  as  flexibility  of  switch- 
ing and  continuity  of  service  are  concerned. 

In  the  following  discussion  all  current  values  are 
root  mean  square  values.  An  oil  circuit  breaker  will 
hardly  open  in  less  than  0.3  of  a  second,  and  it  is  as- 
sumed that,  by  that  time,  all  dissymmetry  in  the  short- 
circuit  will  have  disappeared.  The  values  given  are 
therefore  on  the  basis  of  symmetrical  short-circuits. 
Further,  on  account  of  the  great  amount  of  reactance 
present  in  the  generators,  cables  etc.,  the  generators  will 
be  considered  capable  of  maintaining  full  bus  voltage  at 
the  substation,  even  in  case  of  a  bus  short-circuit.  This 
means  that  there  will  be  practically  no  diminution  of 
current  by  the  time  a  circuit  breaker  opens.  It  will 
therefore  have  to  rupture  maximum  instantaneous  cur- 
rent for  symmetrical  short-circuits.  In  these  calcula- 
tions only  the  reactance  of  the  generators,  cables,  etc. 
will  be  considered,  no  attention  being  paid  to  resistance 
or  capacitance.  The  results  are  given  to  the  nearest 
thousand  k.v.a.  as,  in  the  values  of  the  size  obtained 
here,  a  difference  of  a  few  hundred  k.v.a.  more  or  less 
would  not  be  noticed. 

For  a  typical  example  of  such  an  installation,  as- 
sume a  system  as  shown  in  Fig.  i.  Station  A  has  six 
25  000  k.v.a.,  13  200  volt  generators,  each  having  an  in- 
herent reactance  of  eight  percent.  The  bus  is  divided 
into  three  sections,  with  a  bus  sectionalizing  reactance 
of  eight  percent  at  50  000  k.v.a.  between  sections.  Sta- 
tion B  has  one  35  000  k.v.a.  generator  of  10.5  percent 


reactance,  four  30000  k.v.a.  generators  of  12  percent 
reactance  and  one  25  000  k.v.a.  generator  of  15  percent 
reactance,  all  at  13  200  volts.  A  reactance  (nine  per- 
cent at  50000  k.v.a.)  sectionalizes  the  bus,  as  shown. 

Between  stations  A  and  B  (50000  ft.)  consider  six 
tie  lines,  each  consisting  of  a  500000  circ.  mil,  three 
conductor,  lead-covered  cable,  having  a  reactance  of 
0.15  percent  per  1000  ft.  at  8000  k.v.a.  (approximately 
350  amperes  at  13200  volts).  The  distance  from  sta- 
tion A  to  substation  X  is  taken  as  30  000  feet  and  this 
gives  a  cable  reactance  of  4.5  percent.  Station  B  is 
20000  feet  from  substation  X  giving  a  cable  reactance 
of  three  percent.  At  each  station  there  will  be  in  each 
feeder  a  reactance  of  2.5  percent  at  8000  k.v.a.     The 


FIG.    I — (scheme  I)    SINGLE  LINE  DIAGRAM   OF   1 3  200  VOLT   SYSTEM 

total  reactance  then,  of  each  circuit  from  station  A  to 
substation  X  will  be  seven  percent  at  8000  k.v.a. ;  while 
that  from  station  B  to  substation  X  will  be  5.5  percent 
at  8000  k.v.a. 

For  facility  of  comparison,  each  station  is  brought 
to  the  basis  of  100  000  k.v.a.  with  its  equivalent  react- 
ance. For  instance,  a  25  000  k.v.a.  machine  with  ten 
percent  reactance  will,  at  time  of  short-circuit,  develop 
250  000  k.v.a. ;  a  50  000  k.v.a.  generator  with  20  percent 
reactance  would  develop  the  same  amount;  and  a 
100  000  k.v.a.  machine  (if  such  a  machine  were  pos- 
sible) with  40  percent  reactance,  would  give  the  same 
results.  Therefore,  a  25  000  k.v.a.  generator  with  ten 
percent  reactance,  so  far  as  short-circuits  are  con- 
cerned, is  the  equivalent  of  100  000  k.v.a.  at  40  percent 
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reactance.  Now,  if  all  machines  are  brought  to  the 
same  basis  they  can  be  compared  much  more  rapidly. 
However,  instead  of  treating  the  machines  as  separate 
units,  it  is  desirable  to  get  the  equivalent  reactance  of 
each  station  in  terms  of  looooo  k.v.a. 

At  station  A,  generators  i  and  2  would  give  50  000 
k.v.a.  at  eight  percent  reactance  on  short-circuit.  Any 
power  going  from  the  right  hand  section  to  the  middle 
section  must  necessarily  pass  through  the  bus  section- 
alizing  reactance  (eight  percent  at  50000  k.v.a.)  so  this 
reactance  must  be  added  to  that  of  the  generators.  The 
power  that  generators  i  and  2  will  supply  to  the  middle 
section  through  the  bus  reactance  will  therefore  be 
50000  k.v.a.  at  16  percent  reactance.  Machines  5  and 
4  will  contribute  50  000  k.v.a.  at  eight  percent  react- 


Feeder  Reactance 


FIG.   2 — (scheme    I)     WITH    NO    RE.^CTANCE    AT    THE    SUB-STATION 

THE  SHORT-CIRCUIT  CAP.VCITY  EQUALS  THE  SUM   OF  THE 

CAPACITIES   OF  THE  TWO   STATIONS 

ance,  and  generators  5  and  6  on  the  left  hand  section 
will  give  the  same  amount  over  the  bus  reactance  as  i 
and  2.  The  total  power  on  the  middle  section  will  be  that 
from  generators  /  and  2  through  the  bus  reactance  or 
50000  k.v.a.  at  16  percent  reactance  (which  equals 
25000  k.v.a.  at  8  percent)  plus  that  from  generators  5 
and  4  direct,  which  equals  50000  k.v.a.  at  8  percent  re- 
actance, plus  that  from  generators  5  and  6  through  the 
bus  reactance  (50000  k.v.a.  at  16  percent  react- 
ance or  25000  k.v.a.  at  8  percent).  The  total  equals 
100  000  k.v.a.  at  8  percent  reactance.  Therefore  the 
equivalent  power  on  the  middle  section  of  station  A 
bus  is  100  000  k.v.a.  at  eight  percent  reactance. 

At  station  B  the  machines  must  be  put  on  a  com- 
mon basis,  so  far  as  reactance  is  concerned,  before  their 
capacities  can  be  added.  The  figures  may  be  taken  as 
12  percent  for  the  left  section  and  15  percent  for  the 

TABLE    I— CURRENT    VALUES    OF   A    SHORT-CIRCUIT    ON    13  200 
VOLT   BUS  AT  T 


Tic  Lines  on  Bus 

Total 

Amperes 

from 
Station  A 

Amperes 

from 
Station  B 

K.V.A. 

Amperes 

232  000 
418  000 
573  000 
700  000 
815  000 
910  000 

10  200 
18  400 
25  000 
30  700 
35  700 
40  000 

4  630 

8  500 
11  700 
14  600 
17  200 
19  500 

J 

5  570 
9  900 
13  300 
16  100 
18  500 
20  500 

6    

right.  Any  value  could  be  used,  just  so  all  machines 
are  brought  to  the  same  basis.  The  power  on  the  left 
section  will  be  that  from  one  35  000  k.v.a.  generator  at 


tion  would  have  to  go  through  the  bus  reactance  (nine 
percent  at  50000  k.v.a.  or  18  percent  at  100 000  k.v.a.). 
Then  the  total  power  from  the  left  hand  section  through 
the  reactance  equals  100  000  k.v.a.  at  30  percent  react- 
ance (which  equals  50000  k.v.a.  at  15  percent).  The 
power  on  the  right  hand  section  will  be  that  from  one 
25  000  k.v.a.  generator  at  15  percent  reactance,  plus 
two  30000  k.v.a.  generators  at  12  percent  reactance 
(which   equals   75000   k.v.a.   at   15   percent)    giving  a 


r 


I  11,1  II 


FIG.    3 — (scheme   II)    SINGLE  LINE  DIAGRAM   OF  SYSTEM   WITH 
BUS    REACTANCE 

total  of  100  000  k.v.a.  at  15  percent.  Then  the  total 
power  on  the  right  section  will  be  that  from  generators 
4,  5  and  6  through  the  reactance  (50000  k.v.a.  at  15 
percent)  plus  that  from  generators  i,  2  and  j  direct 
(100  000  k.v.a.  at  15  percent  reactance)  giving  a  total 
of  150000  k.v.a.  at  15  percent  reactance,  equivalent  to 
100  000  k.v.a.  at  10  percent  reactance.  Therefore  the 
equivalent  power  on  the  right  section  of  station  B  bus 
equals  100  000  k.v.a.  at  ten  percent  reactance. 


4 — (SCHE.ME    II)     SHOKT-CIRCIUT    CAPACITIES    WITH    A    REACT- 
ANCr.    IN    THE   SUBSTATION    BUS 

It  is  at  once  evident  that  the  bus  reactances  have 


10.5  percent  reactance    (which  equals  40000  k.v.a.  at  been  assumed  of  such  value  as  to  make  the  equivalent 

12  percent)  plus  that  from  two  30000  k.v.a.  generators  power  of  each  station  come  out  in  even  figures   (eight 

at  12  percent  reactance,  giving  a  total  of  100  000  k.v.a.  percent    reactance   for   station   ./   and   ten   percent   for 

at  12  percent  reactance.     The  power  from  the  left  sec-  B). 
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SHORT-CIRCUIT    AT  SUBSTATION'    X   WITH    NO    REACTANCE 
AT   SUBSTATION 

Consider  fust  the  conditions  existing  at  substation 
A'  with  connections  as  indicated  on  Fig.  i,  with  no  re- 
actance at  the  substation.  With  only  one  tie  line  (say 
No.  /)  on  the  bus,  the  power  concentrated  on  the  bus  in 
case  of  a  short-circuit  would  be  232  000  k.v.a.,  or  10  200 
amperes  at  13  200  volts.  Of  this  amount  station  A 
contributes  105000  k.v.a.  (4630  amperes)  and  station 
B,  127000  k.v.a.   (5570  amperes). 

TABLE   II — VALUES   OP   A    SHORT-CIRCDIT   AT   Y   WITH   A   BUS 
REACTANCE   OF  2.5  PERCENT  AT   16  000  K.V.A. 


Tie  Lines  on  Bus 

Total 

Lines 
Direct, 
Amperes 

Lmes 

through 

Bus 

Reactance 

Amperes , 

K.V.A. 

Amperes 

1    and    4    400  000 

1.   2  and  4,   5    .  .        673  000 
1,  2,  3  and  4,  5,  6          874  000 

17  600 
29  500 
38  300 

10  200      1           7  400 
18  400      1        11  100 
25  000      1        13  300 

The  method  of  deriving  these  values  involves  only 
plain  arithmetic,  and  is  as  follows:  A  feeder  circuit  of 
8ooo  k.v.a.  with  its  total  reactance  is  brought  to  the 
basis  of  looooo  k.v.a.  with  its  equivalent  reactance,  and 
this  resultant  reactance  is  added  to  that  of  the  generat- 
ing Station  bus.  Thus  8000  k.v.a.  at  seven  percent  re- 
actance (station  A  to  substation  X)  is  equivalent  to 
100  000  k.v.a.  at  87.5  percent  reactance.  The  power 
from  station  A  to  substation  A'  would  then  equal  the 
power  on  station  A  bus,  or  100  000  k.v.a.  at  eight  per- 
cent reactance,  modified  by  the  reactance  of  one  feeder 
of  8000  k.v.a.  at  eight  percent  reactance  or  100  000 
k.v.a.  at  87.5  percent  reactance.  Then  the  total  power 
from  station  A  to  substation  A'  would  equal  100  000 
k.v.a.  at  95.5  percent  reactance. 

In  like  manner  the  power  from  station  B  to  substa- 
tion X  can  be  calculated,  using  5.5  percent  as  the  react- 
ance of  the  circuit,  and  lOO  000  k.v.a.  at  ten  percent  re- 
actance as  the  power  on  stations  B  bus.  This  gives  the 
power  from  station  B  to  substation  A'  as  100  000  k.v.a. 
at  78.75  percent  reactance. 

Then  the  total  power  on  the  substation  bus  equals 
that  from  station  A  (100  000  k.v.a.  at  95.5  percent  re- 
actance or  82500  k.v.a.   at   78.75   percent),  plus   Ihat 

TABLE   III — VALUES   OF   A    SHoRT-CIRCUIT  AT   Y  WITH  A   BUS 
REACTANCE  OF  2 . 5  PER  CENT  AT  8000  K.V.A. 


Tie  Lines  on  Bus 

Total 

Lines 
Direct, 
Amperes 

Lines 

through 

Bus 

Reactance. 

Amperes 

K.V.A. 

Amperes 

1  and  4    

1,  2  and  4,   5    .  . 
1,  2,  3  and  4,  5,  6 

366  000 
600  000 
775  000 

16  000 
26  400 
34  000 

10  200 
18  400 
25  000 

5  800 

8  000 

9  000 

from  station  B  (looooo  k.v.a.  at  78.75  percent  react- 
ance), giving  a  total  of  182500  k.v.a.  at  78.75  percent 
reactance,  or  100  000  k.v.a.  at  43.2  percent  reactance. 
100  000  k.v.a.  at  43.2  percent  reactance  will  permit  the 
flow  of  232000  k.v.a.  into  a  short-circuit  which  would 
give  10  200  amperes  at  13  200  volts. 

With  two  tie  lines  on  the  substation  bus,  the  power 
on  the  bus  would  be  418000  k.v.a.  (equivalent  to 
18400  amperes,  at  13200  volts)  station  A  supplying 
193  000  k.v.a.    (8500  amperes)   and  station  B  225  000 


k.v.a.  (9900  amperes).  The  calculations  for  this  would 
be  just  as  described  for  one  tie  line,  except  that  the 
feeder  capacity  from  station  A  would  be  16000  k.v.a. 
at  seven  percent  reactance ;  and  from  station  B,  16  000 
k.v.a.  at  5.5  percent  reactance.  The  same  line  of  rea- 
soning applies  for  any  number  of  feeders.  Fig.  2  shows 
diagrammatically  the  values  for  six  feeders,  and  lable 
1  gives  the  results  for  one  to  six  tie  lines. 

REACTANCE  IN   SUBSTATION    BUS 

As  a  means  of  reducing  the  values  in  Table  I  a  re- 
actance can  be  placed  in  the  substation  bus,  as  shown 
in  Fig.  3.  This  scheme  will  be  referred  to  as  scheme 
//,  the  one  shown  on  Fig.  i  being  scheme  /.  In  this 
case  two  tie  lines  will  be  considered  at  a  time,  one  in 
each  section  of  bus. 

With  a  bus  reactance  of  2.5  percent  at  16000  k.v.a. 
and  two  tie  lines  operating  (j  and  4),  a  short-circuit  on 
the  bus  at  }'  would  develop  400000  k.v.a.  giving  17600 


FIG.    5 — (scheme    III)     SINGLE    LINE    DIAGRAM    OF    SYSTEM     WITH 
RE..\CTANCE  BETWEEN   BUS   AND  TIE  LINES 

amperes.  Of  this  amount  line  i  would  send  through 
the  bus  reactance  100  000  k.v.a.  at  58.8  percent  react- 
ance (=  74000  k.v.a.  at  43.2  percent  reactance),  line 
7  supplying  100  000  k.v.a.  at  43.2  percent  reactance. 
This  gives  a  total  of  174000  k.v.a.  at  43.2  percent  re- 
actance (100  000  k.v.a.  at  25  percent  reactance)  which, 
in  a  short-circuit,  would  allow  400000  k.v.a.  as  given 
above.  Line  /  would  supply  to  the  right  section  of  the 
bus  100  000  k.v.a.  at  43.2  percent  reactance.  The  bus 
reactance  ( 16  000  k.v.a.  at  2.5  percent  or  100  000  k.v.a. 
at  15.6  percent  reactance)  added  to  this  would  give 
100  000  k.v.a.  at  58.8  percent  reactance  as  the  amount 
of  power  supplied  to  the  left  section  of  the  bus  by  line 
/.  Table  II  shows  the  results  obtained  with  two,  four 
and  six  lines. 

An  inspection  of  Table  II  shows  that  with  two  tie 
lines  on  the  bus  the  short-circuit  current   (17600  am- 
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peres)  is  not  much  less  than  for  two  lines  with  no  re- 
actance in  the  bus  ( i8  400  amperes)  as  given  in  Table  I. 
Results  with  four  and  six  lines  follow  this  ratio  very 
closely,  showing  that  little  is  accomplished  by  using  a 
reactance  of  2.5  percent  at  16000  k.v.a.  In  other 
words,  using  this  reactance  would  mean  an  extra  cost 
of  bus  structure  to  accommodate  it,  plus  the  cost  of  the 
reactors  themselves,  and  this  extra  cost,  extra  floor 
space  etc.  produces  a  reduction  in  short-circuit  current 
of  only  about  4.5  percent.  Obviously  then,  this  size  re- 
actance cannot  be  considered  seriously. 

If  the  reactance  just  considered  is  doubled,  making 
it  2.5  percent  at  8000  k.v.a.  (5  percent  at  16000  k.v.a.) 
conditions  would  be  only  slightly  improved  over  those 
shown  in  Table  II  as  will  be  seen  from  Table  III.  Fig. 
4  shows  in  a  schematic  way  the  power  from  six  lines. 

From  Tables  II  and  III  it  is  apparent  that  a  react- 
ance in  the  bus  does  not  reduce  the  short-circuit  values 
enough  to  justify  the  expense  incurred.  The  lines  di- 
rectly connected  to  the  bus  will  always  supply  their  full 
current  regardless  of  this  reactance,  and  it  is  this  fact 
that  keeps  these  currents  so  high.     The  other  lines  must 
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100000  K-  V    A.   at    16,23  Reactance 


FIG.   6 — (scheme    III)      SHORT-CIRCUIT    CAPACITIES     WITH     REACT- 
ANCES BETWEEN   THE   SUBSTATION   BUSSES   AND   THE  TIE  LINES 

supply  their  current  through  the  bus  reactance,  but  this 
reactance  is  rather  small  when  compared  with  the  total 
reactance  in  the  cables,  reactors,  and  generators — a  re- 
actance of  2.5  percent  at  Sooo  k.v.a.  would  still  allow 
the  passage  of  9000  amperes  with  six  lines.  Thus,  with 
six  lines  operating,  the  three  lines  directly  connected 
to  the  bus  would  be  supplying  25  000  amperes,  so  that  a 
few  thousand  amperes  through  the  reactance,  added  to 
this,  make  a  sum  well  approaching  the  limits  obtaining 
when  no  reactance  is  used.  In  view  of  these  figures, 
scheme  //,  even  with  a  reactance  of  2.5  percent  at  Sooo 
k.v.a.  is  hardly  worth  considering  as  a  current  limiting 
scheme. 

It  would  be  possible  to  cut  down  this  current  very 
considerably  by  having  the  substation  bus  in  three  sec- 
tions, with  two  tie  lines  per  section  and  bus  reactances 
between  sections,  similar  to  the  arrangement  indicated 
for  station  A.  This,  however,  would  make  a  rather  ela- 
borate layout  for  a  substation,  and  would  hardly  be  con- 
sidered for  such  work. 

REACTANCE  BETWEEN  TIE  LINE  AND  BUS 

As  a  further  means  of  reducing  short-circuit  cur- 
rents, reactances  may  be  inserted  between  the  tie  lines 
and  the  bus,  as  indicated  on  Fig.  5  (scheme  ///).  With 


this  arrangement,  using  a  reactance  of  2.5  percent  at 
16000  k.v.a.  and  one  tie  line  on  the  bus,  a  short-circuit 
on  the  bus  would  develop  170000  k.v.a.  =  7400  am- 
peres. This  is  obtained  as  follows.  The  capacity  of 
one  tie  line  to  the  substation  equals  looooo  k.v.a.  at 
43.2  percent  reactance.  The  reactance  between  the  tie 
line  and  the  bus,  equals  16000  k.v.a.  at  2.5  percent 
(100 000  k.v.a.  at  15.2  percent).  The  total  capacitv  at 
the  bus  then  equals  100  000  k.v.a.  at  58.8  percent  re- 
actance, which  would  allow  a  short-circuit  value  of 
170000  k.v.a.  or  7400  amperes. 

This  current  is  the  same  as  that  sent  through  the 
bus  reactance  (16000  k.v.a.  at  2.5  percent  reactance) 
by  one  tie  line  under  scheme  //.  as  shown  in  Table  I, 
last  column.  Table  IV  gives  the  results  obtained  with 
from  one  to  six  tie  lines  on  bus. 

If  in  the  scheme  just  outlined  the  reactance  is  in- 
creased, making  it  2.5  percent  at  8000  k.v.a.  instead  of 
2.5  percent  at  16000  kv.a.,  a  further  reduction  is  ob- 

TABLE  IV — REACTANCE  (2.5  PER  CENT  AT  16  000  K.V.A.) 
BETWEEN  TIE  LINE  AND  BUS 


Tie  Lines  on  Bus 

K.V.A. 

Amperes 

Equivalent  Power  on  Bus 

K.V.A.      1     Percent 
1  Reactance 

1    

170  000 
315  000 
440  000 
552  000 
650  000 
735  000 

7  400 
13  800 
19  300 
24  200 
28  500 
32  200 

1 
100  000      1         58.8 
100  000      1         31.7 
100  000      1         22.7 
100  000      1          18.15 
100  000      1         15.43 
100  000     1         13.6 

2    

3    

5    

6      

-REACTANCE  (2.5  PERCENT  AT  8000  K.V.A.) 
BETWEEN  TIE  LINE  AND  BUS 


Tie  Lines  on  Bus 

K.V.A. 

Amperes 

Equivalent  Power  on  Bus 

K.V.A. 

Percent 
Reactance 

134  000 
253  000 

346  000 
453  000 
540  000 
618  000 

5  800 
11  500 
15  200 
19  600 
23  700 
27  000 

100  000      1         74.45 
100  000      1         39.5 
100  000      1         28.9 
100  000      1         22.05 
100  000               18.55 

2    

5    

6    

tained,  as  shown  in  Table  V.  Fig.  6  shows  diagram- 
matically  the  results  using  six  tie  lines,  with  a  reactance 
of  2.5  percent  at  8000  k.v.a. 

DISCUSSION    OF  THE   VARIOUS   SCHEMES 

Although  many  systems  may  have  six  tie  lines  be- 
tween generating  stations,  very  few  substations  will  be 
found  in  actual  practice  that  require  as  much  as  the 
six  lines  could  deliver.  This  being  the  case,  an  oper- 
ating company,  although  bringing  the  six  lines  into  the 
substation,  would  hardly  connect  more  than  four  to  the 
bus  at  one  time.  During  switching  operations  all  six 
lines  might  be  on  the  bus,  but  this  condition  would  last 
for  only  a  few  minutes.  This  arrangement  would  give 
all  the  flexibility  of  six  lines,  and  by  limiting  the  num- 
ber on  the  bus  at  one  time  to  four,  the  short-circuit  cur- 
rents to  be  handled  would  be  reduced  approximately  30 
percent.  Actual  operating  conditions  will  then  be  more 
nearly  approximated  by  assuming  a  total  of  four  lines 
on  the  bus. 

The  short-circuit  values  given  are  for  bus  short- 
circuits,  but  none  of  the  tie  line  circuit  breakers  would 
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have  to  rupture  all  of  this  current.  If  a  short-circuit 
occurs  on  an  outgoing  13  200  volt  feeder,  say  at  the 
beginning  of  the  cable,  this  would  be  essentially  the 
same  as  a  bus  short-circuit  and  the  feeder  circuit 
breaker  would  have  to  rupture  the  total  amount  shown. 
In  case  of  trouble  on  one  of  the  tie  lines  the  circuit 
breaker  on  the  damaged  line  would  have  to  rupture  all 
the  current  that  the  remaining  good  lines  could  supply 
into  the  fault. 

In  an  earlier  paragraph,  it  was  assumed  that  by  the 
time  a  circuit  breaker  could  open,  all  dissymmetry  in  the 
short-circuit  would  have  disappeared,  and  values  were 
accordingly  given  for  symmetrical  short-circuits.  This 
is  probably  satisfactory,  so  far  as  the  circuit  breakers 
are  concerned,  but  this  assumption  does  not  necessarily 
hold  for  the  stresses  on  the  bus  supports,  etc.  In  order 
then  to  be  on  the  safe  side  these  stresses  should  be  cal- 
culated as  coming  from  unsymmetrical  short-circuits, 
when  the  current  will  be  just  double  (1.8  would  prob- 
ably be  more  nearly  correct)  the  amounts  shown  in  the 
tables.  In  figuring  tliese  stresses  it  is  assumed  that  the 
distance  between  the  centers  of  busses,  with  the  three 

TABLE  VI — COMPARISON  OF  SCHEMES 


Scheme  I 

Scheme  II 

Scheme  III 

K.V.A. 

Amps. 

K.V.A. 

Amps. 

K.V.A. 

Amps. 

Short-circuit  on  bus    . . 
Short-circuit  on  tie  line 

700  000 
573  000 

30  700 
25  000 

600  000 
410  000 

26  300 
18  200 

453  000 
166  000 

19  600 
7  300 

*Force  on  bus  support. 

668   lbs. 

483  lbs. 

288  lbs. 

busses  in  a  plane  is  18  inches  and  that  the  distance  be- 
tween the  bus  supports  is  four  feet.     Then  the  force  per 
foot  of  bus  will  be  obtained  from  the  formula* 
8.o8l3=  X  10 

-^ 

where  h  ^^  the  three-phase  short-circuit  current  and  S  —  the 
distance  between  centers  of  busses  in  inches. 

Then  with  the  arrangement  indicated  in  Fig.  i  (scheme 

/)  with  no  reactance  at  the  substation,  and  four  lines  on 

the  bus,  a  short-circuit  gives  (Table  I)  700000  k.v.a.  = 

30  700  amperes.    Doubling  this  amount  to  allow  for  the 

■maximum    effect  of  unsymmetrical  short-circuits,    the 

force  per  foot  length  on  the  bus  would  be 

6/000-  X  S.oS  X  /o"' 
F  =  5 =  767  tbs.  per  foot. 

With  supports  four  feet  apart,  the  force  on  each 
support  would  be  668  lbs.  In  case  of  a  short-circuit 
on  one  of  the  incoming  lines,  its  circuit  breaker  would 
have  to  rupture  the  current  supplied  to  the  fault  by  the 
three  good  lines,  573  000  k.v.a.,  giving  25  000  amperes 
(see  Table  I). 

When  using  scheme  //  (Fig.  3)  with  four  lines  on 
the  bus,  and  a  bus  reactance  of  2.5  percent  at  8000 
k.v.a.  a  short  circuit  will  develop  (Table  III)  600000 
k.v.a.  =  26  300  amperes,  and  the  force  on  each  bus 
support  will  equal  488  lbs. 


*See  article  on  "Repulsion  between  Bus-Bars",  by  S.  G. 
Leonard  and  Chas.  R.  Riker  in  the  Journal  for  Dec.  191 7, 
p.  491,  and  paper  by  I.  W.  Gross  in  Proc.  A.I.E.E.,  Vol. 
XXXIV,  p.  23  (Jan.  1915)- 


In  the  event  of  a  short-circuit  on  the  tie  line  at  Z 
its  circuit  breaker  must  rupture  410  000  k.v.a.  =  18  200 
amperes.  Of  this  amount,  the  line  directly  connected 
to  the  bus  (say  No.  5)  would  supply  10200  amperes. 
(See  Table  I  for  one  line)  and  lines  i  and  2,  (100  000 
k.v.a.  at  55.15  percent  reactance)  would  supply  181  000 
k.v.a.  =  8000  amperes. 

Again  using  scheme  ///  (Fig.  5),  with  the  react- 
ance the  same  as  above  for  scheme  //  (2.5  percent  at 
8000  k.v.a.)  and  four  lines  on  the  bus,  a  bus  short-cir- 
cuit gives  453  000  k.v.a.  =  19  600  amperes  and  the 
force  on  each  bus  support  will  equal  288  lbs. 

If  a  short-circuit  occurs  on  a  tie  line  at  Z  its  circuit 
breaker  will  be  called  upon  to  open  166000  k.v.a.  or 
7300  amperes.  The  reason  for  this  low  value  is  that 
the  power  from  the  other  three  lines  must  pass,  not 
only  through  their  own  individual  reactances,  but  after 
they  are  in  parallel  on  the  bus,  through  the  reactance  of 
the  damaged  line  as  well.  The  fact  that  the  duty  on 
these  circuit  breakers  can  be  reduced  from  25  000  am- 
peres, (scheme  /)  to  7300  amperes  by  using  scheme  /// 
would,  in  itself,  make  scheme  ///  worthy  of  serious  con- 
sideration. 

Table  VI  shows  the  comparative  results  for  the 
three  schemes.  In  each  case  four  lines  are  considered, 
and  a  reactance  of  2.5  percent  at  8000  k.v.a.  is  used  in 
schemes  //  and  ///.  This  table  shows  that  the  use  of 
scheme  ///  reduces  the  bus  short-circuit  from  30  700 
amperes  (scheme  /),  or  26300  amperes,  (scheme  //), 
to  19  600  amperes — a  reduction  of  practically  40  per- 
cent over  scheme  /.  The  duty  on  an  incoming  line  cir- 
cuit breaker  in  case  of  a  short-circuit  on  a  tie  line  will 
be  cut  down  from  25000  amperes  (scheme  /) ;  or 
18200  amperes,  (scheme  //),  to  7300  amperes — a  re- 
duction of  70  percent  over  scheme  /.  Likewise  the 
force  on  each  bus  support  would  shrink  from  668  lbs. 
(Scheme  /),  or  488  lbs.  (scheme  //),  to  288  lbs.— 
about  44  percent  as  much  as  under  scheme  /. 

Reducing  the  rupturing  duty  on  the  oil  circuit 
breakers  40  percent  means  that  a  circuit  breaker  of 
lower  rating  can  be  used.  Naturally  this  circuit 
breaker  would  be  smaller,  resulting  in  a  lower  cost,  and 
would  allow  a  less  expensive  type  of  13200  volt  bus 
structure,  one  that  takes  up  less  floor  space,  has  less 
height,  and  uses  smaller  bus  supports.  Obviously,  tlien, 
real  good  can  be  accomplished  by  this  means. 

Scheme  //  has  two  advantages  over  scheme  ///, 
better  voltage  regulation  on  the  bus,  and  lower  cost  of 
the  reactances.  With  scheme  //,  assuming  that  the 
load  on  the  two  bus  sections  is  the  same,  the  bus  react- 
ance will  have  no  effect  on  the  voltage  regulation,  as 
there  will  be  no  current  over  this  reactance.  Also, 
scheme  //  requires  only  one  set  of  reactance  coils,  while 
scheme  ///  would  require  six  sets.  It  is  felt,  how- 
ever, that  the  advantages  gained  by  use  of  scheme  /// 
will  more  than  offset  its  disadvantages  and  scheme  /// 
certainly  seems  the  most  feasible  of  the  various  plans 
discussed  under  the  conditions  assumed. 
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IN  SERVICE,  transformers  are  subject  to  a  number 
of  operating  conditions  which  are  serious  in  that 
at  times  they  interrupt  the  continuity  of  service. 
Ey  obsei-\'ing  the  proper  precautions,  some  of  these 
troubles  may  be  entirely  eliminated  and  others  may  be 
minimized.  A  detailed  study  of  some  of  these  diffi- 
culties is  important  in  suggesting  improvements  in 
manufacture,  and  to  indicate  when  a  change  in  the  op- 
erating condition  is  desirable. 

OVERLOAD 

For  distributing  transformers  the  conditions  of  ser- 
vice are  such  that  failures  from  overload  are  likely  to 
occur.  Since  the  maximum  load  exists  for  only  a  few 
hours  daily,  the  tendency  is  to  increase  the  maximum 
value  of  the  load  beyond  safe  limits,  the  transformers 
either  being  unprotected  or  being  fused  so  that  a  heavy 
overload  is  permitted.  A  transformer  bum-out  often 
obliterates  the  evidence  of  the  cause,  and  erroneous  con- 
clusions are  difficult  to  avoid.  However,  in  case  of 
failure  from  overload,  the  windings  are  usually  reduced 
to  a  mass  of  copper  wire  and  charred  insulation. 

About  eighty  percent  of  the  distributing  transform- 
ers which  burn  out  are  below  7.5  k.v.a.  in  capacity,  and 
of  these  about  sixty-five  percent  fail  from  overload, 
twenty  percent  from  water  penetrating  the  windings  and 
fifteen  percent  from  short-circuits  due  to  ligh'tning  and 
other  causes. 

SHORT-CIRCUITS  AND  GROUNDS 

.Short-circuits  and  grounds  are  usually  due  to 
lightning  surges,  to  the  presence  of  water  in  the  trans- 
former, to  the  wires  working  against  each  other  when 
the  windings  e.xpand  and  contract  under  varying  con- 
ditions of  load,  or  to  the  mechanical  shocks  to  which  tlie 
windings  are  subjected  by  short-circuits  on  the  line.  A 
short-circuit  in  service,  say  in  the  high-voltage  winding, 
causes  a  large  current  to  flow  in  the  short-circuiled 
part,  which  acts  as  a  secondary  carrying  a  large  current, 
and  draws  an  abnormally  large  current  through  the  le- 
mainder  of  the  primary  winding.  Thus  the  short-cir- 
cuit starting  in  the  primary  winding  may  or  may  not 
spread  through  the  entire  coil,  depending  on  the  way  the 
transformer  is  protected  with  fuses.  The  primary 
winding  may  be  practically  destroyed  and  the  secondary 
coils  remain  in  fairly  good  condition,  and  for  this  rea- 
son it  usually  is  possible  to  distinguish  between  a  short- 
circuit  starting  in  the  primary  winding  and  a  general 
roasting  by  overload.  If  the  short-circuit  starts  in  the 
secondary  winding,  the  trouble  is  more  likely  to  be 
localized  in  that  part,  as  the  immediate  results  of  the 
short-circuit  are  more  violent;  and  the  primary  coils 
may  not  be  injuriously  heated,  depending  on  the  com- 
pleteness of  the  fuse  protection.     With  a  transformer 


of  fairly  large  size  the  short-circuit  is  usually  localized, 
and  the  transformer  is  cut  out  by  the  protecting  device 
before  the  trouble  has  extended  throughout  the  wind- 
ings. 

Before  they  are  installed,  transformers  are  some- 
times stored  in  damp  places,  where  they  collect  suffi- 
cient moisture  inside  of  the  cases  to  become  visible,  and 
bright  metal  parts  like  the  heads  of  screws  may  become 
rusty.  Water  also  gets  into  transformers  by  the  so- 
called  breathing  action,  which  continually  takes  place 
v.ith  changes  in  load,  particularly  in  damp  localities,  or 
may  be  put  in  with  the  oil.  The  higher  the  voltage  of 
the  transformer  the  greater  is  the  probability  that  a 
given  amount  of  moisture  will  cause  trouble.  However, 
it  is  surprising  how  much  water  a  comparatively  low- 
voltage  transformer  may  accumulate  in  service,  and 
still  continue  to  operate.  It  is  not  uncommon  to  find  a 
considerable  amount  of  water  in  the  bottom  of  a  trans- 
former when  it  is  operating  satisfactorily.  The  heat 
generated  within  the  coil  does  not  permit  the  water  to 
penetrate  to  a  vital  point,  but  if  the  transformer  is  al- 
lowed to  cool  and  then  put  on  the  line  again,  the  wa'er 
may  have  penetrated  sufficiently  to  cause  an  immediate 
failure.  Therefore,  if  a  transformer  is  put  into  service 
and  a  failure  does  not  occur  at  once,  a  later  breakdown 
due  to  moisture  is  not  to  be  expected  unless  the  condi- 
tions become  very  much  worse.  Where  a  short-circuit 
is  started  by  moisture,  the  most  superficial  dielectric 
strength  tests  on  some  of  the  insulating  material  will 
confirm  its  presence.  When  a  transformer  is  suspected 
of  having  absorbed  moisture,  although  it  may  not  be 
actually  visible,  a  comparison  of  its  insulation  resist- 
ance with  that  of  a  dry  transformer  will  indicate  its 
actual  condition.  When  moisture  is  known  to  be  pres- 
ent, the  only  safe  procedure,  particularly  if  the  trans- 
former has  a  relatively  high  voltage,  is  to  dry  it  out 
before  it  is  installed. 

DRYING  OUT  TRANSFORMERS 

Relatively  large  masses  of  insulating  material  are 
used  between  high  and  low-voltage  windings  and  be- 
tween windings  and  iron.  When  moisture  is  present 
throughout  the  transformer,  the  drying  out  process  i? 
slow  because  the  moisture  must  be  drawn  out  through 
this  material.  Transformers  are  usually  dried  by  short- 
circuiting  the  low-voltage  terminals  and  impressing  such 
a  voltage  on  the  high-voltage  leads  as  will  circulate 
sufficient  current  to  heat  the  coils  gradually  to  a  tem- 
peratiu"e  by  thermometer  of  about  eighty-five  degrees  C. 
Ordinarily  currents  less  than  normal  full  load,  depend- 
ing on  the  size  of  the  transformer,  are  required;  for 
example,  with  the  larger  sizes,  say  above  ten  k.v.a.  the 
current  required  will  be  relatively  smaller  than  for  a 
one  k.v.a.  unit,  the  temperature  by  thermometer  being 
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the  guide  to  the  permissible  current.  Usually  the  ap- 
I'lied  voltage  will  be  less  than  three  percent  of  the  nor- 
mal voltage  of  the  winding  to  which  it  is  applied,  as  the 
average  impedance  is  in  the  neighborhood  of  three  per- 
cent. 

When  the  insulation  resistance  measurements  in- 
dicate that  the  insulation  from  the  high-voltage  wind- 
ings to  ground  is  dry,  it  is  fairly  certain  that  the  re- 
maining insulation  in  the  coils  is  also  dry.  A  single  in- 
sulation resistance  measurement  will  not  indicate  de- 
finitely whether  a  transfomier  is  sufficiently  dry.  A 
fairly  reliable  indication  is  given  by  a  series  of  resist- 
ance readings  taken  during  the  drying  run,  plotting  re- 
sistance values  as  ordinates  and  time  as  abscissae. 
Even  then  there  is  no  definite  knowledge  of  the  point  on 
the  curve  where  danger  ends  and  safety  begins.  There 
is  a  rather  wide  range  between  the  minimum  safety 
value  and  the  maximum  value  of  the  insulation  resist- 
ance, but  the  drying  should  be  continued  until  the  curve 
tends  to  become  flat  at  a  considerable  elevation  above 
its  lowest  part.  This  will  require  several  hours  on 
small  units  and  a  longer  time  with  larger  units.  Where 
there  is  much  moisture  present,  the  curve  will  remain 
flat  for  a  considerable  period  before  starting  to  rise, 

After  having  been  soaked  in  oil,  a  transformer  v.'ill 
have  a  lower  insulation  resistance  than  the  same  trans- 
former without  the  oil.  When  oil  is  present,  the  rising 
of  the  curve  when  drying  is  due  to  getting  rid  of  the  oil 
in  the  form  of  vapor  as  well  as  to  the  removal  of  the 
moisture.  When  the  curve  is  carried  to  a  high  point, 
both  the  oil  and  the  moisture  must  be  driven  out,  which 
takes  a  much  longer  time  than  if  the  oil  was  not  pres- 
ent. 

CARE  OF  INSULATING  OIL 

Oil  in  large  quantities  is  generally  shipped  in  tank 
cars,  which  are  usually  lagged  to  prevent  rapid  fluctua- 
tions in  temperature  during  transit.  This  reduces  the 
effect  of  expansion  and  contraction  of  the  oil,  with  its 
resultant  absorption  of  moisture.  Oil  is  also  shipped 
in  steel  barrels  or  drums  with  screw  bungs,  which  are 
sealed  before  shipment.  Such  barrels  should  be 
packed  on  their  sides  with  the  screw  bungs  down.  Small 
quantities  of  oil  are  shipped  in  soldered  cans  which  are 
sealed  before  shipment.  Every  precaution  should  be 
taken  in  the  shipment  of  oil  to  prevent  absorption  of 
moisture. 

In  spite  of  the  precautions  taken  to  make  the  con- 
tainers tight,  oil  in  drums  or  cans  should  not  be  stored  in 
the  weather,  and  oil  drums  should  not  be  stored  on 
end.  Such  a  position  allows  water  to  collect  in  the 
head  around  the  bung,  and  under  such  conditions  even 
the  tightest  tank  will  allow  water  to  enter.  If  possible, 
oil  should  be  stored  in  a  closed  room,  but  if  it  is  neces- 
sary to  store  it  out  doors,  protection  from  the  weather 
should  be  provided.  Cans  or  barrels  should  not  be  un- 
sealed before  the  oil  is  needed,  as  any  change  in  temper- 
ature will  cause  an  exchange  of  air  in  the  receptacle 
with  danger  of  precipitation  of  moisture  into  the  oil. 


During  the  transfer  of  the  oil  from  the  drums  to 
the  apparatus,  care  should  be  taken  to  prevent  any 
moisture  or  dirt  getting  into  either.  A  drum  of  ccld 
oil  when  taken  into  a  warm  room  will  "sweat"  and  the 
resulting  moisture  on  the  outer  surface  may  mix  with 
the  oil  as  it  flows  from  the  drum.  Before  breaking 
the  seal  the  drum  should  therefore  be  allowed  to  stand 
long  enough  to  reach  room  temperature.  All  vessels 
used  for  transferring  the  oil  should  be  inspected  to  see 
that  they  are  dry  and  free  from  dirt.  Foreign  material, 
such  as  scale  from  iron  barrels,  may  become  dislodged 
during  shipment;  or  if  the  apparatus  is  installed,  for 
example,  near  cement  mills,  dust  may  enter  the  oil  and 
reduce  its  dielectric  strength. 

Oil  which  has  not  been  put  through  a  filter  press 
should  be  strained  through  two  or  more  thicknesses 
of  muslin  or  other  closely  woven  cotton  cloth,  which 
has  been  washed  and  dried  to  remove  the  sizing.  The 
straining  cloths  should  be  renewed  as  often  as  neces- 
sai-y,  and  not  less  than  one  set  of  cloths  should  be  used 
for  one  transformer.  Metal  hose  is  preferable  to  rub- 
ber hose  because  the  oil  may  dissolve  the  sulphur  con- 
tained in  the  rubber.  Oil  should  preferably  be  trans- 
ferred from  its  container  to  the  apparatus  in  dry 
weather.  If  it  is  necessary  to  do  this  in  wet  weather, 
the  transfer  should  be  made  indoors  to  prevent  the  pos- 
sible access  of  water.  Before  the  apparatus  is  filled 
the  oil  should  be  sampled  and  tested.  After  the  appar- 
atus is  filled  with  oil,  it  should  immediately  be  covered 
and  then  allowed  to  stand  sufficiently  long  to  allow  the 
oil  to  penetrate  the  apparatus.  It  should  then  be  in- 
spected and  refilled  to  the  proper  oil  level,  if  this  has 
been  appreciably  lowered,  and  the  cover  be  immediately 
tightened  in  position. 

MECHANICAL  STRESSES  ON  SHORT  CIRCUIT 

Due  to  the  low  reactance  of  transformers,  a  short- 
circuit  on  the  secondary  side  would  theoretically  permit 
from  twenty  to  fifty  times  full-load  current  to  circu- 
late through  the  windings,  depending  on  their  imped- 
ance, provided  the  supply  system  has  sufficient  ca- 
pacity. Since  the  mechanical  forces*  on  the  windings, 
set  up  electromagnetically,  vary  as  the  square  of  the  cur- 
rent, the  forces  may  be  sufficient  under  certain  condi- 
tions to  distort  the  windings  and  destroy  the  insulation 
not  only  between  the  conductors  but  also  between  the 
high  and  low-voltage  windings.  To  avoid  failures  of 
this  kind  the  transformers  should  be  thoroughly  pio- 
tected  by  fuses  or  circuit  breakers,  the  windings  be  so 
thoroughly  braced  as  to  withstand  the  shocks  of  short- 
circuit  or  the  impedance  be  made  high  enough  to  limit 
the  current  on  short-circuit  to  safe  values.  Under 
actual  operating  conditions,  transformers  are  seldom  in- 
stalled where  the  regulation  of  the  source  of  supply,  as- 
suming that  no  circuit  breaker  or  fuse  protection  is 
used,  is  such  that  the  extreme  current  values  just  re- 
ferred to  actually  occur.  This  is  particularly  true  re- 
garding distributing  transformers,  where  the  regulation 


♦See   also   an   article   on   "Mechanical    Stresses   in   Trans- 
formers" by  J.  F.  Peters  in  the  Journal  for  Dec.  1915,  p.  555- 
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of  the  distributing  lines  will  greatly  reduce  the  voltage 
impressed  on  the  transformer  under  short-circuit  con- 
ditions. 

The  direction  of  the  forces  between  the  primary 
and  secondary  winding  of  a  concentric  transformer 
winding  is  shown  in  Fig.  i.  The  mechanical  force  be- 
tween these  two  coils  is  due  to  the  leakage  field  be- 
tween them,  which  has  been  discussed  in  section  IV. 
From  equation  (i)  of  section  IV,  the  flux  density  of  the 
leakage  flux  in  the  gap  between  the  coils  in  gausses,  is 
41T  IT 
10    I 

Where  IT  is  the  ampere  turns  in  the  winding  and  / 
is  the  average  length  of  the  leakage  path  in  centimeters. 
Expressing  the  value  of  5  as  a  maximum,  gives. 


„         -4^  IT 


(/) 


Since  the  magnetic  flux  density  in  the  outer  coil  for 
example  is  a  maximum  on  the  edge  adjacent  to  the  gap 
between  the  coils  and  is  zero  at  the  outer  edge,  the  aver- 
age value  of  the  density  in  the  coil  is, 
,_  2ir  ir 

The  force  in  dynes  acting  on  a  conductor  carrying 
current  when  in  a  magnetic  field  is, 

F^ByJ ITU 

10 
Where  /  and  T  have  the  same  values  as  before  and 
/m   is  the  length  of   the  mean   turn  of   the   conductor 
when    wound    into    a    transformer    coil.       Combining 
equations  (2)  and  (3)  gives, 
4^  {ITYlm 


F-- 


(4) 


Assuming  that  I  has  a  sine  wave  form,  then  F  is  a 
sine^  function  and  the  average  force  over  one-half  cycle 
is  one-half  of  equation  (4),  or 

2T  [ITy-U 

J^nvc  =  1 

fOO  I 

Where  /  and  U  may  be  expressed  either  in  inches 
or  centimeters.     Expressing  the  force  in  pounds, 
r.4f    {ITyU 


/\v, 


(5) 


The  force  on  the  inner  coil  is  towards  the  center, 
and  is  therefore  one  of  compression.  The  force  on  the 
outer  coil  is  away  from  the  center  and  is  therefore  one 
of  tension.  If  the  electrical  centers  of  the  primary  and 
secondary  coils  coincide,  there  is  no  force  tending  to 
move  the  coils  in  a  direction  parallel  to  their  axis,  and 
therefore  no  necessity  for  bracing  against  end  thrust. 
If  the  coils  are  rectangular,  the  force  between  coils 
tends  to  force  the  outer  coil  into  a  cylindrical  shape. 


Example — What  is  the  force  in  pounds  between  the  primary 
and  secondary  coils  of  a  100  k.v.a.,  2300  to  230  115  volt,  60 
cycle,  core  type  transformer,  which  has  the  following  con- 
stants? The  coils  on  each  leg  of  the  magnetic  circuit,  are  ar- 
ranged in  a  single  high-low  group. 


/    =  436  amp. 
T  z^  12 

From  equation   (s), — 

7.7/    (7j<5X/-^)-Xji 


/„,  =  33  in. 
I    =z  10  in. 


I2.y  pounds 


Assuming  that  the  transformer  was  not  protected  by  cir- 
cuit breakers  or  fuses,  that  its  impedance  was  five  percent,  and 
that  the  source  of  supply  had  a  perfect  regulation,  the  current 

100 
on  short-circuit  would  be  — r"  or  20  times  normal.     The  force 

between  the  coils  would  be  2d  X  12.7  or  approximately  5100 
pounds.  Actually,  due  to  the  regulation  of  the  source  of  supply 
and  of  the  distributing  lines,  the  current  would  be  something 
like  10  times  normal,  and  the  force  between  the  coils  10"  X 
12.7  or  1270  pounds. 

When  the  electrical   centers  do  not  coincide,  the 

mechanical  force  tending  to  separate  the  primary  and 

secondary  coils  can  be  resolved  into  two  componeiats, 

one  radial  and  the  other  parallel  to  the  axis  of  the  coils. 

Secondaiy  Coil 


FIG.      I — MECHANICAL     STRESSES        FIG.   2 — MECHANICAL  STRESSES 

BETWEEN  PRIMARY  AND  ^Vhcn  the  primar>-  and  sec- 

SECONDARY  ondary  windings  are  displaced 

In  a  concentric  transformer  axially. 
winding. 

It  requires  only  a  slight  shifting  of  these  centers  to 
produce  a  large  force  tending  to  move  the  coils  in  a 
direction  parallel  to  their  axis.  With  the  electrical 
centers  shifted  as  shown  in  Fig.  2,  the  total  force  will 
be  as  shown  by  equation  (5),  but  will  be  distributed  as 
follows : — 


(6) 


The  radial  force  =  F.ve  cos  6  ) 

The  end  thrust  =  Fave  sin  6      ) 

Example — Suppose  that  in  the  preceeding  example  that  the 
electrical  centers  of  the  coils  had  become  displaced  in  an  axial 
direction  a  distance  of  0.5   inch,  and  that  the  radial  distance 
between  the  centers  was  2  inches,  then 
cos  S  =  o.p7 
sin  6  r=:  0.24 

The  forces  under  normal  conditions  are : — 

In  the  radial  direction,  12.7  X  0.97  =  12.3  potmds. 

In  the  axial  direction,  12.7  X  0.24  =  3.2  pounds. 

The  forces  under  short  circuit  are : — 

In  the  radial  direction,  1270  X  0.97  =  1230  pounds. 

In  the  a.vial  direction,  1270  X  0.24  =  320  pounds. 


EbcirkaHy-Di'iy^ji  Plaio  Mills 


G.  E.  Stoltz 

General  Steel  Mill  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 


IN  THE  selection  of  apparatus  to  drive  a  plate  mill, 
the  problems  which  directly  concern  the  electrical 
engineer  are  the  size  and  type  of  motor,  control 
and  flywheel.  These  three  factors  must  always  be  con- 
sidered as  a  unit,  as  a  proper  selection  of  any  one  cannot 
be  made  without  a  knowledge  of  the  characteristics  of 
the  other  two.* 

The  most  common  type  of  plate  mill  now  installed 
is  the  Lauth  3-high  mill,  in  which  the  top  and  bottom 
rolls  are  driven  from  the  pinion  housing,  and  the  middle 
roll,  which  acts  as  an  idler,  is  approximately  two-thirds 
the  diameter  of  the  outside  rolls.  The  driving  shaft  is 
connected  to  the  tniddle  pinion,  which  is  also  approxi- 
mately two-thirds  the  diameter  of  the  top  and  bottom 
pinion,  so  that  although  the  speed  of  the  outside  rolls 
is  from  50  to  60  r.p.m.,  the  speed  of  the  driving  shaft 
is  about  80  r.p.m.  Fig.  i  illustrates  the  type  of  mill 
in  which  the  flywheel  and  motor  are  directly  connected 
to  the  mill.  At  times,  a  higher  speed  motor  is  selected, 
which  is  connected  to  the  flywheel  shaft  through  a  set 
of  herringbone  gears  or  to  the  mill  by  means  of  a  rope 
drive.  An  83  r.p.m.  motor  is  rather  objectionable,  par- 
ticularly on  60  cycles,  due  to  its  poor  electrical  per- 
formance and  multiplicity  of  coils,  as  such  a  motor  re- 
quires something  like  800  coils  in  its  primary  winding. 
If  gearing  is  used,  a  standard  motor  can  be  used,  any 
difference  in  speed  desired  being  obtained  by  adopting 
a  suitable  gear  ratio. 

A  plan  view  of  the  same  type  of  mill  is  shown  in 
Fig.  2,  except  that  a  Kennedy  pinion  housing  is  used, 
which  provides  a  gear  ratio  between  the  driving  pinion 
and  the  two  driven  pinions  of  approximately  four  to 
one.  With  this  scheme,  the  motor  and  flywheel  can  be 
operated  at  approximately  200  r.p.m.,  which  makes  it 
possible  to  obtain  the  flywheel  effect  with  a  much 
smaller  wheel  than  with  the  scheme  shown  in  Fig.  i. 
It  also  permits  the  use  of  a  motor  having  better  elec- 
trical performance. 

There  has  recently  been  a  tendency  to  install  tan- 
dem sheared  plate  mills,  thus  breaking  the  slabs  down  in 
one  stand  and  making  the  finishing  passes  in  another. 
There  are  a  number  of  three  high  tandem  mills  now  in- 
stalled in  which  the  methods  of  drive  outlined  in  Fig.  i 
and  Fig.  2  are  used.  A  modification  of  this  scheme  is 
to  use  a  direct-current  reversing  motor  connected  di- 
recdy  to  the  bottom  pinion  of  the  roughing  stand,  in 
which  case  an  Ilgner  set  is  used  to  supply  power  to  the 
reversing  motor.  This  makes  it  possible  to  adjust  the 
speed  of  the  roughing  rolls  carefully  to  suit  the  slab 
being  rolled.  During  the  first  passes,  the  speed  can  be 
kept  low,  so  that  the  slab  is  not  thrown  on  the  tables  in 
such  a  way  as  to  require  manipulation  after  each  pass. 
On  a  three  high  mill,  the  intervals  between  passes  are 
seldom  less  than  three  seconds,  and  more  when  the  piece 


is  manipulated.  On  a  reversing  mill,  the  metal  can  be 
handled  so  that  it  is  always  under  control  and  very 
much  less  manipulation  is  required.  The  intervals  be- 
tween passes  are  often  as  short  as  one  second,  and  as 
the  intervals  form  a  large  percentage  of  the  total  time 
during  the  early  passes,  an  appreciable  saving  in  time 
is  effected.  The  cost  of  the  electrical  equipment  is 
naturally  greater,  but  the  mill  itself  is  simplified  in  that 
it  is  only  two-high,  tilting  tables  are  not  required,  and 
the  cost  of  the  flywheel  is  included  with  the  electrical 
apparatus,  as  it  is  a  part  of  the  Ilgner  set.  The  finish- 
ing stand  is  three-high,  and  is  driven  by  a  constant  speed 
motor;  the  method  of  drive  may  be  similar  to  that 
shown  in  either  Fig.  i  or  2. 

The  majority  of  the  universal  mills  are  two-high  re- 
versing, the  driving  unit  being  connected  directly  to  the 
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*Revised  by  the  author  from  a  paper  before  the  Phila- 
delphia Section  of  the  Association  of  Iron  and  Steel  Electrical 
Engineers. 


Fig.  3 

FIGS.    1,  2  AND  3 — TYPICAL  STEEL  MILL  DRIVES 

bottom  pinion.  The  method  of  drive  is  similar  to  that 
shown  on  the  roughing  stand  of  Fig.  3,  with  the  vertical 
rolls  added. 

NATURE    OF   LOAD 

A  number  of  tests  have  been  made  on  electrically- 
driven  plate  mills  so  that  it  is  possible  to  predict  the 
power  requirements  with  a  fair  degree  of  accuracy. 
These  calculations  should  be  used  as  a  guide  in  selecting 
the  flywheel,  motor  and  type  of  control.  In  Figs.  4,  5) 
and  6,  are  sample  load  curves  which  have  been  de- 
veloped from  actual  tests.  Such  curves  can  be  pre- 
pared from  calculated  results,  but  these  particular  ones 
are  prepared  from  actual  tests,  each  being  made  on  a 
separate  mill.  From  these  curves,  it  will  be  seen  that 
the  power  required  at  the  mill  is  of  a  highly  intermittent 
character,  which  makes  it  important  to  utilize  flywheel 
effect. 
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TYPES  OF  CONTROL 

In  Fig.  4  is  shown  a  load  curve  of  a  mill  driven 
by  a  wound-rotor  induction  motor,  having  a  permanent 
resistance  in  its  secondary  at  all  times.  With  this  type 
of  control,  the  speed  of  the  motor  drops  off  in  direct 
proportion  to  the  load.  In  other  words,  if  the  mill  is 
operating  light,  any  increase  in  load  would  cause  the 
speed  of  the  motor  to  decrease  in  proportion  to  die 
amount  of  external  slip  resistance.  This  scheme  does 
not  utilize  the  flywheel  to  its  best  advantage,  as  the  fly- 
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FIG.   4 — TORQUE   CURVE   OF    INDUCTION    MOTOR    WITH    A    FIXE 
SECONDARY   RESISTANCE 

Torque  based  on  83.3  r.p.m.,  rolling  plate  from  a  slab. 


5 — TORQUE    CURVE    OF    INDUCTION    MOTOR    WITH     NOTCHING-IN 
SECONDARY   RELAYS 

Torque  based  on  83.3  r.p.m.,  rolling  plate  from  a  slab. 
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FIG.   6— TORQUE  CURVE  OF  INDUCTION   MOTOR   WITH   LIQUID  SLIP  REGULATOR 

Torque  based  on  250  r.p.m.,  rolling  plate  from  a  slab. 


wheel  should  not  be  called  upon  to  give  up  energy  until 
the  motor  has  first  been  loaded.  The  ideal  condition 
would  be  to  have  the  speed  of  the  equipment  remain  at 
light  load  speed  until  the  motor  is  carrying  full  load, 
and  any  load  beyond  this  value  should  be  taken  by  the 
flywheel.  The  flywheel  is  installed  as  reserve  capacity, 
and  its  energy  should  be  conserved  as  long  as  the  mo- 
tor is  not  loaded. 

An  improvement  upon  this  scheme  is  made  by  the 
use  of  notching-in  relays.     With  this  tjpe  of  control,  a 


permanent  resistance  is  placed  in  the  secondary,  of 
about  five  percent.  When  the  motor  reaches  its  full 
load,  additional  resistance  is  inserted  in  the  rotor  cir- 
cuit so  that  the  flywheel  is  called  upon  to  carry  a  greater 
proportion  of  the  peak  load.  A  number  of  such  equip- 
ments were  installed  several  years  ago,  but  it  was  found 
that  the  additional  slip  resistance  was  not  inserted 
quickly  enough  to  ward  off  the  peaks  and  tliat  continual 
interruption  of  the  secondary  current  increased  the 
maintenance  on  these  switches  so  that,  as  a  rule,  the 
operator  arranged  the  control  with  a 
fi-xed  amount  of  resistance  in  the  secondary 
circuit.  Fig.  5  graphically  shows  the  load 
on  a  mill  equipped  with  this  type  of  con- 
trol with  the  relays  set  to  operate  at  175 
000  ft.  lbs.  torque.  On  the  ninth  pass,  they 
did  not  operate  until  a  load  of  200  000  ft. 
lbs.  torque  was  obtained.  From  an  inspec- 
tion of  the  motor  torque  curves  during 
passes  4  io  8  inclusive,  it  would  seem  that 
the  relays  did  not  operate,  but  these  par- 
ticular passes  are  so  heavy  that  the  relays 
operated  immediately  upon  the  introduc- 
tion of  the  metal  and  the  initial  swing  of 
the  meter  was  so  rapid  the  effect  of  the  ad- 
ditional slip  could  not  be  detected. 

In  Fig.  6  is  shown  a  load  curve  on  a 
mill  driven  by  a  wound-rotor  induction 
motor  having  a  liquid  slip  regulator  in  its 
secondary  circuit.  This  is  an  improve- 
ment over  the  preceding  schemes  as  it 
more  nearly  approaches  the  ideal  condition 
of  conserving  the  flywheel  effect  until  the 
motor  is  fully  loaded,  and  at  the  end  of 
the  pass,  working  the  motor  to  capacity 
until  the  flywheel  has  been  returned  to  its 
normal  light  load  speed. 

Slip  curves  of  the  three  schemes  out- 
lined above  are  given  in  Fig.  7.  If  a 
synchronous  motor  were  operating  the 
mill,  its  speed  would  be  constant,  regard- 
less of  the  load  and  would  follow  the  line 

AB.  If  the  motor  was  a  squirrel-cage  or 
a  wound-rotor  induction  motor  with  its 
slip  rings  short-circuited,  it  would  drop  off 
approximately  three  percent  from  no  load 
to  full  load,  and  would  follow  the  curve 

AC.  If  the  wound  rotor  induction  mo- 
tor had  additional  external  resistance  to 
give  a  total  of  five  percent  slip,  its  opera- 
tion would  be  as  indicated  on  curve  AD,  and  with  15 
percent  total  slip,  its  operation  would  allow  curve  AE. 
If  the  motor  has  15  percent  fixed  slip  resistance  in  its 
secondary,  the  available  flywheel  capacity  would  be  ex- 
hausted at  the  same  time  the  motor  reaches  full  load. 
The  average  load  on  the  motor  during  the  period  of 
time  the  flywheel  is  called  upon  to  give  up  its  energy  is 
approximately  50  percent.  The  exact  average  would 
have  to  be  determined  by  the  character  of  each  in- 
dividual pass.     As  is  stated  above,  in  order  to  utilize 
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the  motor  ami  ll\  wheel  to  better  advantage,  iKjtching-in 
relays  are  used.  In  this  case,  the  motor  would  work  on 
curve  AD,  the  speed  merely  dropping  five  percent  when 
the  additional  resistance  is  inserted  and  the  operation 
would  then  be  transferred  along  DF  to  curve  AE.  The 
way  in  which  the  load  drops  off  when  the  additional  re- 
sistance is  inserted  in  the  secondary,  can  be  noted  from 
passes  p,  10  and  //  of  Fig.  5. 

The  liquid  regulator  type  of  control  was  introduced 
to  maintain  the  flywheel  speed  until  the  motor  is  actually 
over-loaded.  With  this  scheine  of  control,  the  opera- 
tion of  the  motor  is  on  curve  AC  until  full  load  is  ob- 
tained, at  which  time  the  motor  remains  in  operation 
at  full  load  and  the  speed  drops  from  C  towards  E. 
At  the  end  of  the  pass,  the  motor  still  continues  to  op- 
erate at  full  load,  the  speed  increasing  from  £  to  C  and 
then  the  load  drops  off  from  C  towards  A  to  the  fric- 
tion load.  In  Fig.  6,  the  motor  continued  to  operate  at 
capacity  for  17  seconds  after  the  last  pass.  Unless 
there  is  reason  to  limit  the  load  taken  by  the  motor  due 
to  power  house  capacity,  it  would  be  better  to  adjust 
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The  question  often  arises  as  to  the  advisability  of 
placing  the  flywheel  effect  in  the  rotor  of  the  motor. 
The  flywheel  capacity  required  is,  of  course,  usually 
more  than  can  be  obtained  by  increasing  the  weight  of  a 
normally  designed  rotor.  The  diameter  of  the  rotor  is 
therefore  increased,  so  that  the  peripheral  speed  of  the 
rotor  coils  is  higher  than  would  otherwise  be  dictated 
by  accepted  practice  for  motor  design.  In  addition  to 
this,  the  design  of  the  motor  is  special  and  unless  the 
motor  required  happens  to  be  a  duplicate  of  one  pre- 
viously built,  which  is  seldom  the  case,  this  individual 
motor  must  carry  the  development  charge  of  a  new 
machine.  If  it  is  desired  to  combine  the  motor  and 
flywheel,  a  better  scheme  is  to  place  a  separate  flywheel 
on  the  motor  shaft.  It  is,  however,  important  that  the 
shaft  and  bearings  be  liberal  in  their  design,  as  the  air- 
gap  of  an  induction  motor  is  inherently  small  and  any 
springing  of  the  shaft  or  wear  in  the  bearings  will  set 
up  an  unbalanced  magnetic  pull.  By  placing  the  fly- 
wheel on  its  own  shaft  and  bearings,  and  using  a  coup- 
ling between  the  motor  and  flywheel  shaft,  which  will 
permit   a   small   misalignment,   the   flywheel    can   wear 


FIG.    7 — SPEED  TORQUE  CURVES  OF  WOUND-SECON'D- 
ARY   INDUCTION    MOTOR 

this  regulator  to  allow  the  motor  to  take  200  kw  more, 
in  which  case,  the  flywheel  would  be  brought  up  to 
speed  during  the  last  passes. 

The  dashed  lines  in  Figs.  4,  5  and  6  represent  the 
torque  developed  by  the  flywheel.  In  the  first  two 
figures,  this  torque  is  less  than  that  given  up  by  the 
motor  and  takes  about  the  same  proportion  of  the  load, 
regardless  of  the  pass.  In  Fig.  6,  the  flywheel  is  shown 
to  absorb  the  greater  proportion  of  the  high  peaks  and 
very  little  of  the  last  passes.  A  graphic  chart  taken  on 
a  90  in.  plate  mill  is  shown  in  Fig.  8.  The  part  having 
uniform  peaks  of  2000  kw  shows  the  operation  of  the 
liquid  regulator.  The  motor  secondary  was  then  trans- 
ferred to  magnetic  control  with  resultant  irregular 
peaks,  some  going  off  the  scale  at  3600  kw. 

From  the  performance  of  the  liquid  regulator,  it  is 
apparent  that  it  is  best  suited  for  plate  mill  applications 
and  can  therefore  be  selected,  regardless  of  the  method 
of  drive,  whether  the  motor  and  flywheel  be  direct  con- 
nected or  geared.  With  this  feature  settled,  the  next 
point  for  consideration  is  the  size  and  method  of  con- 
necting the  motor  and  flywheel  to  the  mill. 
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FIG.   8 — GRAPHIC  CHART  OF  LOAD   ON   A   CO  INCH    PLATE   MILL 


down  its  bearings  without  in  any  way  affecting  the  mo- 
tor. This  scheme  not  only  utilizes  a  standard  motor, 
but  repairs  to  the  motor  are  simplified,  since  the  fly- 
wheel can  be  completely  isolated  at  the  coupling. 

If  the  flywheel  is  placed  directly  on  the  mill  shaft, 
its  speed  will  be  approximately  83  r.p.m.  At  this  speed 
the  diameter  of  the  wheel  would  be  fixed  by  manufac- 
turing limits,  which  at  the  present  seldom  exceeds  24 
feet.  This  would  result  in  a  peripheral  speed  of  6250 
feet  per  minute.  If  the  scheme  shown  in  Fig.  2  is 
used,  its  speed  will  be  200  r.p.m.  Using  12  000  feet  per 
minute  as  the  maximum  allowable  peripheral  speed  for 
cast  steel,  the  wheel  in  this  case  could  be  19  feet  in 
diameter.  Operating  at  12  000  feet  per  minute,  its 
weight  would  be  slightly  over  over-half  of  the  24  foot 
wheel  running  at  6250  feet  per  minute. 

If  the  mill  is  laid  out  as  in  Fig.  i,  except  a  360 
r.p.m.  motor  is  connected  to  the  mill  through  a  herring- 
bone gear  unit,  and  flywheels  are  placed  on  the  pinion 
shaft,  either  cast  steel  or  plate  wheels  can  be  used. 
The  steel  wheel  would  be  limited  to  a  peripheral  speed 
of  12000  feet  per  minute,  and  the  weight  of  a  cast  steel 
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wheel  would  be  one-fourth  that  of  the  one  required  for 
tlie  scheme  shown  in  Fig.  i  and  of  tlie  same  weight  as 
the  wheel  shown  in  Fig.  2.  As  plate  wheels  can  be  run  as 
high  as  25  000  feet  a  minute,  the  weight  could  be 
further  reduced,  if  they  are  used  instead  of  cast  steel. 
The  limitation  in  diameter  of  plate  wheels  in  this  par- 
ticular case  will  be  fixed  by  the  size  of  plates  which  can 
be  rolled. 

The  objection  to  placing  the  wheels  on  the  pinion 
shaft  is  that  all  peak  loads  are  transmitted  through  the 
gearing.  Of  course  it  is  entirely  possible  to  provide  for 
the  peaks  obtained  during  each  pass,  but  there  will  be 
times  when  an  attempt  will  be  made  to  roll  tongs  or 
other  foreign  material.  With  high  speed  wheels  on  the 
pinion  shaft,  something  is  bound  to  break.  It  is  these 
stresses,  which  cannot  be  estimated,  that  make  it  prefer- 
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atus  to  correct  the  power-factor.  If  the  motor  was  se- 
lected from  the  point  of  view  of  power-factor  alone,  the 
preference  would  be  for  one  of  the  higher  speed  motors 
witli  a  slight  advantage  in  favor  of  the  360  r.p.m.  motor, 
but  either  this  or  the  212  r.p.m.  motor  would  be  quite 
acceptable. 

The  weight  and  the  cost  of  the  83.6  r.p.m.  motor  is 
three  times  that  of  the  360  r.p.m.  motor,  and  twice  that 
of  the  212  r.p.m.  machine.  The  best  proposition  as  far 
as  cost  is  concerned,  can  only  be  determined  when  the 
cost  of  the  gearing  is  included  with  the  motor  for  each 
individual  scheme.  In  practically  every  case  a  material 
saving  in  first  cost  will  be  obtained  by  installing  either 
the  212  or  360  r.p.m.  motor.  For  an  installation  of 
this  nature,  the  360  r.p.m.  motor  and  gear  will  cost  25 
percent  less  than  the  83.6  r.p.m.  motor. 

The  only  objection  to  installing  the  higher  speed 
motors  is  the  reliability  of  gearing.  Several  years  ago 
this  was  rather  a  serious  objection,  but  that  is  gradu- 
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FIG.   9 — TYPICAL    CHARACTERISTIC    CURVES    OF    2000    TO 

5000  HP,  3-PHASE,  60  CYCLE,  2200  VOLT  INDUCTION 

MOTORS 

able  to  put  the  flywheel  as  near  the  mill  as  possible,  such 
as  shown  in  Figs,  i  and  2. 

POSITION  OF  MOTOR 

The  first  cost  of  the  motor  will  decrease  as  tlie 
speed  is  increased,  and  the  electrical  performance  will 
be  better  on  the  higher  speed  machines.  Fig.  9  shows 
graphically  the  variation  in  performance  and  weight  of 
2000  to  5000  hp,  60  cycle  motors.  The  efficiency  varies 
so  little  with  speed,  that  it  can  be  neglected  as  a  factor 
in  the  selection  of  the  drive.  However,  the  power- 
factor  varies  over  a  wide  range  and,  as  will  be  noted 
from  Fig.  9,  it  drops  off  rapidly  at  the  slower  speeds. 
The  wattless  components  are  as  follows: — 

Full-Load      Percent  Wattless 
R.  p.  m.         Power-Factor         Component 
83.6  60  80 

212  82  57.2 

360  88  47.4 

The  360  r.p.m.  and  212  r.p.m.  motors  have  very 
fair  power-factors  but  the  83.6  r.p.m.  motor  would  in 
general  require  the  installation  of  synchronous  appar- 


FIG.    10 — SPEED   CHARTS    OF    A    TYPICAL    ENGINE   DRIVEN    PLATE    MILL 

ally  passing  as  to-day  there  are  a  number  of  large  gear 
units  giving  remarkably  good  service.  This  record  is 
by  no  means  universal,  but  the  progress  that  is  being 
made  in  the  design  and  construction  of  herringbone 
gears  will  soon  leave  little  reason  for  installing  an  ex- 
pensive slow-speed  motor. 

This  phase  of  the  discussion  naturally  refers  to 
continuous  running  motors  only,  as  two-high  reversing 
mills  similar  to  that  shown  as  the  roughing  stand  of 
Fig.  3  would  of  necessity  be  operated  by  a  direct-cur- 
rent reversing  motor  directly  connected  to  the  mill, 
with  the  flywheel  as  a  part  of  the  Ilgner  set. 

ENGINE-DRIVEN    MILLS 

Quite  often  reference  is  made  to  plate  mills  driven 
by  engines  which  have  much  smaller  capacity  than  the 
size  of  motor  recommended.  If  an  engine  is  over- 
loaded, it  simply  slows  down,  warning  the  operators,  so 
that  they  will  roll  at  a  slower  rate.  Usually  the  first 
intimation  that  the  operators  have  of  an  overload  on  a 
motor  is  the  opening  of  the  circuit  breaker.  This  quite 
often  leaves  the  metal  in  the  rolls  and  is  almost  sure  to 
cobble  the  piece.  Fig.  10  shows  a  graphic  speed  curve 
taken  on  a  140  in.  engine-driven  mill  which  had  been 
used  as  an  instance  of  a  satisfactory  steam  drive 
wheie  the  motor  capacity  recommended  was  larger  tlian 
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that  of  the  engine.  In  this  particular  case,  a  maximum 
drop  of  60  percent  and  an  average  of  35  percent  was 
obtained  during  the  heavy  passes.  This  cannot  be  con- 
sidered good  practice  and  it  is  surprising  to  find  what 
increase  in  tonnage  can  be  obtained  when  steam  drive 
has  been  replaced  by  an  adequate  motor  drive.  In  one 
instance,  a  motor  was  installed  on  a  plate  mill  to  roll 
500  tons  per  day,  which  was  considered  to  be  a  good 
record,  and  in  the  fifth  month  of  its  operation,  it  had 
rolled  800  tons  in  one  day.  On  another  plate  mill,  it 
was  planned  to  roll  a  maximum  of  12  000  tons  per 
month  and  in  the  sixth  month  after  the  mill  was  placed 
in  operation  20000  tons  were  rolled.  Electric  drive 
presents  great  possibilities  where  it  is  desired  to  roll 
record  tonnages,  but  tlie  flywheel  and  motor  capacities 
must  not  be  stinted.  The  equipment  should  not  only 
be  able  to  roll  the  steel,  but  should  do  so  without  show- 
ing any  signs  of  distress  when  rolling  the  severest 
schedules.  If  the  operators  learn  that  they  can  over- 
load the  motor,  it  is  sometimes  difficult  to  improve  the 
tonnage  output,  as  they  have  an  opportunity  to  blame 

TABLE  I— KW-HOUR  CONSUMPTION  AND  MONTHLY 
TONNAGE  OF  MOTOR  DRIVEN  MILLS 


Size  of  Mill 

Motor 
Hp 

Gross 

Tonnage 

per  Month 

Charged 

Weight 

.2gQ 
El 

X=|| 
ShgQ 

a 

1 10  in.  sheared 

90  in.  sheared  

84  in.  tandem  sheared 

84  in.  tandem  sheared 
no  in.  sheared 

48  in.  universal  .  ;   ... 

4000 

2000 

2-l600 

2-1600 

4000 

8000 

20  000 
12  000 

11  500 
14000 

12  000 
19000 

18 

31-5 

27 

29 

21 

29 

29 

45 
12 

the  electrical  equipment,  while  if  the  motor  has  a  margin 
the  tonnage  output  is  dependent  on  the  men. 

POWER  CONSUMPTION 

Now  that  the  war  is  over,  economy  of  operation 
will  receive  additional  attention  and  no  doubt  the  oper- 
ating engineer  will  devote  just  as  much  attention  to  im- 
proving the  efficiency  of  operation  as  the  design  engi- 
neer gives  to  a  reduction  of  the  losses  in  electrical  ma- 
chines. Tables  I  and  II  show  a  comparison  of  power 
consumption  on  electrically-driven  and  steam-driven 
mills.  The  tonnage  listed  is  based  on  2240  lbs.  per  ton 
of  charged  weight.  A  better  comparison  can  be  made 
by  comparing  the  power  consumption  on  charged  weight 
than  on  the  finished  weight,  as  the  latter  depends  some- 
what upon  the  percent  scrapped,  which  of  course  does 
not  affect  the  power  consumption.  It  is  true  that  the 
power  consumption  will  vary  with  the  average  elonga- 
tion of  the  metal,  the  percent  of  time  the  mill  is  running 
idle,  in  addition  to  a  number  of  other  factors,  but  it 
will  be  found  the  average  practice  of  the  same  sized 
mills  does  not  vary  greatly,  and  a  comparison  of  the 
power  consumption  per  month  is  a  much  truer  method 


than  by  comparing  the  load  efficiency  of  an  electric 
motor  with  that  of  a  steam  engine.  During  the  time 
the  mill  is  not  rolling  steel,  the  steain  losses  of  an  en- 
gine-driven mill  are  comparatively  high  and  should  be 
included.  When  an  electric  motor  is  shut  down,  its 
losses  are  nil. 

The  last  column  in  Table  II  gives  the  equivalent 
killowatt-hours  per  ton  on  the  assumption  that  a  steam 
turbine  would  consume  20  lbs.  of  steam  per  kilowatt- 
hour  taken  by  the  motor  on  the  mill.  This  is  very 
liberal,  particularly  in  plants  where  large  turbines  are 
used,  but  this  figure  includes  the  power  required  by  the 
auxiliaries  and  transmission  losses  and  is  based  on  a 
fluctuating  load  on  the  turbine.  The  kw-hr.  consump- 
tion for  the  auxiliaries  of  the  48  in.  universal  mill  in 
Table  II  is  low,  but  it  includes  only  the  tables,  shears 
and  cranes  while  these  values  for  the  other  mills  in- 
clude pumps,  compressors,  lights,  etc.,  in  fact  everything 
complete  except  the  main  drive.  It  will  be  noted  from 
Table  I  that,  although  the  tonnage  for  the  same  size 
mills  may  vaty  over  a  wide  range,  still  the  power  con- 

TABLE    II— STEAM    CONSUMPTION    AND    MONTHLY 
TONNAGE  OF  ENGINE  DRIVEN  MILLS 


gl'Ss 

H 

1^ 

Size  of  Mill 

Engine 

Hp 

S 

a"^ 

o" 

w 

140  in. 

46  by  60 

2250 

13  100 

1660 

82.5 

1X2  in. 

36  by  60 

1400 

6250 

3000 

150 

84  in. 

28  by  48 

7.30 

187s 

M?.o 

171 

48  in.  imiversal 

34  and  60  by  60 

1500 

7700 

1300 

65 

72  m. 

44  by  60 

1000 

4700 

I.SOO 

65 

84  in. 

44  by  60 

1000 

5000 

1315 

66 

sumption  per  ton  is  almost  the  same.  This  brings  out 
the  fact  that  electrical  equipment  maintains  a  high  effi- 
ciency even  when  operating  at  low  capacity.  The  high 
efSciency  of  an  electrical  motor  is  maintained  at  light 
load  and  the  instant  it  is  shut  down,  the  losses  disappear. 
A  comparison  of  the  two  tables  indicates  that  larger 
motors  are  placed  on  mills  than  was  formerly  the  prac- 
tice with  engines,  but  it  is  also  evident  that  considerably 
larger  tonnages  are  obtained  on  the  motor-driven  mills. 
From  the  power  figures  given,  it  is  apparent  that  a 
considerable  saving  would  be  obtained  if  the  engine- 
driven  mills  were  replaced  with  electric  drive.  Not 
only  would  better  economy  be  obtained,  but  mainten- 
ance charges  would  be  reduced,  and  a  greater  tonnage 
could  be  expected.  Problems  of  this  type  should  re- 
ceive considerable  attention  at  present,  and  in  order  that 
we  place  ourselves  in  a  position  to  compete  for  export 
business  during  the  reconstruction  period  of  Europe,  the 
management  of  every  plant  should  have  before  tliem  in 
very  definite  figures,  the  saving  and  increased  tonnages 
which  would  be  obtained  by  bringing  their  equipment 
up  to  date. 
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WHILE  refined  mineral  oils  have  been  success- 
fully emplo3-ed  as  insulating  mediums  for  a 
period  exceeding  15  years,  the  risk  entailed  by 
their  use  and  the  factors  that  govern  their  inflamma- 
bility do  not  appear  to  be  generally  known. 

Beginning  with  methane  or  marsh  gas  (CH^),  the 
hydrocarbon  group,  of  which  transformer  oil  is  a  mem- 
ber, passes  through  a  long  series  in  which  CH3  takes 
the  place  of  one  atom  of  hydrogen,  the  structure  of 
which  may  be  represented  by  CnH,n  +  2.  As  the 
molecular  weights  of  the  combinations  increase,  the 
compounds  formed  pass  through  the  gaseous,  liquid  and 
solid  states.  Kerosene  and  gasolene  represent  the 
lighter,  and  lubricating  or  transformer  oils  the  heavier 
liquid  phase.  Paraffine  and  its  analogues  are  members 
of  the  solid  state. 

Coincident  with  change  in  molecular  structure, 
variations  are  produced  in  specific  gravity,  specific 
heat,  viscosity,  volatility,  dielectric  strength,  etc.,  and 
therefore,  also  in  relative  flash  and  fire  points  as  v/ell 
as  insulating  and  cooling  properties. 
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Since  hydrocarbons  are  inflammable  under  proper 
conditions  of  temperature,  pressure,  air  mixture 
and  ignition,  their  use  must  be  safe-guarded.  Fortun- 
ately, the  combination  of  these  conditions  in  the  heavier 
oils  is  so  difficult  to  obtain  that  in  normal  use  the  haz- 
ard involved  is  quite  negligible.  A  convenient  criterion 
of  the  inflammability  of  oil  is  the  flash  point.  This  is 
a  definite  temperature  at  which  the  vapors  above  an  oil 
surface  ignite  without  burning  continuously.  It  is  at- 
tained when  the  rate  of  evaporation  is  sufficient  to 
maintain  a  mixture  of  vapor  and  air  at  the  oil  surface 
which  will  burn  with  a  flash  on  igniting  the  mixture 
with  an  auxiliary  flame  or  spark.  Unless  the  flash  point 
determination  rigidly  follows  a  definite  procedure,  the 
temperatures  obtained  may  varj'  over  a  wide  range. 
Under  proper  conditions  of  rate  of  temperature  in- 
crease, and  degree  of  exposure  of  oil  surface  to  atmos- 
phere, comparable  data  may  be  secured.  The  usual 
precautions  to  be  observed  are  to  heat  the  oil  in  a  stand- 
arized  cup  at  a  rate  of  from  five  to  eight  degrees  C. 
per  minute  in  a  quiet  atmosphere. 

As  the  mixture  burns,  the  amount  of  vapor  pres- 
ent rapidly  decreases  until  combustion  ceases.     An  ap- 


preciable interval  will  then  elapse  during  which  the 
lean  mixture  is  enriched  by  further  evaporation  from 
the  oil,  when  the  mixture  will  again  flash  on  ignition. 
On  increasing  the  oil  temperature  to  the  fire  point,  tlie 
evaporation  is  sufficiently  rapid  to  maintain  combusiion 
continuously.  The  inflammability,  and  explosibility  of 
oil  vapor  are  not  peculiar  to  any  given  oil  but  are  char- 
acteristics encountered  with  change  in  temperature  of 
oils. 

Recent  tests  have  confirmed  the  conclusions  drawn 
from  the  flash  and  fire  point  criteria.  In  Fig.  i  are 
compared  the  vapor  pressures  of  transformer  oil  with 
those  of  liquids  of  well  known  characteristics.  Since 
oils  and  most  liquids  occlude  large  volumes  of  atmos- 
jiheric  gases  the  precaution  should  be  observed,  in  tak- 
ing vapor  pressure  measurements,  of  removing  such 
gases.  If  this  is  performed  by  vacuum  treatment,  care 
should  be  exercised  to  prevent  the  escape  of  the  more 
volatile  constituents.  The  transformer  oils  used  in  this 
test  possessed  the  same  flash  and  fire  points  after  the 
removal  of  occluded  gases  as  before. 

TABLE  I^LIMITS  OF  COMPLETE  INFLAMMABILITY 
OF  MIXTURES  OF  GASES  WITH  AIR 


j  PERCENT  G.\S  IN              PRES.   OF  GAS 
GAS                           1               AIR                             (mm.  Hg.) 

1 

Gasolene 1.5  to  6                 11.5  to  45 

Methane 5.5  to  14               42      to  10.5 

Hydrogen |       10      to  66       |         76      to  500 

Carbon  monoxide |       15      to  73              115      to  555 

1 

From  its  known  flash  point  and  inflammability  character- 

istics,  the  corresponding  data  for  transformer  oil  may  be  ap- 
proximated; 2.3  to  5  percent  gas  in  air  and  17.5  to  38  m.  m. 
pressure  of  gas. 

The  data  in  Fig.  i  as  well  as  the  information  con- 
tained in  Table  I.*  indicate  that  it  is  impossible  to  se- 
cure an  inflammable  mixture  of  the  transformer  oil 
shown  in  Fig.  I  at  temperatures  even  well  above  the 
operating  range,  because  the  vapor  pressures  obtained 
are  not  within  the  range  of  inflammability  for  hydro- 
carbons shown  in  the  table. 

This  conclusion  was  confirmed  in  an  experimental 
apparatus  in  which  the  confined  oil  and  air  volumes  ap- 
proximated those  representing  good  transformer  prac- 
tice. It  was  found,  on  gradually  raising  the  oil  from 
room  temperature  and  intermittently  passing  an  induc- 
tion coil  discharge  through  the  mixture  of  vapor  and 
air,  that  the  gases  could  not  be  ignited  below  the  flash 
point.  Since  the  flash  point  is  greatly  in  excess  of  the 
normal  operating  temperature  of  transformer  oil,  it  is 
necessary  only  to  reduce  to  a  minimum  the  liability  of 
the  oil  spilling  or  leaking  over  a  hot  surface  and  sub- 
sequently igniting.  In  such  applications  as  the  insula- 
tion of  circuit  breakers,  in  which  oil  is  liable  tc  be 
blown  out  and  become  ignited,  it  is  obviously  desirable 
to  select  an  oil  having  a  low  vapor  pressure  and  high 
flash  point. 

*Secured  by  the  Bureau  of  Mines  and  incorporated  in  Tech- 
nical Paper  No.  150. 
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A  further  characteristic  of  hydrocarbons  hitherto 
but  little  appreciated  is  the  formation,  on  the  passage 
of  a  disruptive  discharge,  at  or  below  the  oil  surface,  of 
gases  radically  different  from  oil  vapor.  The  vapors 
arising  from  the  oil  surface  as  a  result  of  a  gradual  in- 
crease in  oil  temperature  and  the  accumulation  of  which 
forms  the  basis  of  the  flash  point  test,  are  still  essen- 
tially oil  and  subsequently  condense  on  decreasing  the 
temperature  to  resume  their  original  character.  How- 
ever, the  gases  resulting  from  the  disintegration  of  the 
oil  molecules  are  permanent  over  ordinary  temperature 
ranges  and  are  present  in  the  following  approximate 
percentages : — 

Carbon  dioxide  1.17     Hydrogen 59-10 

Heavy  hydrocarbons  ....  4.IS6     Nitrogen 10.10 

Oxygen 1.36     Methane 4.20 

Carbon  monoxide 19.21  ■ 

I  Total 100.00 

This  analysis  indicates  the  presence  of  a  prepon- 
derating quantity  of  hydrogen  and  a  relatively  small 
amount  of  hydrocarbons.  The  nitrogen  and  oxygen  in 
the  reaction  products  show  the  presence  of  13  percent 
occluded  air.  In  view  of  the  violence  accompanying 
the  reunion  of  oxygen  and  hy- 
drogen, as  well  as  the  fact  that 
hydrogen  is  explosive  in  air, 
within  a  range  of  10  to  66  per- 
cent, it  is  evident  that  a  de- 
structive force  can  readily  be  ob- 
tained on  the  ignition  of  an 
atmosphere  consisting  of  air  and 
decomposed  oil. 

With  a  proportion  of  hydro- 
FiG.  2-APPAR.MUs  FOR  ^^^  ^o  oxygen  of  two  to  one  ex- 
TESTiNG  Exi'i.osiBiLiTY  isting  in  the  gaseous  mixture, 
Of  oil  and  gases  and  thereby  assuring  complete  com- 
inilammabilitv   ot    oil  ■'  a  r- 

vapor.  bination  of  both  gases  and  most 

rapid  reaction,  the  speed  of  flame  propagation  is  about 
1 1  000  feet  per  second,  or  approximately  ten  times  that 
of  sound  waves  in  air.  With'  gases  initially  at  atmos- 
pheric pressure,  an  explosion  would  produce  a  press-are 
of  eight  atmospheres  or  about  120  pounds.  Assum- 
ing the  evolution  of  gases  from  an  arc  below  oil  suffi- 
ciently rapid  to  create  a  pressure  above  the  oil,  in  case 
there  is  no  ventilation,  of  1.5  atmospheres,  the  maxi- 
mum pressure  of  the  explosion  wave  would  be  about  12 
atmospheres  or  180  pounds  per  square  inch.  As  this 
wave,  however,  has  a  very  steep  front,  due  to  its  high 
velocity,  tlie  force  applied  to  the  structure  is  in  the  na- 
ture of  an  impact  and  the  stress  on  the  parts  above  the 
oil  level  may  approximate  360  pounds  per  square  inch, 
representing  a  loading  sufficient  to  distort  the  container 
or  shear  the  holding  bolts. 

Since  the  temperature  required  for  the  disintegra- 
tion of  the  oil  is  necessarily  very  great,  slight  differences 
in  flash  or  fire  points  of  the  oils  used  do  not  materially 
influence  the  ease  with  which  such  disruption  is  pro- 
duced. No  appreciable  protection  is,  therefore,  ob- 
tained by  substituting  a  high  flash  for  a  low  flash  oil. 
In  fact  it  has  been  observed  that,  due  to  the  lower  vapor 
pressure  and  consequent  decreased  dilution  of  hydro- 


gen by  the  less  active  hydrocarbon  vapors,  explosions 
in  the  higher  fla.sh  oils  were  occasionally  more  violent. 

A  simple  device  for  demonstrating  the  explosibility 
of  disintegrated  oil  gas  is  shown  in  Fig.  2.  On  pass- 
ing a  heavy  discharge  between  the  lower  pair  of  elec- 
trodes, which  are  surrounded  by  the  hydrocarbon  liquid, 
large  quantities  of  gas  are  evolved  at  the  terminals,  rise 
to  the  surface  and  diffuse  in  the  air  surrounding  the 
upper  pair  of  electrodes.  On  passing  a  weak  discharge 
between  the  upper  terminals  a  violent  explosion  is  ob- 
tained, shattering  the  container  or  blowing  the  stopper 
out  at  a  great  velocity. 

Repeated  tests  with  this  apparatus  have  demon- 
strated the  explosibility  of  disintegration  products  from 
commercial  transformer  oils,  as  well  as  halowax  oil 
(combination  of  hydrocarbon  with  chlorine)  and 
molten  paraffine.  While  the  explosion  of  a  mixture  of 
air  and  disintegrated  oil  is  more  destructive  than  a  mix- 
ture of  air  and  oil  vapor,  it  has  proven  to  be  of  very 
rare  occurrence  and  is  always  traceable  to  some  ob- 
vious neglect.  A  heavy  short-circuit  in  the  trans- 
former, sufficient  to  trip  the  circuit  breakers,  is  of  too 
short  duration  to  produce  conditions  requisite  for  such 
an  explosion.  However,  a  partial  short-circuit,  continu- 
ing for  a  considerable  period  at  or  below  the  oil  surface 
will  result  in  the  accumulation  of  a  large  quantit)  of 
hydrogen  and  the  liability  of  a  powerful  explosio-^:  on 
the  passage  of  discharges  through  the  gaseous  mixture. 

To  prevent  such  discharge  and  the  consequent  re- 
lease of  destructive  forces,  it  is  desirable  to  maintain 
the  proper  oil  level  above  the  terminal  boards,  thereby 
preventing  arcing  between  exposed  conductors, 
and  to  prevent  the  seepage  of  water  over  an  insulated 
lead  to  the  oil  surface.  The  objections  to  water  in 
transformer  oil  are  well  known.  While  a  considerable 
amount  of  water  may,  by  entering  at  the  edges  of  the 
tank,  flow  to  the  bottom  and  accumulate  without  evi- 
dence of  trouble  until  it  rises  high  enough  to  be 
siphoned  into  the  windings  by  some  of  the  organic  ma- 
terial acting  as  a  wick;  a  very  small  amount  of  water, 
by  spreading  over  the  leads  passing  through  the  air 
chamber  and  eventually  reaching  the  terminal  board, 
may  facilitate  the  production  of  streams  of  discharges 
which  disintegrate  the  oil  and  then  ignite  the  resulting 
mixture  in  a  violent  explosion.  It  is  apparent,  there- 
fore, that  a  distinction  should  ije  made  between  the  in- 
flammability of  gaseous  mixtures  obtained  due  to  the 
evaporation  of  oil  and  the  explosibility  of  mixtures  ob- 
tained due  to  the  disintegration  of  oil. 

Since  commercial  transformer  and  switch  oils  have 
such  low  vapor  pressures  that  inflammable  mixtures 
cannot  be  obtained  in  the  air  space  above  the  oil  level 
under  normal  operating  conditions,  the  first  type  of  ex- 
plosion or  burning  will  not  be  readily  obtained.  Tests' 
made  on  light  oils  having  flash  points  from  125  to  135 
degrees  C.  have  shown  that  they  will  not  evolve  suffi- 
cient vapor  to  continuously  support  combustion  until  a 
temperature  of  145  degrees  C.  is  exceeded.  This  is 
far  above  any  operating  or  room  temperature  encotmt- 
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ered  in  either  a  transformer  or  circuit  breaker  installa- 
tion. 

To  prevent  the  occurrence  of  the  second  type  of 
explosion  every  effort  should  be  made  to  eliminate  pro- 
longed arcing  near  (above  or  below)  the  oil  surface,  a 
frequent  cause  being  the  creation  of  low  resistance 
paths  in  the  neighborhood  of  terminal  boards  by  water 
leakage  or  seepage  through  joints  and  terminal  leads, 


and  low  oil  level.  The  obvious  precautions  are  to  in- 
sure the  proper  sealing  of  all  joints  where  water  may 
enter  and  the  maintenance  of  the  specified  oil  level. 

The  hazard  in  confined  oil  is,  therefore,  entirely 
due  to  arcing  adjacent,  above  or  below,  the  oil  surface, 
while  the  characteristics  designated  as  flash  points  and 
fire  points  are  but  useful  indications  of  the  hazard  of 
scattered  or  spilled  oil  exposed  in  a  warm  atmosphere. 


The    purpoBS    o{    this    section    is    to    present        The   co-operation    of    all    those    interested    in 
accepted  practical  methods  nsed  by  operating       operating  and  maintaining  railwaj  equipment 
companies   throughout   the   country.                          is   invited.     Address  R.   0.   D.   Editor. 
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Railway  Motor  Testing— II 

ARMATURE  TESTING 


The  tests  outlined  apply  to  standard  four-pole  lap  or  two- 
circuit  wound  500  volt  railway  motors.  Depending  upon 
the  size  of  the  shop  and  the  available  source  of  current,  testing 
equipment  and  methods  of  testing  will  vary,  and  with  this  in 
mind  the  various  tests  and  methods,  using  the  apparatus  as 
described  in  Railway  Operating  Data,  Jan.  '19,  will  be  outlined 
in  general  to  guide  the  individual  operator  in  making  the  re- 
quired tests.  Figure  numbers  i  to  10  incl.  refer  to  the  Januaiy 
issue. 

COMMUTATORS 

INSULATION  TESTING  BOX    (Fig.   1) 

Short-Circuits — After  the  old  windings  are  removed,  the 
commutator  should  be  well  cleared  of  all  solder,  carbon  dust, 
etc.,  and  tested  between  bars  for  short-circuits,  using  100  to 
no  volts.  In  making  this  test,  connect  the  testing  outfit,  as 
shown  in  Fig.  I,  to  the  no  volt  lighting  circuit,  set  the  dial 
switch  for  the  desired  test  voltage,  and  with  the  circuit  breaker 
set  and  the  switch  closed,  test  adjacent  commutator  bars  with 
the  terminals.  When  the  circuit  breaker  kicks  out,  a  short- 
circuit  is  indicated. 

Grounds — In  testing  for  a  ground,  wrap  a  piece  of  thin 
bare  wire  around  the  face  of  the  commutator  to  connect  all  of 
the  bars  together.     Set  the  dial  switch  for  1200  volts,  and  with 


FIG.    II — no   VOLT   LIGHTING-OUT   LINE 

FIG.    12 — SCHEME    FOR    OBTAINING    A    IIO-VOLT    LIGHTING-OUT    LINE 

FROM   A   5OO-VOLT  CIRCUIT 

the  circuit  breaker  set  and  switch  closed,  apply  one  of  the  test- 
ing terminals  to  the  shaft,  and  the  other  to   the  commutator. 
If  the  breaker  kicks  out,  the  commutator  is  grounded. 
LIGHTING  OUT  LINE    (Fig.  4) 

Short-Circuits — This  test  can  also  be  made  by  using  a 
lighting-out  line,  as  shown  in  Fig.  II,  by  testing  adjacent  com- 
mutator bars  using  testing  terminals ;  when  the  lamp  lights, 
the  indication  is  that  the  bars  are  short-circuited.  With  the 
lighting-out  line  shown  in  Fig.  4,  the  test  voltage  would  be  500 
volts,  which  is  too  high,  and  is  liable  to  injure  a  good  commu- 
tator. A  modification  of  this  test  line  is  shown  in  Fig.  12, 
which  will  give  the  required  100  volts.  In  using  this  modified 
test  line,  all  lamps  are  normally  lighted  and  when  a  short-cir- 
cuit is  located  lamp  A  goes  out. 

Grounds — In  testing  for  a  ground  with  all  the  commutator 
bars  short-circuited  by  a  piece  of  wire,  apply  one  of  the  test- 
ing terminals  from  the  lighting-out  line  as  shown  in  Fig.  4, 
to  the  shaft  and  the  other  to  the  commutator.  If  all  five  lamps 
light  up,  the  commutator  is  grounded.  This  test  is  not  as  good 
as  a  1200  volt  test  but  will  indicate  any  actual  grounds. 

ARMATURE  COILS 

INSULATION  TESTING  BOX    (Fig.  1) 

Short-Circuits  between  Coils — All  leads  are  separated  at 
both  ends,  and  the  insulation  between  adjacent  assembled  coils 


is  tested  with  100  to  no  volts,  in  the  same  manner  as  described 
for  testing  commutators  for  short-circuits. 
COIL  TESTING  OUTFIT    (Fig.   3) 

Short-Circuited  Turns  of  Single  Coils — When  single  coils 
have  several  turns,  an  additional  test  is  required  as  follows : — 
Place  the  assembled  coil  on  either  of  the  outer  legs  of  the  coil 
testing  outfit,  Fig.  3,  with  the  yoke  removed.  If  the  wattmeter 
needle  deflects  with  the  exciting  coil  switch  closed,  one  of  the 
coils  has  a  short-circuit. 

In  using  this  testing  outfit,  the  wattmeter  can  be  replaced 
by  a  telephone  receiver.  If  the  coil  is  O.  K.  there  will  be  a 
medium  buzzing  sound  heard  in  the  receiver,  but  if  it  is  short- 
circuited,  the  sound  will  be  much  louder.     If  this  defective  coil 


FIG.    13 — CONDITIONS  IN  AN  ARMATURE  HAVING  TWO  ADJACENT 
LEADS    {A    AND  B)    CROSSED 

0  =  Zero  indication— that  is,  no  spark  with  the  magnetic 
testing  yoke  (Fig.  2)  ;  no  sound  in  the  telephone  receiver 
(Fig.  5)  ;  and  no  reading  of  the  voltmeter  (Fig.  7). 

is  placed  on  the  middle  leg  of  the  coil  testing  outfit,  as  shown 
in  Fig.  3,  with  the  yoke  in  place  and  the  exciting  coil  switch 
closed,  the  defective  coil  will  heat  and  the  short-circuit  can  be 
located. 

COMPLETE  ARMATURES 

Grounds — When  the  coils  are  all  w^ound  in  the  core,  and 
the  bottom  leads  connected  to  the  commutator,  repeat  the 
ground  test  described   for  commutators. 

If  all  the  coils  stand  the  ground  test,  connect  the  top  leads 
to  the  commutator  bars  and  proceed  with  the  following  tests. 
USING    PORTABLE    ARMATURE   TESTING   YOKE    (Pig.   2) 

In  testing  with  this  apparatus,  the  trouble  is  located  by 
two  methods,  one  magnetic,  where  a  thin  piece  of  soft  iron  is 
attracted  and  held  against  the  core  of  the  armature ;  the  other 
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bj'  a  current  sparking  at  the  contact  oT  a  piece  of  iron  short- 
circuiting  adjacent  commutator  bars.  In  making  magnetic 
tests,  the  strongest  pull  will  be  obtained  on  the  test  piece  of 
iron  when  it  is  held  on  the  top  side  of  the  armature  core.  In 
making  sparking  tests  on  the  commutator  surface,  the  best 
flashing  conditions  are  to  be  found  at  a  point  on  the  commu- 
tator in  line  with  the  top  of  the  iron  pole  of  the  testing  yoke. 
All  tests  should  be  made  in  these  locations,  rotating  the  arma- 
ture to  test  all  coils.  Some  tests  require  only  one  of  these 
methods,  while  others  require  a  combination  of  both  methods. 
In  making  routine  tests,  the  armature  core  should  be  placed 
against  the  testing  yoke  with  the  commutator  to  the  right  of 
the  tester,  when  facing  the  armature  and  testing  yoke. 

Reversed  or  Crossed  Leads 

Magnetic — If  four  slots  spaced  about  one  quarter  way 
round  the  surface  of  the  core  arc  magnetized,  this  indicates 
a  probable  short-circuit,  crossed  or  reversed  coil.  Reversed 
leads,  in  effect,  short-circuit  two  coils  in  scries,  located  in  slots 
one  quarter  w'ay  round  the  armature  and  isolate  this  pair  of 
coils  from  the  rest  of  the  winding,  as  shown  in  Fig.  13. 

Sparking — The  commutator  bars  connected  to  coils  in  two 
of  these  slots,  located  diametrically  opposite  to  each  other  will 
give  the  characteristic  yellow  flashing  spark  to  each  adjacent 
bar,  which  indicates  that  they  are  O.  K.  By  sparking  out  the 
commutator  bars   from   the   other  two  slots,   two  bars  will   be 


TKLEPHONE   RECEIVEIt   SET   (Fig.   5) 

In  testing  the  armatures  with  this  outfit,  the  terminals 
from  the  battery  circuit  are  placed  on  the  commutator  bars  as 
shown  in  Fig.  5  or  opened  up  to  one  fourth  way  round  the 
commutator  surface,  and  the  terminals  from  the  telephone 
receiver  are  used  to  test  between  adjacent  commutator  bars 
lying  between  the  terminals  from  the  battery  circuit.  Best  re- 
sults will  be  obtained  from  a  telephone  receiver  wound  for  a 
low  voltage,  approximately  50  to  60  ohms;  however,  the  or- 
dinary telephone  receiver  can  be  used. 

Reversed  or  Crossed  Leads — Medium  toned  sounds  in  the 
receiver  indicate  that  the  coils  are  O.  K.,  while  no  sounds  from 
the  two  sets  of  two  adjacent  pairs  of  commutator  bars  indi- 
cate reversed  or  cross  coils. 

Short-Circuils  between  Coils — No  sounds  from  the  two 
adjacent  commutator  bars  indicates  a  short-circuit  between  the 
leads  or  coils  connected  to  these  bars. 

Short-Circuits  between  Turns  of  a  Single  Coil — A  very 
faint  sound  from  the  two  adjacent  commutator  bars  indicates 
a  short-circuit  between  turns  of  a  coil. 

Open    Circuits — A    loud    sound    from    two    adjacent    com- 
mutator bars  indicates  an  open  circuit. 

BAR-TO-BAB    TESTING    SET    (Fig.    7) 

In  testing  armatures  with  this  outfit,  the  terminals  from 
the   trolley   circuit    (or   a    lower   voltage   circuit,   if   available) 


FIG.    14 — CONDITIONS     IN     AN     ARMATURE     HAVING    TWO    ADJACENT 
LEADS    SHORT-CIRCUITED 

H  =  Less  than  normal   indication,     M  =  Magnetized   Coil. 


-CONDITIONS    IN    AN   ARMATURE    HAVING    AN    OPEN    CIRCUIT 
IN   ONE   COIL 

E  =  Excessive  indication. 


found  at  two  opposite  places  on  the  commutator  that  give  no 
spark  when  short-circuited  to  the  adjacent  bars  on  either  side. 
These  bars  are  connected  to  the  reversed  or  crossed  coils. 

Short-Circuit  betiveen   Coils 

Magnetic — Four  slots,  spaced  about  one-quarter  way 
around  the  core  will  be  magnetized,  the  same  as  for  crossed 
leads,  as  shown  in  Fig.  14. 

Sparking — The  cominutator  bars  connected  to  the  top  coils 
in  two  of  these  slots  diametrically  opposite  will  give  the  char- 
acteristic yellow  flashing  spark,  which  indicates  that  they  are 
O.  K.  By  sparking  out  the  commutator  bars  from  the  other 
two  coils,  two  adjacent  bars  will  be  found  which  show  no 
spark.  The  short-circuited  coils  are  connected  to  these  com- 
mutator bars. 
Short-Circuit   between  Turns  of  Single  Coil 

Magnetic — If  one  slot  only  is  magnetized,  when  the  com- 
mutator is  at  the  right,  this  indicates  that  the  top  coil  in  this 
slot  has  one  or  more  short-circuited  turns. 

Sparking — No  indication   by  this   test. 

Open  Circuits 

Magnetic — No  indication  by  this  test. 

Sparking — Two  adjacent  commutator  bars  will  give  a 
bright  blue  spark.  The  same  condition  will  be  found  on  the 
two  adjacent  commutator  bars  diametrically  opposite.  The 
open  circuit  will  be  in  the  coil  which  is  common  to  the  two 
pairs  of  bars,  as  shown  in  Fig.  15. 


are  placed  on  commutator  bars  as  shown  in  Fig.  7,  approxi- 
mately one-quarter  way  around,  or  they  can  be  placed  closer 
together,  as  shown  in  Fig.  5.  In  order  to  protect  the  voltmeter, 
the  resistance  in  the  main  circuit  should  be  adjusted  to  give 
full  scale  deflection  on  the  voltmeter,  with  an  open  circuit. 
For  this  reason,  it  may  be  advisable  to  use  a  higher  range 
meter  instead  of  the  customary  millivoltmeter;  however,  when 
this  is  done,  a  much  smaller  deflection  is  given  while  making 
the  test  observations. 

Reversed  or  Crossed  Coils — A  medium  deflection  on  the 
voltmeter  indicates  that  coils  are  O.  K.  while  no  deflection 
from  the  two  sets  of  two  adjacent  pairs  of  commutator  bars 
indicates  a  reversed  or  crossed  coil. 

Short-Circuit  between  Coils — No  deflection  of  the  volt- 
meter indicates  a  short-circuit. 

Short-Circuit  between  Turns  of  a  Single  Coil — A  relatively 
small  deflection  of  the  voltmeter  indicates  a  short-circuit  be- 
tween the  turns  of  a  coil. 

Open  Circuits — A  full  scale  deflection  indicates  an  open 
circuit. 

NEW    CENTURY    TESTER    (Fig.    6) 

By  the  use  of  a  special  set  of  terminal  attachments  sup- 
plied with  this  outfit,  all  of  the  above  tests  can  be  made  on  a 
completely  wound  armature,  which  gives  results  the  same  as 
outlined  when  using  the  telephone  receiver  set. 

J.  S.  Dean. 
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1696 — Three-Phase  Motors  Opekating 
On  Single-Phase  Circuits  —  A 
system  of  operating  three-phase  mo- 
tors on  single-phase  supply  systems 
has  recently  come  to  our  notice.  In 
practice  this  method  seems  to  operate 
satisfactorily  but  we  are  not  at  all  sat- 
isfied as  to  its  efficiency.  We  would 
like  to  know  particularly  the  influence 
this  method  would  have  on  the  power- 
factor,  also  the  probable  overall  ef- 
ficiency, taking  into  consideration 
transformer  losses.  Also  please  ad- 
vise the  respective  voltages  of  the 
single-phase  supply  and  the  three- 
phase  motor.  In  this  method  of  con- 
trol, one  motor,  usually  the  largest,  is 
provided  with  special  devices  for 
starting  up,  and  then,  by  making  use 
of  the  three-phase  currents  set  up  by 
the  interaction  of  the  rotor  current 
and  the  stator  windings,  the  other  mo- 


FlGS.    1696(a)    AND    (b) 

tors  are  started  up  as  three-phase  mo- 
tors, although  running  on  single-phase. 
The  motor  with  the  special  starting 
device  thus  becomes  the  "master" 
motor  of  the  system.  Although  not 
so  convenient  for  starting  purposes  as 
three-phase  yet  it  is  possible  with  very 
little  complication  to  arrange  three- 
phase  motors  to  be  started  as  readily 
on  single-phase  circuits  as  on  three- 
phase.  In  order  to  do  this  the  stator 
of  a  three-phase  motor  should  be 
mesh  connected,  while  the  rotor 
should  also  be  wound  with  a  three- 
phase  winding.  Under  these  con- 
ditions, if  a  single-phase  circuit  be 
connected  to  two  "corners"  of  the 
stator  winding  and  the  third  corner  be 


connected  to  the  junction  between  a 
properly  designed  choking  coil  and  re- 
sistance, a  phase  displacement  takes 
place  which  enables  tlie  motor  to  start 
and  run  up  to  speed  as  the  resistance 
is  cut  out  of  the  rotor  circuit.  In  Fig. 
(a)  an  alternating-current  supply  is 
connected  to  the  end  leads  of  the 
primary  of  a  transformer  while  the 
middle  point  of  the  primary  winding 
is  connected  to  the  junction  of  an  in- 
ductive and  a  non-inductive  resis- 
tance through  switch  S2 :  the  "phase 
splitter"  as  it  is  called,  being  connected 
across  the  mains  by  switch  Si.  At 
starting  both  switches.  Si  and  S-,  are 
in  and  a  phase  displacement  takes 
place,  enabling  the  motor  to  start  up. 
The  switches  are  then  opened  and  the 
motor  continues  to  run  as  a  three- 
phase  machine,  although  supplied  with 
single-phase.  The  reaction  of  the 
current  in  the  rotor  on  the  stator  when 
running  induces  an  e.m.f.  in  the  por- 
tion marked  BC,  so  that  if  other  mo- 
tors are  suitably  connected  to  this 
motor  they  can  be  started  as  three- 
phase  motors,  providing  that  the  mo- 
tor already  running  has  sufficient  ca- 
pacity. Where  more  than  one  motor 
has  the  special  starting  device,  the 
first  motor  started  becomes  the  master 
motor,  and  it  is  not  necessary  to  use 
the  phase  splitter  for  the  other  mo- 
tors since  they  can  be  started  up 
readily  when  the  master  motor  is  run- 
ning. When  motors  are  fairly  close 
together,  the  connections  can  be  so  ar- 
ranged that  by  using  only  one  phase 
splitter  any  motor  can  be  used  as  the 
master  motor  for  the  others.  This  is 
illustrated  in  Fig.  (b)  where  the  phase 
splitter  is  shown  permanently  con- 
nected in,  but  can  by  suitable  switches, 
be  cut  out  of  operation  once  a  master 
is  started  up.  In  Fig.  (b)  three  mo- 
tors are  shown,  each  being  of  the  slip 
ring  type,  but  squirrel-cage  motors 
can  be  operated  equally  as  well  except 
that  a  starting  compensator  becomes 
necessary  in  order  to  cut  down  the 
current  at  starting  in  the  case  of  mo- 
tors above  five  horse-power.  Where 
motors  are  fairly  heavily  loaded,  care 
has  to  be  exercised  to  avoid  pulling 
those  running  out  of  step  when  start- 
ing larger  ones,  but  as  a  general  rule 
there  is  very  little  trouble  experienced 
with  the  system. 

w.m.b.(New  Zealand) 
The  system  described  dates  back  in  its 
conception  to  1893-9S,  when  there  was  an 
extended  discussion  in  the  technical 
press  of  the  characteristics  of  single  and 
polyphase  circuits  and  apparatus  and  the 
possibility  of  operating  one  from  the 
other.  It  was  at  that  time  that  the  so 
called  "monocyclic"  system  was  ad- 
vanced as  a  means  to  this  end.  Among 
other  possibilities  as  brought  out  at  that 
time  is  the  one  mentioned  in  this 
question — that  it  is  possible  to  obtain  a 
polyphase  current  from  the  windings  of 
a    polyphase    induction    motor   operating 


from  a  single-phase  circuit.  Very  little 
use  has  been  made  of  this  idea  in  the 
United  States  except  in  connection  with 
railway  work.  This  system,  however, 
should  give  entirely  satisfactory  results 
in  industrial  work  with  regard  to  ser- 
vice, power-factor,  efficiency  etc.,  if  the 
motors  are  chosen  of  proper  size. 
A  brief  discussion  of  the  starting 
and  running  conditions  may  be  of  as- 
sistance in  bringing  out  the  points  to  be 
considered  and  in  pointing  out  the 
proper  field  of  application  for  this 
system. 

Starting  Conditions — The  starting  of 
the  first  or  so  called  master  motor  from 
a  single-phase  line  by  means  of  a  phase 
splitter  is  of  course  subject  to  the  handi- 
caps of  this  well  known  starting  method, 
namely  relatively  low  starting  torque 
accompanied  by  rather  large  starting 
currents.  Therefore  a  motor  requiring 
small  starting  torque  should  be  chosen 
as  master  motor.  The  starting  con- 
ditions of  the  next  motor  are  consider- 
ably better  and  more  closely  approach 
those  of  a  polyphase  motor,  the  larger 
the  master  motor  relative  to  the  motor  to 
be  started;  the  starting  conditions  for 
the  third  motor  are  again  better,  etc.  It 
thus  follows  that  the  master  motor 
should  be  chosen  as  large  as  possible; 
also  that  the  smallest  motors  as  well  as 
such  motors  as  require  a  relatively 
large  starting  torque  should  be  prefer- 
ably started  last.  In  fact  the  princi- 
pal advantage  of  the  system  is  that  it 
permits  the  starting  of  some  of  the  mo- 
tors with  better  starting  conditions  than 
could  be  obtained  if  the  pure  split  phase 
method  of  starting  were  used  for  all  of 
them.  Thus  if  all  the  motors  are  alike 
and  start  with  the  same  load,  there  is 
not  much  to  be  gained  by  the  system, 
unless  an  extra,  light  running  motor  is 
provided  which  is  started  first  and  then 
merely  serves  as  a  phase  converter  for 
the  other  motors. 

Rtmning  Conditions  —  The  running 
conditions  of  the  motors  are  entirely 
governed  by  their  relative  internal  drops, 
which  in  turn  are  principally  governed 
by  their  relative  size,  load  and  speed; 
the  internal  drops  are  usually  the  larger, 
the  smaller  the  motor,  the  heavier  it  is 
loaded,  and  the  lower  its  synchronous 
speed.  If  the  motors  are  all  alike  and 
loaded  alike  the  drops  are  alike  and  they 
will  simply  run  as  single-phase  motors; 
tbe  third  leads,  while  interconnected, 
will  carry  no  currents.  Therefore  all 
the  motors  will  have  to  be  large  enough 
to  carry  their  load  as  single-phase  in- 
duction motors ;  their  power-factor  and 
efficiency  are  the  same  as  if  they  were 
independently  operated  single-phase.  In 
other  words,  the  interconnection  of  the 
third  terminals  does  not  affect  the  opera- 
tion at  all.  If  the  internal  drops  are 
different  on  account  of  different  size, 
speed  or  load  of  the  motors,  the  motors 
with  the  smaller  drop  will  supply  cur- 
rent from  their  third  terminal  to  that 
of  the  other  motors.       The  motors   re- 
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ceiving  such  current  thus  operate  partly 
polyphase,  which  naturally  improves 
their  heating  conditions,  efficiency  and 
power-factor.  At  the  same  time  the 
motors  furnishing  such  current  will  have 
increased  heating,  reduced  efficiency  etc., 
because  they  serve  the  double  purpose  of 
motor  and  of  phase  converter.  In 
practice  this  means  that  it  is  necessary 
to  increase  the  size  of  the  larger  motors 
and  the  high  speed  motors,  while  the 
size  of  the  smaller  motors  and  low-speed 
motors  may  be  reduced.  The  resultant 
gain  over  straight  single-phase  opera- 
tion is  usually  of  no  great  importance.  If 
there  are  few  large,  high-speed  motors 
and  many  small,  low-speed  motors,  the 
total  first  cost  of  motors  may  be  ap- 
preciably smaller  than  with  straight 
siiigle-phase  running  and  the  overall  ef- 
ficiency may  be  slightly  improved. 
Under  no  conditions  will  the  first  cost, 
efficiency  or  power-factor  of  the  motors, 
compare  favorably  with  pure  polyphase 
operation.  As  a  rule  the  use  of  the 
system  is  therefore  not  justified  unless 
it  is  very  expensive  and  inconvenient  to 
obtain  polyphase  power  otherwise,  as 
may  be  the  case  in  connection  with 
single-phase  railways  and  possibly  under 
a  few  other  special  local  conditions. 
For  this  reason  the  system  has  not  been 
used  on  a  large  scale  except  in  con- 
nection with  electric  railroads  where 
one  machine  running  light  is  used  for 
phase  converting  purposes  only,  to  sup- 
ply polyphase  current  for  a  number  of 
motors.  Such  systems  as  are  actually 
operating  are  described  in  Journal  ar- 
ticles on  "Single-phase  Loads  from 
Polyphase  Systems"  by  B.  G.  Lamme, 
June  1915,  p.  261  ;  "The  Field  of  Ap- 
plication of  Phase  Converter  Locomo- 
tives," by  R.  E.  Hellmund,  October  1915, 
p.  462,  and  "The  Split-Phase  Locomo- 
tive of  the  Pennsylvania  Railroad  by  G. 
M.  Eaton  and  A.  J.  Hall,  October  1917, 
p.  406.  Theoretical  papers  on  the  sub- 
ject are  found  in  the  April  1918  Pro- 
ceedings A.  I.  E.  E.  by  R.  E.  Hellmund 
and  in  the  June  1918  Proceedings  A.  I 
E.  E.,  by  C.  Fortescue.  These  papers 
show  clearly  that  the  question  of  the 
polyphase  voltage  determination  is  a 
rather  complex  problem  and  cannot  be 
answered  briefly.  Unless  special  bal- 
ancing arrangements  are  used  the  poly- 
phase voltages  are  unbalanced,  with  at 
least  one  of  the  voltages  from  the  third 
terminal  to  the  line  being  appreciably 
smaller  than  the  line  voltage.  r.e.h. 

1697 — Monocyclic  System  —  With  the 
monocyclic  system  of  generating  and 
distribution  (see  Renders  Handbook 
p.  368)  what  is  the  angle  of  phase  of 
currents  going  out  the  mains,  the  ca- 
pacity of  transformers  and  the  angle 
of  phase   diflference  of  currents    from 


The  monocyclic  system  of  generation 
was  essentially  single-phase  in  so  far  as 
the  greater  percentage  of  the  load  was 
concerned.  In  order  to  obtain  a  poly- 
phase circuit  for  use  where  such  power 
is  desirable,  a  teaser  winding  was  added 
to  the  armature.  In  some  cases  this 
winding  was  of  such  a  value  as  to  give  a 
balanced  three-phase  voltage  so  that  in 
such  cases  the  angle  of  the  phase  of  the 
current  would  be  120  degrees  between 
phases  corresponding  to  the  normal 
three-phase  system ;  the  phase  current 
would,  of  course,  be  affected  where  there 
was  a  combination  of  single-phase  and 
polyphase  loads.  This  is  indicated  in 
the  vector  diagram  given  in  Fig.  (c). 

F.C.H. 

1698 — Current  Measurement  —  Please 
explain  (with  diagram)  how  may  the 
current  of  the  individual  phases  of  a 
three-phase,  delta-connected  system 
be  measured  by  the  use  of  only  two 
current  transformers.       j  i.D.    (cailf.) 


have  been  properly  phased  out,  only 
one  set  of  lights  in  one  of  the  phases 
is  required.  The  speed  of  the  prime 
mover  is  adjusted  until  the  beat  of  the 
lights   is  very  slow.        When   the  lights 


Figs.  1697(a),  (b)  and  (c) 

the  secondaries  of  these  transformers 
when  a  three-phase  motor  is  operated 
from  this  system.  Please  explain  by 
means   of   vector   diagrams. 

E.M.    (N.Y.) 


Fig.  1698(a) 


One  of  the  characteristics  of  the 
three-phase  circuit  is  that  the  sum  of 
all  the  currents  must  equal  zero.  Con- 
sequently, if  connected  as  shown  in 
Fig.  (a),  ammeter  A  will  measure  the 
current  in  line  A,  ammeter  C  will 
measure  the  current  in  line  C  and  am- 
meter B  will  measure  the  sum  of  cur- 
rents A  and  C  which  is  equal  to  the  cur- 
rent in  line  B.  r.t.p. 

1699 — Parallel  Operation — Will  you 
please  state  the  method  of  phasing  out 
two  alternating-current  generators  for 
parallel  operation,  giving  methods 
suitable  for  small  plants  with  limited 
equipment.  g.t.k.    (Alberta) 

The  conditions  necessary  for  paral- 
leling two  alternating-current  machines 
are  approximately  equal  and  opposite 
voltages  of  the  same  frequency.  That 
is,  the  voltages  are  opposite  in  the  local 
circuit  made  up  of  the  two  generators. 
They  are  of  course  in  the  same  direction 
and  phase  in  relation  to  the  external  load 
circuit.  The  machine  should  be  brought 
as  near  as  possible  to  the  correct  speed 
and  the  voltage  of  the  incoming  machine 
made  slightly  higher  than  that  of  the 
loaded  machine,  or  bus-bars.  To  ascer- 
tain whether  or  not  the  voltages  of  the 
machines  are  opposite,  connect  lamps  be- 
tween the  incoming  machine  and  the 
bus-bars,  as  shown  in  Fig.  (a),  in  two 
of  the  phases.  B  and  C.  Enough  lamps 
should  be  placed  in  series  across  each 
of  the  switches  to  withstand  twice  the 
normal  voltages  of  the  machines.  Thus, 
if  the  normal  voltage  is  no  volts,  the 
lamps  must  be  able  to  withstand  220 
volts.  Close  the  switch  across  which 
there  are  no  lamps  or  A,  and  if  both 
lamps  are  light  or  dark  at  the  same  time, 
the  machines  are  connected  correctly;  if 
not,  two  of  the  leads  of  the  machine  must 
be  interchanged.  After  the  machines 
are  once  phased  out  in  this  manner,  they 
will  always  be  connected  correctly  if 
the  field  or  the  direction  of  rotation  of 
a  machine  is  not  reversed.  To  indi- 
cate   synchronism     after    the    machines 


Fig.  1699(a) 

are  at  the  middle  of  the  period  of 
darkness,  the  switches  B  and  C  are 
closed,  and  the  machines  are  in  paral- 
lel. To  make  the  machine  take  more 
load,  try  to  speed  up  the  prime  mover. 
If  the  machine  is  single-phase,  it  is  not 
necessary  to  phase  out.  Adjust  the 
voltage  to  about  the  right  value,  with 
phase  lights  in  one  line  and  close  the 
other  line  through  the  switch.  When 
the  lights  are  at  the  middle  of  the  period 
of  darkness,  close  the  second  switch  and 
the  machine  is  parallel.  c.R.c. 

1700 — Fan  Motors — I  have  a  number  of 
220  volt  direct-current  on  the  re- 
which  it  is  desired  to  work  on  no 
volts  alternating-current  on  the  re- 
pulsion motor  principle;  what  sort  of 
change  is  it  necessary  to  make  to  the 
field  coils  after  the  commutator  has 
been  short-circuited? 

A.U.    (MEXICO) 

A  series  motor  originally  designed 
for  direct-current  service  cannot  be  run 
satisfactorily  as  an  induction  repulsion 
motor  unless  it  has  a  field  similar  to 
those  used  on  standard  squirrel-cage 
motors.  The  ordinary  series  fan  motor 
has  two  poles  and  its  field  iron  does  not 
provide  any  path  for  the  cross  flux  nec- 
essary in  a  single-phase  motor.  More- 
over, it  must  be  remembered  that  the 
synchronous  speed  which  depends  upon 
the  number  of  poles  would  be  3600  r.p.m. 
for  60  cycles.  It  should  also  be  noted 
that  many  direct-current  fan  motors  are 
made  with  cast-iron  poles,  and  are  there- 
fore not  suitable  for  use  on  alternating- 
current  circuits.  o.f.r. 

1701 — -Parallel  Operation  or  Synchro- 
nous Motor  Sets — Three  synchronous 
motor-generator  sets  are  in  parallel. 
The  motors  are  three-phase,  25  cycle, 
2300  volts,  with  capacities  of  1200  kw, 
1200  kw,  and  3250  kw.  The  genera- 
tors are  60  cycle,  two  of  them  are 
two-phase  2400  volts,  1400  k.v.a.  at 
75  per  cent  P-F;  the  third  is  three- 
phase,  12000  volts  3650  k.v.a.  at  55 
percent  P-F.  A  Scott  connected 
transformer  bank  of  3000  k.v.a.  ca- 
pacity interconnects  /  and  2  with  j 
for  parallel  operation.  The  excita- 
tion of  the  sets  is  as  follows;  —  the 
generators  of  all  these  units  are  under 
the  influence  of  a  Tirril  regulator 
The  field  of  No.  3  motor  is  under 
the  influence  of  the  regulator,  while 
the  other  two  motors  are  not.  A 
4/0  three-conductor  1x500  volt,  25 
cycle  lead  covered,  underground  ca- 
ble developed  trouble  causing  a  dis- 
turbance to  the  25  cycle  system. 
The  cable  cleared  by  selective  re- 
lay action  in  1.5  seconds.  The 
25  cycle  system  voltage,  however,  was 
kept  down  to  70  percent  normal  until 
the  motor-generator  sets  above  men- 
tioned were  manually  disconnected 
from  the  system,  which  was  approxi- 
mately   twenty    seconds.        It    is    as- 
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sumed  that  there  was  a  phase  dis- 
placement either  in  the  generator  or 
motors.  Is  it  possible  to  have  such 
an  angular  displacement  so  that  the 
motors  will  draw  between  200  and 
300  percent  load  curent  without  falling 
out  of  step  with  the  system?  Does 
the  difiference  in  the  excitation  of  the 
motors  give  grounds  for  such  an  oc- 
currence. The  units  are  located  in  a 
substation  15  miles  from  source  of 
supply — a  hydroelectric  plant  of 
80  000  kw.  capacity.  The  transmis- 
sion voltage  is  60,000  volts. 

c.w.c.  (p.\.) 
It  is  probable  that  the  short-circuit 
which  occurred  on  the  25-cycle  system 
caused  a  considerable  lowering  of  the 
voltage,  due  to  excessive  line  drop,  and 
this  decreased  voltage  allowed  the  syn- 
chronous motors  to  fall  out  of  step  with 
the  line.  By  the  time  the  short-circuit 
was  removed,  the  motors  were  running 
at  somewhat  less  than  synchronous 
speed,  and  although  the  voltage  rose  to 
70  percent  of  its  normal  value,  it  was 
not  sufficient  to  cause  them  to  pull  into 
step,  since  they  were  still  carrying 
their  original  load.  Under  this  con- 
dition, with  the  motors  operating  as  in- 
duction motors,  they  drew  an  excessive 
current,  which  in  turn  was  the  reason 
that  the  voltage  was  not  restored  to 
normal  until  the  motor  switches  were 
opened.  It  is  improbable  that  any  one 
of  the  machines  got  out  of  step  with 
the  others,  since  any  tendency  to  do  so 
would  be  immediately  counteracted  by 
a  flow  of  current  between  the  machine  in 
parallel.  The  fact  that  both  the  motors 
and  the  generators  were  paralleled 
makes  this  more  certain.  q.g. 

1702 — Scott      Transformation      With 

AUTOTRANSFDRMERS    —    We       wish       tO 

transform  75  kw  from  2-phase  2300 
volts  to  3-phase  2300  volts.  I  under- 
stand that  this  can  be  done  by  the 
straight  Scott  transformation  method. 
Would  it  not  be  possible,  however,  to 
combine  the  autotransformation  prin- 


slightly  less  than  seven  percent.  Auto- 
transformers  may  also  be  used  to  step 
from  two-phase  to  three-phase  with  a 
difference  in  voltage.  In  this  case  the 
size  of  the  transformers  will  depend  on 
the  voltage  ratio,  as  discussed  in  the 
article  by  Mr.  E.  G.  Reed  on  "Auto- 
transformers"  in  the  Journal  for 
March  1916,  p.  150.  j.b.g. 

1703  —  RE  147s  (July,  '17)  —  In  ques- 
tion No.  1475,  on  the  Tirrill  regula- 
tor, the  series  transformers  are  cross 
connected.  Why  is  it  that  these 
transformers  are  not  short-circuited 
through  themselves  ?  With  the  con- 
nections shown  an  ammeter  connected 
in  one  of  the  leads  would  show  1.73 
times  current  of  one  transformer, 

E.G.M.  (n.y.) 
(a)  In  a  series  transformer  the  pri- 
mary and  secondary  ampere-turns  bal- 
ance each  other  i.  e.  for  every  primary 
current  there  is  always  a  proportional 
secondary  current  and  this  current  must 
flow  through  any  circuit  available.  If  no 
circuit  is  available  (open  secondary) 
the  transformer  generates  a  danger- 
ously high  voltage  in  its  effort  to  force 
a  curent.  If  several  series  transformers 
are  interconnected  the  current  from  one 
transformer  cannot  force  its  way 
through  the  secondary  of  another  trans- 
former for  this  would  destroy  the 
equality  in  primary  and  secondary  am- 
pere-turns. The  impedance  of  a  series 
transformer  secondary  is  so  high  as  to 
amount  to  an  open  circuit  for  any  cur- 
rent other  than  its  own  secondary  cur- 
rent. Hence  one  transformer  cannot 
feed  back  through  or  short-circuit 
another  unless  they  are  in  phase.  (b) 
The  current  in  the  resultant  curcuit  of 
the  series  transformers  is  1.73  times  the 
current  in  one  transformer.  c.a.b. 

1704 — Exciter  Windings — A  125  volt, 
2S3.3  ampere  steam  turbine  exciter, 
has  four  poles  with  commutating  pole 


Fig.   1702(a) 


ciple  in  conjunction  with  the  Scott 
transformation?  If  this  latter  can 
be  done,  it  would  appear  that  consid- 
erable saving  in  first  cost  of  trans- 
former's should  be  brought  about. 
Will  you  kindly  give  a  sketch  of  how 
this  connection  should  be  made,  and 
indicate  approximately  the  saving,  if 
any,  in  iron  and  copper  by  using  the 
autotransformation  principle'. 

L.H.R  (pa.) 
Autotransformers  are  frequently  em- 
ployed for  stepping  from  two-phase  to 
three-phase  or  vice  versa.  The  con- 
nections for  this  transformation  are 
shown  diagrammatically  in  Fig.  (a).  In 
the  case  of  a  i  to  1  voltage  ratio  the 
"main"  autotransformer  is  built  in  parts 
corresponding  to  slightly  less  than  15 
percent  of  the  total  power  handled  and 
the  "teazer"     autotransformer     in  parts 


coils  to  become  loose.  Trouble  of  this 
sort  in  some  cases  has  been  traced  to  a 
slight  movement  of  the  commutator 
spider  or  armature  spider  on  the  shaft. 
A  common  cause  of  leads  coming 
loose  where  they  connect  to  the  commu- 
tator necks  is  improper  soldering.  In 
making  such  connections,  the  coils  leads 
and  commutator  necks  should  first  be 
tinned ;  then  after  wedging  the  coils 
ends  in  position  with  wooden  wedges, 
the  joints  can  be  soldered,  using  half- 
and-half  solder,  and  a  mixture  of  alco- 
hol and  resin  for  flux.  In  cutting  out 
an  injured  coils  with  a  jumper,  a  piece 
of  copper  wedged  between  the  two  ad- 
jacent commutator  necks  may  be  used. 
These  two  necks  must  be  a  pair,  having 
the  injured  coil  as  one  of  the  two  coils 
in  series  between  them.  Cutting  out  a 
coil  in  this  way  is  not  particularly  de- 
sirable on  account  of  the  additional 
heating  and  poor  commutation  that  re- 
sults. F.L.M. 

1705 — Testing  Transformer  For  Di- 
rect-Current Armatures  :  —  Please 
give  me  complete  information  with 
regard  to  size  of  wire,  size  of  iron 
core,  etc.,  of  an  armature  testing 
transformer  to  work  on  440  volts.  25 
cycles,  three-phase.  It  must  be  strong 
enough  to  test  direct-current  arma- 
tures from  0.5  to  150  horse-power.  I 
would  like  to  make  it  strong  enough 
to  make  a  "short"  or  a  "ground"  show 
up  at  once.  a.a.k.  (ill.) 

The  size  of  iron  core  and  size  of  wire 
to  be  used  for  short-circuit  testing  de- 
vice will  depend  on  the  size  of  arma- 
ture to  be  tested,  the  frequency  of  sup- 
ply and  the  k.v.a.  that  can  be  supplied 
to  the  device.  To  make  it  strong 
enough  to  show  up  short-circuits  at  once 
it  must  be  designed  for  as  high  voltage 
per  turn  as  possible.  This  means  that 
the  total  flux  passing  through  the  arma- 
ture coil  must  be  the  maximum  possible. 
The  built  up  length  of  iron  in  the  test 


Fig.   1705  (a) 


fields.  The  armature  has  57  slots. 
The  throw  of  the  coils  in  the  slots 
is  I-IS  and  the  leads  on  the  commu- 
tator are  1-29.  The  coils  come  un- 
soldered on  the  commutator  connec- 
tions quite  often  and  break  off  which 
means  take  the  machine  apart  for  re- 
pairs. Is  there  some  way  a  jumper 
can  be  put  around  these  coils  to  cut 
them  out,  but  not  spoil  the  coils  so 
they  can  be  repaired  again? 

E.M.D.  (wash.) 
The  breaking  of  leads  to  the  commu- 
tator may  be  due  either  to  excessive 
heating,  caused  by  faulty  joints  or  to 
continual  vibration,  even  of  the  slightest 
amount.  Vibration  may  be  the  result 
of  not  applying  bands  tightly,  or  of  in- 
sulation   shrinkage,    which    allows    the 


device  should  be  as  long  as  the  built  up 
iron  in  the  armature,  and  the  number 
of  turns  made  as  small  as  possible. 
However,  the  smaller  the  number  of 
turns,  the  greater  the  current  drawn 
from  the  line  will  be.  The  flux  in  the 
iron  circuit  of  both  testing  device  and 
armature  can  be  made  90  000  to  100  000 
lines  per  sq.  in.  (maximum)  in  the  nar- 
rowest portions.  The  ampere-turns  per 
inch  length  of  magnetic  circuit  in  the 
usual  laminated  iron  circuit  should  not 
exceed  sixty  (60)  at  this  flux  density. 
The  ampere-turns  taken  by  the  air-gap 
between  the  testing  device  and  the  arma- 
ture can  be  estimated  from  the  formula. 
C  B 

Ampere  turns  = ~ 

4-5 

Where  G  ^=  length  of  airgap  in  inches 
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and  B  =z  llux  densily  in  lines  per  sq.  in. 
(maximnin). 

With  the  above  data  and  the  usual 
transformer  formulae  which  can  be  ob- 
tained from  text  books,  there  should 
be  no  difficulty  in  working  up  a  suit- 
able design.  If  the  iron  circuit  of  the 
testing  device  is  made  to  conform 
closely  to  the  armature,  the  air-gap  can 
be  made  small,  but  if  it  is  made  to  fit 
a  large  range  of  sizes  the  area  of  con- 
tact will  be  small  for  some  sizes  and 
the  eflfective  air-gap  of  considerable 
value.  Probably  taps  on  the  winding 
would  be  desirable  to  give  some  control 
over  the  current  drawn  from  the  line 
for  dififerent  armatures.  The  size  of 
copper  used  should  be  about  rooo  circ. 
mils  per  ampere.  This  will  depend 
somewhat  upon  the  radiation  constants 
of  the  design  and  the  length  of  time  it 
is  to  be  kept  in  service.  If  the  service 
is  less  than  one-half  the  elapsed  time 
in  intervals  of  not  over  one-half  hour 
the  size  of  wire  can  probably  be  reduced. 
While  it  is  contrary  to  the  usual  JouR- 
N.\L  policy  to  furnish  specific  designs, 
a  typical  design  will  be  given  in  this 
case  for  an  example.  The  shape  of 
punching  for  a  testing  device  suitable 
for  armatures  from  3.5  in.  minimum 
diameters,  up  to  12  in.  maximum  di- 
ameters, is  shown  in  Fig.  (a).  The 
punchings  are  built  up  to  a  height  of 
5.5  in.  giving  a  total  weight  of  iron  in 
the  magnetic  circuit  of  approximately 
2y  pounds.  Plates  of  heavier  material 
will  be  needed  on  each  end  to  hold  the 
laminations  together,  a  satisfactory  form 
of  end  plate  being  also  shown  in  Fig. 
(a).  The  windings  for  440  volts,  25  cy- 
cles would  consist  of  576  turns  of  num- 
ber 14  double  cotton  covered  wire,  repre- 
senting a  net  weight  of  approximately 
13  pounds.  The  exciting  k.v.a.  with 
such  a  transformer  without  an  armature 
in  the  air-gap  will  be  of  the  order  of 
4.5  k.v.a.  The  exciting  k.v.a.  with  an 
armature  in  place  will  depend  to  a  large 
extent  upon  the  area  of  contact  and 
will  be  of  the  order  of  1.5  k.v.a. 

W.R.W. 

1706 — Par.^llel  Operation  of  Alterna- 
tor:— Two  alternators,  one  of  150  kw 
capacity  and  the  other  of  225  kw  ca- 
pacity are  run  in  parallel.  Their  ex- 
citers are  not  paralleled  and  the 
larger  one  is  controlled  by  a  Tirrill 
regulator.  The  exciter  voltage  of  the 
150  kw  machine  remains  at  52  volts, 
that  of  the  225  kw  machine  varies  on 
account  of  the  regulator  from  52  to 
135.  Under  these  conditions  what 
kind  of  service  can  be  expected  under 
severe     overloads?  The   totalizing 

ammeter  indicates  130  amperes  and 
the  small  alternator  ammeter  indi- 
cates 40  amperes.  There  is  no  am- 
meter on  the  large  alternator.  Is  it 
possible  for  the  small  generator  not 
to  take  its  share  of  the  load  when 
there  is  a  large  load  on  the  line.  The 
difference  in  exciter  voltages  would 
indicate  a  large  cross  current  but  the 
ammeter  does  not  indicate  it.  When 
there  is  a  difference  of  25  volts  be- 
tween exciters  on  no  load  there  is  a 
cross  current  of  40  amperes.  The 
load  is  440  volt  induction  motors  but 
we  have  only  250  to  300  volts  when 
the  heavy  load  is  on.  Will  this  load 
have  a  lower  power-factor  than  mo- 
tors with  suitable  voltage?  Which 
alternator  if  either  (the  under-excited 
or  over  excited)  will  take  the  wattless 
load?      Is  it  true  that  the  small  alter- 


nator will  take  a  power  load  even 
though  under  excited,  due  to  the  fact 
that  the  prime  motor  attempts  to  run 
at  a  lixed  speed  but  the  alternator  is 
held  back  by  the  225  kw  machine,  it 
running  slower  on  acount  of  heavy 
load.  j.H.B. 

The  energy  load  which  each  generator 
carries  is  not  inlluenced  by  its  excita- 
tion, but  depends  upon  the  setting  of 
the  prime  mover  governors.  The  ma- 
chine which  has  its  excitation  increased 
takes  the  greater  part  of  the  wattless 
load.  The  full-load  voltage  could  be 
improved  by  raising  the  exciter  voltage 
of  the  small  machine  to  considerably 
above  52  volts.  This  will  mean  that  the 
small  machine  is  over  excited  at  no-load 
and  there  will  be  a  current  flowing  be- 
tween the  two  generators.  It  will  not  be 
a  serious  matter,  as  compared  with  the 
present  condition  at  full  load,  provided 
the  cross  current  is  not  too  great.  The 
increase  in  exciter  voltage  may  be  made 
such  as  to  give  the  best  compromise  be- 
tween full  load  and  no-load  operation. 
The  power- factor  of  a  440  volt  induction 
motor  when  operated  at  from  250  to  300 
volts  may  be  practically  the  same  or  even 
slightly  higher  than  when  operated  at 
normal  voltage.  However,  it  is  highly 
undesirable  to  operate  a  motor  at  this  re- 
duced voltage  since  it  takes  a  much 
higher  current,  resulting  in  higher  losses 
and  increased  temperature,  and  since 
its  speed  is  decreased  slightly  and  its 
ability  to  carry  overloads  is  greatly  re- 
duced. For  a  discussion  of  the  exact 
effect  of  operating  induction  motors  on 
lower  than  rated  voltage,  see  article  on 
"Effect  of  Voltage  or  Frequency  Vari- 
ation on  Induction  Motor  Characteris- 
tics", by  L.  W.  Smith  in  the  Journal 
for  March  1917,  p.  105,  also  questions 
1076,  1493,  1517  and  1528.  Q.G. 

1707 — Blasting  Battery  —  We  have  a 
three-pole  blasting  battery  which  is 
giving  us  some  trouble  with  missed 
holes.  It  is  a  50  hole  battery  25  each 
way  from  the  center  connection.  In 
operating,  the  plunger  rotates  the  ar- 
mature and  when  it  gets  near  the 
bottom  it  opens  the  upper  contact  of 
the  switch  by  forcing  the  spring 
down  until  it  touches  the  lower  con- 
tact of  the  switch.  The  distance  be- 
tween contacts  is  about  one-half  inch. 
I  do  not  under  stand  how  the  genera- 
tor is  excited  after  the  upper  con- 
tact is  broken.  In  any  case  would 
there  not  be  considerable  interval  be- 
tween explosions?  j.c.H.  (can.) 
When  the  upper  contact  is  closed,  the 

series    generator    which    is    then    short- 


r 

Fig.  1707(a) 

circuited,  builds  up  very  rapidly.  When 
the  upper  contact  is  opened,  current  is 
sent  through  the  circuit  EABD  and 
25  holes  are  fired.  After  the  first  25 
holes  are  fired  and  before  the  lower  con- 
tact is  closed  the  generator  is  on  open 
circuit,  but  owing  to  the  magnetic  lag 
of  the  field  the  machine  continues  to  run 


while  the  plunger  forces  the  spring  from 
the  upper  to  the  lower  contact.  When 
the  lower  contact  is  closed  current  is 
sent  through  the  circuit  ECBD,  and  the 
remaining  25  holes  are  fired.  If  the 
contacts  are  properly  located  the  time 
between  explosions  will  be  very  short, 
since  the  time  interval  is  due  to  chang- 
ing from  the  upper  to  the  lower  contact. 
The  missed  holes  may  be  due  to  poor 
brush  contact  or  improper  spacing  of 
contacts.  h.e.d. 

1708  —  Hoist  Motor  —  We  are  having 
trouble  with  an  electric  hoist  of  two 
tons  capacity.  The  motor  is  1.75  hp, 
220  volts,  direct-current  series  wound. 
The  hoist  is  used  in  foundry  work. 
The  trouble  is  that  it  hoists  and  lowers 
too  fast.  We  changed  the  1350  r.p.m. 
motor  for  an  850  r.p.m.  motor,  but 
this  was  still  too  fast.  We  have 
tried  reducing  the  voltage  and  also 
putting  more  resistance  in  the  circuit, 
but  that  does  not  reduce  the  speed 
enough.  About  eight  feet  per  minute 
is  the  lowest  speed  we  can  get.  What 
is  the  lowest  speed  at  which  this 
motor  should  run  under  load? 
Would  a  compound  motor  with  a 
heavy  series  winding  be  any  better? 

H.D.  (mich.) 
The     hoist     motor    on  this     crane     is 
probably  operated  by  a   drum  type   re- 
versing switch,  this  switch  providing  no 
control   points.  If   such   is   the   case, 

the  motor  speed  and  therefore  the  hook 
speed  would  vary  with  the  load.  If  the 
loads  to  be  handled  are  fairly  uniform 
in  weight,  there  is  no  reason  why  the 
motor  speed  cannot  be  reduced  by  means 
of  a  permanent  resistance.  Sufficient 
resistance  can  be  put  in  series  with  the 
motor  to  give  the  desired  hoisting  speed. 
It  must  be  understood,  however,  that 
with  the  resistance  permanently  in 
series  with  the  motor,  the  speed  will 
vary  when  lifting  loads  of  different 
weights.  As  the  crane  is  used  for 
foundry  work,  we  believe  what  is  de- 
sired is  some  form  of  speed  control. 
This  could  be  obtained  by  having  a  con- 
troller with  two  or  more  speed  points 
for  both  hoisting  and  lowering.  The 
variation  in  speed  could  be  obtained  by 
a  series  resistance,  or  by  a  combination 
of  series  resistance  and  a  shunted  ar- 
mature connection.  The  latter  method 
of  control  would  be  preferable,  as  it 
would  provide  a  control  point  which 
would  give  very  easy  starting  when 
hoisting  the  load  and  also  speed  con- 
trol when  lowering  the  load.  The  speed 
at  which  a  series  motor  should  run 
under  load  of  course  depends  on  what 
the  load  is  and  the  speed  for  a  given 
load  cannot  be  reduced  except  by  lower- 
ing the  voltage  or  using  series  resis- 
tance. It  does  not  seem  that  a  com- 
pound wound  motor  would  be  necessary 
for  this  service.  r.r.s. 

1709  —  Turning  Mine  Locomotive 
Wheels — In  a  coal  mine  where  direct 
curent  is  used  for  hauling  purposes 
with  mine  locomotives  where  one  and 
two  tracks  of  40  or  60  lb.  steel  is 
used,  where  the  track  acts  as  return 
conductor  for  the  current,  where  the 
current  varies  from  zero  to  200  am- 
peres, where  track  is  all  bonded,  what 
effect  if  any  has  this  current  on  the 
rail  and  on  the  steel  locomotive  truck 
wheels.  The  design  of  our  truck 
wheels  is  such  that  after  the  tread 
wears  down  and  the  flange  gets  too 
high    we    turn    them    down    and    get 
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another  period  of  service  out  of  them. 
We  find  the  wheels  so  hard  that  we 
must  first  anneal  them  before  we  can 
turn  them.  The  steel  rail  is  so  hard 
that  it  is  impossible  to  cut  it  with  any 
degree  of  success.  After  annealing 
the  wheels  they  are  too  soft  and  their 
life  is  very  much  decreased.  Is  there 
any  grinding  device  on  the  market  to 
dress  down  these  wheels  without  the 
annealing  process?  e.c.    (w.va.) 

Current  passing  through  the  wheels 
and  rails  of  a  locomotive  does  not  af- 
fect the  hardness  or  softness  of  the 
steel.  Where  locomotive  wheels  slip 
frequently  on  sanded  rails,  the  face  of 
the  wheel  becomes  hardened  in  spots. 
Also  sparking  caused  from  the  current 
flowing  from  the  wheel  face  to  the  rail 
when  sand  is  used  excesively,  causes 
hard  spots  on  the  face  of  the  wheel. 
These  two  actions  cause  a  hard  sur- 
face over  the  face  of  the  wheel  and  it 
is  very  difficult  to  find  a  tool  that  will 
cut  it  successfully.  Steel  tired  wheels, 
however,  or  rolled  steel  wheels  are  suc- 
cessfully turned  by  use  of  a  high-grade 
tool  steel.  We  feel  sure  that  a  little 
experimenting,  and  the  advice  of  tool 
steel  manufacturers  will  determine  the 
proper  kind  of  steel  for  the  most  se- 
vere conditions.  There  are  grinding 
devices  for  smoothing  out  flat  spots  in 
wheels,  but  to  attempt  to  cut  down  a 
grooved  wheel  with  a  grinding  machine 
sufficient  amount  to  make  it  run  true 
has    been    found    impracticable,    due    to 


the  undue  amount  of  time  necessary  and 
consequently  the  expense  to  complete 
the  work.  The  machine  tool  manufac- 
turers have  grinding  lathes  for  this  kind 
of  operation.  a.p.s. 


1710  —  Noise  in  Induction  Motor  — 
What  is  the  cause  of  a  peculiar  noise 
in  a  1000  hp,  three-phase,  four  pole, 
60  cycle  induction  motor?  The  motor 
drives  a  centrifugal  pump  and  vibates 
under  load  depending  on  its  slip. 
Under  light  load  or  no  load  the  noise 
disappears.  As  far  as  I  can  judge  the 
shaft  is  amply  large  and  the  motor 
does  not  rub  the  stator.  The  number 
of  stator  slots  is  60  with  six  bars 
per  slot.  The  wound  type  rotor  has 
82  slots  with  one  bar  each.  What 
would  eliminate  the  trouble?  I  think 
the  rotor  winding  is  an  unhappy 
choice.  M.S.  (n.y.) 

Magnetic  noises  in  general  are  caused 
either  by  the  main  rotating  field  or  by 
the  leakage  flux.  In  the  first  case  the 
noise  is  present  at  no  load  and  at  all 
other  loads  in  about  the  same  amount, 
but  in  the  second  case  there  is  little 
noise  evident  at  no-load  but  the  noise 
increases  with  the  load.  The  particu- 
lar reason  in  this  case  seems  to  be  as 
you  suggest,  due  to  the  fact  that  82  ro- 
tor slots  is  not  a  good  combination  with 
60  stator  slots  for  a  four-pole  winding. 
The  condition  could  probably  be  im- 
proved by  changing  the   stator  winding 


so  that  all  four  poles  would  be  in  par- 
allel or  two  series  of  two  parallels  each 
with  equipotential  connections  at  the 
middle  of  the  phase  and  connecting  the 
two  parallels.  If  the  latter  connection 
is  adopted  the  winding  should  be  ar- 
ranged with  two  adjacent  poles  in 
series  so  that  the  equipotential  connec- 


:^   Star  Connection 

Fig.   1710(a) 

tion  will  be  diametrically  across  the 
winding  mechanically  as  indicated  for 
one  phase  only  in  Fig.  (a).  See  also 
article  on  "Design  of  Machines  for 
Quiet  Operation"  by  G.  Pontecorvo  in 
the  Journal  for  September  1913,  p.  860. 

A.M.D. 


Reversing  the  Direction  of  Rotation  of  Single- 
Phase   Motors 

Single-phase  motors  in  general  are  divided  into  four 
classes,  namely  split  phase,  repulsion  starting,  shading  coil  and 
series  motors. 

Split-Phase  Motors  have  two  distinct  windings,  a  main 
running  winding  and  a  high  resistance  starting  winding  which 
are  connected  to  the  circuit  as  shown  in  Fig.  i.  The  direction 
of  rotation  of  the  motor  is  reversed  by  interchanging  the  ter- 
minals of  either  one  of  these  windings,  but  not  both;  i.e.  C  and 
D  may  be  interchanged  or  A  and  B  may  be  interchanged.  The 
reason  for  the  reversal  is  the  same  as  in  a  two-phase  motor, 
one  of  the  phases  is  reversed  by  interchanging  the  leads. 


^ 


Mam  Running 
Winding 
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FIG.    1 — SCHEMATIC    DIAGRAM    OF    SPLIT-PHASE    MOTOR    WINDINGS 

Repulsion  Starting  Motors  have  an  armature  winding,  a 
commutator  and  brushholder  similar  to  direct-current  machines, 
the  brushholder  being  short-circuited  through  the  rocker  arm. 
Reversal  of  the  direction  of  rotation  of  these  motors  is  ac- 
complished by  shifting  this  rocker  arm  relative  to  the  support- 
ing bracket,  as  shown  in  Fig  2.  An  arrow  is  stamped  on  the 
movable  brushholder,  which  may  be  put  opposite  any  one  of 
the  three  marks  on  the  stationary  bracket.  The  middle  one  of 
these  marks  is  known  as  the  neutral  and,  when  the  brushholder 
is  in  this  position,  the  motor  will  not  start  in  cither  direction. 
When  the  brushholder  is  shifted  to  one  side  or  the  other  of 
this  neutral,  as  indicated  by  the  marks  R  and  L,  in  Fig.  2,  the 
motor  will  run  right  hand  or  left  hand  respectively. 


Shading  Coil  Motors  have  only  a  single  winding  connected 
to  the  line,  and  it  is  obvious  that  reversal  of  the  terminals  of 
this  one  winding  will  not  reverse  the  direction  of  rotation, 
since  the  motor  operates  on  alternating  current.  The  obvious 
method  of  reversing  the  direction  of  rotation  of  such  motors 
is  to  shift  the  short-circuited  starting  coils  to  the  other  side  of 
each  of  the  main  poles.  This,  however,  is  quite  difficult  to  ac- 
complish and  it  is  usually  much  easier  to  reverse  the  motor  by 


FIG.    2 — ROCKER  ARM   OK   REPULSION   STARTING   MOTOR 
FIG.   3 — MAGNETIC   CIRCUIT  OF   SHADING   COIL   MOTOR 

taking  ofif  both  end  brackets  and  turning  the  complete  stator 
end  for  end  relative  to  the  rotor;  or  else  by  taking  out  the 
laminated  core  with  the  windings  in  it,  and  reversing  it  end 
for  end  relative  to  the  rotor. 

Series  Motors  of  the  commutator  type  arc  reversed  by  re- 
versing tlie  direction  of  current  through  either  the  armature  or 
the  field,  just  as  in  a  scries  direct-current  motor. 

A.  M.  Dudley. 
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The  problem  of  transforming  from 
three-phase  to  two-phase  has  prob- 
ably been  productive  of  more  solu- 
tions (either  accurate  or  approxi- 
mate) than  almost  any  other  problem  in  electrical  engi- 
neering. The  commercial  features  which  originally  lay 
back  of  this  problem,  together  with  the  history  of  its 
initial  developments  were  described  by  Prof.  Charles  F. 
Scott  in  the  January  issue.  While  many  of  the  com- 
mercial advantages  of  the  two-phase  distribution  sys- 
tem have  now  disappeared,  by  reason  of  the  fact  that 
practically  every  distribution  system  now  covers  such 
an  extensive  area  as  to  be  in  effect  a  transmission  sys- 
tem, there  are  many  two-phase  installations  in  opera- 
tion and  methods  of  transformation  are  still  useful. 

The  three-phase  to  two-phase  transformation  has 
suffered  an  unenviable  reputation  in  some  quarters  for 
giving  poor  voltage  regulation  and  distorted  phase  rela- 
tions, principally  on  account  of  the  lack  of  a  complete 
understanding  of  its  characteristics.  That  this  reputa- 
tion is  merited,  where  suitable  magnetic  relations  be- 
tween the  two  halves  of  the  main  transformer  are  not 
maintained,  is  beyond  question,  but  where  the  two 
halves  of  this  winding  are  suitably  interconnected,  as  is 
practically  always  the  case  in  modern  distribution  trans- 
formers designed  for  three-wire  operation,  the  regula- 
tion is  almost  as  good  as  with  any  other  form  of  trans- 
formation, and  the  phase  distortion  is  negligible. 

Occasions  for  transforming  from  two-phase  to 
three-phase  are  frequently  the  result  of  emergency  con- 
ditions, so  that  especially  designed  transformers  are  not 
available.  Hence  many  approximate  schemes  have 
been  developed  for  using  standard  distributing  trans- 
formers for  this  purpose.  These  schemes  are  quite 
satisfactory  under  emergency  conditions,  but  most  of 
them  would  hardly  be  employed  if  transformers  are  to 
be  purchased  for  the  purpose.  For  a  permanent  in- 
stallation, the  Scott  connection  still  remains  the  best. 

The  two-phase  three-phase  connection  was  origi- 
nally devised  for  use  with  motors  which  were  deliber- 
ately built  for  a  different  number  of  phases  from  the 
transmission  system  over  which  they  were  to  receive 
power.  While  this  is  not  common  practice  at  present, 
circumstances  sometimes  arise  which  make  such  a  plan 
advisable.  A  recent  instance  is  that  of  the  Norfolk 
and  Western  locomotives  in  which  power  from  a  single- 
phase  trolley  is  fed  through  a  two-phase  rotating  phase 
converter  to  three-phase  induction  motors.  Another 
warrantable  occasion  is  where  a  large  rotary  converter 
is  to  be  fed  from  a  two-phase  system.     Since  trans- 


formers are  necessary  in  either  case,  the  superiorit}'  of 
the  si.x-phase  over  the  two-phase  converter  will  fre- 
quently warrant  a  two-phase  to  six-phase  connection. 

Because  of  the  simplicity  of  the  Scott  connection, 
especially  when  autotransformers  are  employed  for  vol- 
tage ratios  near  unity,  the  rewinding  of  induction  mo- 
tors to  change  them  from  two-phase  to  three-phase 
or  vice  versa  is  frequently  questionable.  Undoubt- 
edly such  rewinding  is  justifiable  in  many  cases ;  but  in 
every  case  the  alternative  of  using  Scott-connected 
transformers  or  autotransformers  should  be  carefully 
considered  from  the  standpoint  of  cost,  time  and  over- 
all operating  performance,  as  the  k.v.a.  rating  of  the 
autotransformers  need  be  only  a  small  percentage  of 
that  of  the  motor.  The  articles  in  this  issue  by  Messrs. 
E.  G.  Reed  and  J.  B.  Gibbs,  in  connection  with  the  one 
by  Prof.  Scott  in  the  January  issue,  form  a  quite  com- 
plete resume  of  this  important  subject. 


_,       ,  ,        The   Electric   Journal    has     recently 

1  he  Journal —    u  j     ^  j    • 

been   adopted   m   a   promment   engi- 

_,         „      ,  neering  school  as  a  text  for  the  study 

of  English.  This  is  certainly  a  step 
in  the  right  direction.  While  modesty  forbids  recom- 
mending our  own  magazine,  the  study  of  technical 
articles  by  engineering  students  of  language  must  prove 
more  useful  than  the  study  of  Chaucer  or  Shelley  under 
an  instructor  who  is  unfamiliar  with  engineering  terms. 
The  objection  to  the  intensive  study  of  English  in  tech- 
nical schools  has  always  been  lack  of  time.  But  it  is 
impossible  to  turn  a  high  school  graduate  into  an  engi- 
neer in  four  years  in  any  case.  The  most  that  can  be 
attempted  is  to  lay  a  good  foundation  for  future  devel- 
opment— of  which  the  concise  and  accurate  use  of 
language  is  almost  the  corner  stone. 

There  would  seem  to  be  no  good  reason  why  the 
study  of  English  should  not,  to  a  large  extent,  be  made 
an  integral  part  of  the  other  courses.  Corrections  in  the 
wording  of  laboratofy  reports  have  always  been  made 
to  some  extent.  It  is  difficult,  however,  for  any  in- 
dividual to  examine  a  paper  from  two  radically  differ- 
ent view  points— and  all  too  often  the  laboratory  in- 
structor is  not  qualified  to  make  suitable  corrections  and 
suggestions.  If  these  reports  are  graded  and  corrected 
by  the  Department  of  English  from  the  standpoint  of 
language  only,  in  addition  to  the  usual  grading  from  the 
standpoint  of  engineering  by  the  laboratory  instructor, 
they  should  give  the  student  ample  practice  in  writing, 
without  adding  materially  to  his  total  work. 


W.  H.  Kempton 

Research   Engineer, 

Westinghouse  Electric  &  Mfg.   Co. 

THIS  ARTICLE  is  written  particularly  for  the  engineer  who  has  occasion  to  use  moulded  insula- 
tion in  his  designs.  In  many  instances  he  has  never  visited  an  insulation  moulding  plant  to  familiarize 
himself  with  how  such  work  is  carried  on.  Realizing  the  difficulty  of  successfully  designing  moulded 
insulation  blocks  without  a  knowledge  of  such  work,  an  effort  is  made  in  the  following  article  to  give 
information  on  this  subject  that  will  be  helpful.  It  is  recommended  that  everyone  responsible  for  the 
designing  of  moulded  insulation  visit  a  plant  doing  this  work  whenever  an  opportunity  is  offered.  There 
are  so  many  things,  apparently  of  a  trivial  nature,  that  are  of  great  importance  to  the  moulder,  that  the 
better  the  designer  understands  the  art  of  insulation  moulding  the  more  successfully  can  his  designs  be 
manufactured. 


PROPERLY  handled,  moulded  insulation  will 
often  prove  to  be  a  friend  in  need.  Im- 
properly applied  it  inay  lead  to  much  trouble. 
The  designing  engineer  should  acquire  the  saine 
knowledge  of  this  material  before  applying  it  and  give 
it  the  same  careful  consideration  that  he  gives  to  die 
ca.stings,  for  instance,  or  bearing  metal.  Too  often  he 
carefully  works  out  every  other  feature  of  his  design 
and  then  assigns  any  space  that  may  be  left  to  the 
moulded  insulation.  Later  he  wonders  why  the 
moulded  piece  costs  so  much  or  why  it  fails  on  trial. 

Moulded  insultations  may  be  classified  in  three 
different  ways/  first,  with  respect  to  the  method  of 
moulding;  second,  with  respect  to  its  action  under 
heat ;  and  third,  with  respect  to  its  action  in  a  flame. 
Under  the  first  classification  the  product  may  be  fur- 
ther divided  into  "hot  moulded"  and  "cold  moulded" 
materials. 

Hot  moulded  materials  are  those  formed  by  sub- 
jecting the  moulding  mixture  to  heat  and  pressure 
simultaneously  in  a  mould.  The  binder  may  be  any 
adhesive  material  that  becomes  active  when  heated, 
such  as  shellac.  The  filler  may  be  any  suitable  mater- 
ial, such  as  asbestos. 

Cold  moulded  materials  are  those  which  are  sub- 
jected to  pressure  in  a  mould  without  the  application 
of  heat  at  the  same  time.  The  piece  is  removed  from 
the  mould  and  afterward  subjected  to  the  necessary 
treatment  to  set  the  binder.  The  binder  may  be  any 
material  which  has  sufficient  binding  power  when  cold 
to  allow  the  removal  of  the  moulded  block  from  the 
mould,  such  as  Portland  cement  or  pitch  in  solution. 
The  filler  may  be  any  suitable  material  such  as  as- 
bestos. 

Under  the  second  classification,  "Action  under 
Heat",  moulded  insulation  may  be  divided  into  soften- 
ing and  non-softening  materials.  The  softening  ma- 
terials are  those  which  become  soft  and  flow  when 
subjected  to  heat  and  pressure  after  being  moulded. 
Such  materials  are  the  shellac  mixtures,  hard  rubber, 
moulded  pitch  products,  etc.  The  nbn-softening 
products  are  those  which  do  not  soften  under  heat 
and  pressure  such  as  the  phenolic  condensation  prod- 
ucts, cement-asbestos  mixtures,  silicate  of  soda  mix- 
tures, etc. 

The    third    classification,    "Action    under    Flame", 


refers  to  the  action  of  the  materials  when  subjected 
to  the  impact  of  a  flame.  Under  such  treatment 
moulded  insulation  divide  themselves  into  combustible 
and  non-combustible  materials.  The  combustible  ma- 
terials are  those  that  will  burn  or  carbonize,  such  as 
shellac  mixtures,  hard  rubber  and  condensation 
products. 

The  non-combustible  materials  are  those  that  do 
not  carbonize  in  a  flame,  such  as  asbestos-cement  and 
silicate  of  soda  mixtures. 

Hot  Moulded  Materials — In  the  manufacture  of 
hot  moulded  materials  three  classes  of  binder 
are  in  general  use.  First  gums,  such  as  shellac 
and  copal,  which  become  soft  and  plastic  when 
heated  and  hard  when  cold.  These  gums  are 
mixed  with  short  asbestos  fibre,  cotton  fibre, 
ground  mica,  infusorial  earth,  barytes  or  any  of  a 
great  variety  of  materials.  A  proper  combination  of 
gums  and  fillers  is  selected  to  produce  the  particular 
result  desired.  These  materials  are  then  mixed  for 
moulding  by  grinding  together,  by  mixing  on  hot  rolls 
(;r  by  means  of  a  solvent  which  is  afterwards  driven 
off.  The  material  is  then  either  placed  in  the  mould 
;ind  the  mould  is  placed  in  a  press  that  is  first  heated 
to  fuse  the  binder,  then  cooled  to  harden  it;  or  both 
the  mould  and  material  are  heated,  the  material  placed 
in  the  mould  and  the  mould  placed  in  a  cold  press 
where  the  piece   fonns  before  cooling  and  hardening. 

The  second  class  consists  of  what  is  known  as 
phenolic  condensation  products.  They  are  synthetic 
resins  which  have  the  property  of  hardening  through- 
out on  being  subjected  to  continued  heating.  L'sing, 
for  the  purpose  of  illustration,  the  most  commonly 
known  materials,  these  products  may  be  formed  by 
mixing  together,  under  proper  conditions,  carbolic 
acid  and  formaldehyde  in  the  presence  of  ammonia. 
Quite  a  variety  of  materials  of  similar  chemical  nature 
may  be  substitued  for  those  mentioned.  Three  makes 
of  these  products  are  now  on  the  tnarket.  They  are 
known  as  Bakelite,  Condensite  and  Redmanol.  The 
moulding  mixtures  are  made  by  mixing  the  resin  with 
wood  flour  or  asbestos  fibre.  The  former  mixture  is 
prepared  both  in  powder  and  in  sheet  form.  The  lat- 
ter is  made  only  in  powder  fonn.  Also  the  varnish- — 
(resin  in  solution) — is  spread  on  paper  or  fabric  to 
produce    what    is    known    to    the    trade    as    "micarta". 
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These  materials  are  always  moulded  in  a  hot  press  as 
they  require  the  application  of  heat  for  a  definite 
length  of  time  to  harden  the  binder. 

The  third  class  of  hot  moulded  insulation  is  hard 
rubber  or  vulcanite.  This  consists  of  crude  rubber 
mixed  with  filler  and  a  vulcanizing  agent,  generally 
sulphur.  Hard  rubber  moulding  is  carried  on  in  much 
the  same  manner  as  the  condensation  resin  moulding, 
except  that  the  stock  is  always  prepared  and  handled  in 
sheet   form. 

Characteristics  of  Hot  Moulded  Materials — Each 
of  the  above  three  classes  of  materials  has  distinctive 
characteristics  which  should  govern  its  selection  for 
any  given  case.  The  first  which  is  commonly  known 
as  "shellac"  mixture  or  "rubber  substitute"  has  the 
property  of  softening  and  distorting  if  subjected  to 
pressure  and  heat  at  from  40  to  60  degrees  C.  It  is 
also  comparatively  weak  mechanically,  but  has  good 
dielectric  strength  and  in  simple  shapes  is  the  cheapest 
of  all  hot  m.oulded  insulations. 

The  phenolic  condensation  products  are  char- 
acterized by  their  high  mechanical  strength  and  by 
the  fact  that,  when  fully  cured,  they  do  not  distort 
at  any  temperature  up  to  150  degrees  C.  When  prop- 
erly used,  this  class  of  materials  can  be  made  of  great 
value  to  the  designer  of  electrical  apparatus.  In  using 
any  of  the  moulded  insulations,  however,  he  must 
allow  the  same  factor  of  safety  that  he  uses  for  other 
parts  of  his  apparatus. 

Hard  rubber  is  characterized  by  its  high  insula- 
tion values.  It  also  has  quite  good  mechanical 
strength  though  not  so  good  as  the  phenolic  condensa- 
tion products.  Hard  rubber  will  distort  under  load  at 
from  60  to  80  degrees  C.  temperature.  These  com- 
ments refer  to  high-grade  hard  rubber.  It  may  be 
loaded  with  adulterants  to  cheapen  the  product  until  it 
is  little  better  than  the  shellac  mixtures. 

Cold  Moidded  Materials — In  the  making  of  cold 
moulded  insulation,  two  general  classes  of  binder  are 
used.  First  are  those  that  can  be  dissolved  to  facili- 
tate mixing  with  the  filler,  the  solvent  being  driven  off 
by  heat  after  the  pieces  are  moulded.  Second,  those 
that  set  by  chemical  action. 

In  the  first  class  the  most  common  binder  is  pitch. 
The  pitch  is  dissolved  in  benzine  or  naphtha  and  mixed 
with  the  filler,  usually  asbestos  fibre.  The  product  is 
moulded  while  the  mixture  is  still  plastic,  due  to  the 
presence  of  the  solvent,  and  the  pieces  are  then  dried 
in  an  oven  until  all  solvent  is  driven  off.  The  result 
is  a  hard  product  with  more  or  less  strength  depend- 
ing on  the  ingredients  used  and  the  skill  exercised  in 
the  manufacture. 

A  second  binder  used  is  phenolic  condensation 
resin  in  solution  with  alcohol  or  benzol.  After  form- 
ing the  block  the  solvent  is  driven  off  and  the  heating 
continued  until  the  resin  is  "polymerized"  or  perman- 
ently hardened.  In  this  case  absestos  fibre  is  again 
the  most  commonlv  used  filler. 


A  third  binder  of  this  class  is  silicate  of  soda  dis- 
solved in  water.  It  is  worked  in  the  same  manner  as 
the  others,  namely  mixed  with  the  filler  while  in  solu- 
tion and  then  dried  in  an  oven. 

The  second  class  of  cold  moulded  insulation,  in 
which  the  binder  sets  by  chemical  action,  may  be  re- 
presented by: — First — Portland  cement  with  asbestos 
fibre  in  which  the  cement  sets  by  combination  with 
water  and  afterward  has  the  excess  water  driven  off 
by  heating.  Second — Lime  and  silica  mixed  with 
water  and  a  filler  of  asbestos,  magnesia,  etc.  In  this 
case  the  lime  and  silica  combine  to  act  as  a  bindc 
when  properly  treated.  The  product  is  afterward 
dried. 

Characteristics  of  Cold  Moulded  Materials — The 
prominent  characteristics  of  the  cold  moulded  insul- 
ations   mentioned   above   are   as    follows : — 

The  pitch  mixtures,  when  thoroughly  baked,  will 
soften  at  from  60  degrees  C.  up.  These  materials  are 
fairly  strong  and  will  resist  blows  better  than  porce- 
lain. They  are  cheap,  as  compared  to  the  hot  moulded 
products,  and  are  quite  satisfactory  where  too  much 
in  the  way  of  electrical  and  mechanical  strength  is  not 
required  of  them. 

The  cold  moulded  phenolic  condensation  products 
are  stronger  mechanically  than  the  pitch  products  and 
will  not  soften  or  distort  below  150  degrees  C.  They 
are  not  nearly  so  strong  mechanically  or  electricall/ 
as  the  same  products  hot  moulded. 

The  silicate  of  soda  product  is  generally  quite 
weak  mechanically  and  electrically  but  will  stand  much 
more  heat  than  the  materials  with  organc  binder.  It 
resists  the  action  of  flame  quite  well  but  tends  to  take 
up  moisture  from  the  atmosphere.  It  is,  therefore, 
not  reliable  for  insulation  unless  located  in  a  position 
where  it  is  continuously  heated,  or  well  protected 
from  air. 

The  Portland  cement  product  is  stonger  than  the 
silicate  of  soda  mixture  and  is  not  weakened  by  moist- 
ure. It  is,  however,  not  so  strong  as  the  hot  moulded 
products.  It  will  stand  much  more  heat  than  the  or- 
ganic mixtures,  the  limit  being  the  temperature  at 
which  the  cement  is  dehydrated,  after  which  it  be- 
comes brittle.  This  material  may  be  used  safely  up 
to  400  degrees  C.  It  is  porous  in  structure  and  can 
be  waterproofed  to  preserve  its  insulation  value  unless 
used. at  temperatures  that  would  burn  out  the  water- 
proofing ingredient. 

The  lime-silica  product  is  not  so  strong  as  the 
Portland  cement  mixture  but  will  stand  more  heat 
without  losing  its  strength.  It  is,  therefore,  better 
adapted  to  high  temperature  work. 

Summarizing,  the  hot  moulded  insulations  possess 
higher  insulation  values,  greater  mechanical  strength 
and  take  better  finish  than  those  that  are  cold  moulded. 
The  cold  moulded  materials  are  cheaper  when  pro- 
duced in  quantity,  except  when  the  pieces  are  small, 
and   for  the  most  part  will  stand  more  heat. 
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No  attempt  will  be  made  to  give  definite  values 
of  the  electrical  or  mechanical  properties  owing  to  the 
great  variation  due  to  differences  in  ingrediments  and 
skill  exercised  in  manufacturing  the  products.  As  an 
illustration,  the  most  common  filler  used  in  the  pheno- 
lic condensation  moulding  mixtures  is  wood  fiber  or 
wood  "flour".  Wood  has  a  strong  affinity  for  moist- 
use  and  will  absorb  it  from  the  air  if  exposed  after 
being  thoroughly  dried.  Left  to  its  own  devices,  wood 
will  take  up  about  ten  percent  of  its  weight  in  water 
from  the  air.  Inasmuch  as  one  percent  of  moisture 
will  render  an  insulation  very  poor,  it  is  evident  that 
moulding  mixtures  containing  wood  flour  as  a  filler 
must  be  handled  with  great  care.  Of  course,  the 
binder  will  coat  the  fibres  and  protect  them  to  a  con- 
siderable extent  but  until  the  mixture  has  been 
moulded  into  a  dense  nonporous  body  the  fibres  are 
not  wholly  protected  and  exposure  of  such  mixtures 
to  the  air  for  even  a  few  hours  is  apt  to  cause  rapid 
deterioration.  For  this  reason  the  insulation  value  of 
all  phenolic  condensation  products  using  wood  flour  is 
dependent  on  the  care  in  handling.  The  same  thing  is 
true  to  a  lesser  extent  with  those  mixtures  using  as- 
bestos as  a  filler. 

APPLICATIONS     OF     MOULDED     INSULATION 

The  designing  engineer  cannot  get  best  results 
from  the  use  of  moulded  insulation  without  at  least 
a  general  knowledge  of  how  it  is  formed.  The  mould- 
ing operations  are  briefly  as  follows : — 

As  indicated  by  its  name,  moulded  insulation  is 
formed  in  a  mould  from  stock  that  is  more  or  less 
plastic.  The  material  may  be  plastic  when  cold  as  in 
cold  moulding,  or  the  material  and  mould  may  be 
heated  before  or  during  the  application  of  pressure. 
Pressures  of  from  one-half  to  five  or  six  tons  per 
square  inch  are  used  to  form  the  block,  depending  on 
the  material,  size  and  shape  of  the  product.  With  such 
pressures  it  is  necessary  to  make  the  moulds  of  ver/ 
hard  metal  in  order  to  get  a  reasonable  production  be- 
fore the  mould  wears  out.  Such  moulds  are  expen- 
sive and  their  cost  often  limits  the  use  of  these  ma- 
terials. 

Before  deciding  on  the  use  of  moulded  insulation 
the  designer  should  assure  himself  either  that  a  moulded 
piece  is  necessary  or  that  the  activity  will  justify  the 
expen.se  of  a  mould.  It  is  often  cheaper,  in  case  of 
small  production,  to  machine  the  required  block  from 
solid  stock  or  build  il  up  from  disks,  bushings,  etc.. 
that  can  be  cut  from  plates  or  tubing.  Even  for  an 
active  piece  it  may  be  more  economical  to  make  it  in 
this  way.  All  such  possibilities  should  be  carefully 
considered. 

There  are  sometimes  reasons  for  using  moulded 
insulation  instead  of  built  up  parts,  other  than  mere 
economy.  A  gcjod  finish  and  uniform  color  is  always 
assured  with  good  grades  of  moulded  insulation. 
Again,   it  may  be  worth  the  mould   charge  to  be  as- 


sured of  the  performance  of  the  material  in  service, 
as  a  preparation  for  expected  large  activity. 

Moulded  insulation  can  often  be  used  in  place 
of  metal  parts  to  advantage.  For  instance,  where 
weight  is  a  prime  consideration  as  in  airplane  parts, 
the  weight  may  be  considerably  reduced  in  this  way. 
The  weight  of  moulded  insulation  is  from  one-fifth 
to  one- fourth  that  of  steel  on  equal  volumes,  depend- 
ing on  the  ingredients  of  the  moulding  mixture.  A 
hot  moulding  mixture  with  wood  flour  filler  weighs 
half  as  much  as  aluminum  on  the  same  basis.  Moulded 
material  is  often  used  in  place  of  metal  on  account  of 
its  better,  cheaper  and  more  permanent  finish,  such  as 
radiator  caps  for  automobiles. 

Many  parts  that  must  be  quite  accurate  as  to  di- 
mension can  be  made  more  cheaply  from  moulded  in- 
sulation than  metal  as  the  moulded  block  comes  to  the 
size  of  the  mould  and  the  pieces  are  always  alike,  ex- 
cept in  the  direction  in  which  the  pressure  is  applied. 
This  latter  dimension  may  vary  somewhat. 

SELECTION    OF    MOULDED    INSULATION 

A  certain  designing  engineer,  holding  quite  a  re- 
sponsible position,  calls  all  moulded  insulation 
"junkite".  He  says  it  is  all  bad  and  to  be  used  only 
when  nothing  else  can  be  found  and  different  trade 
names  mean  nothing  to  him.  With  his  present  in- 
formation his  stand  is  right  because  he  has  been  un- 
willing to  give  the  subject  sufficient  study  to  apply 
the  material  intelligently.  If  he  had  treated  other  ma- 
terials, such  as  marble,  slate,  mica,  etc.,  to  as  scant  an 
investigation  as  he  has  moulded  insulation,  he  never 
could  have  been  a  successful  designer  of  electrical  ap- 
paratus. 

In  selecting  the  proper  moulded  insulation  for 
any  specific  application  the  designer  should  make  a 
careful  study  of  all  conditions  to  which  it  will  be 
subjected.  The  most  important  points  that  should  be 
investigated  are : — 

I — Heat  conditions — What  is   the   maximum   temperature? 
What   is   the  average   temperature? 
Is  the  heat  applied  steadily  or  inter- 
mittently? 
2 — Electrical  Conditions — What  is  the  voltage? 

What  kind  of  current? 
Is   it  high  or  low   frequency? 
3 — Mechanical  Conditions — What  load  is  applied? 

Is  load  steady  or  intermittent? 
Is  it  vibratory? 
Is  it  an  impact? 
4 — Exposure    Conditions— Will    the   insulation    be    exposed 
to  rain,  steam,  oil,  dust,  smoke? 
Will   it   be   used   in   the  salt   air 
of    the   sea    coast? 
After  outlining  the  working  conditions  which  af- 
fect the  insulation,  it  may  or  ma}-  not  be  easy  to  select 
the  proper  moulded  composition.     If  the  device  is  ex- 
posed to  severe  weather  conditions  the  insulation  must 
not  be  absorbent.     If  it  is  exposed  to  both  smoke  and 
moisture  and  the  design  is  such  that  a  coat  of  moist 
soot  will  be  formed  across  the  surface  of  the  insula- 
tion, then  a  composition  with  a  minimum  of  organic 
matter   should   be   used    so   that   leakage   current   over 
the  surface  will  not  carbonize  the  insulator  and  cause 


THE    ELECTRIC    JOURNAL 


87 


a  short-circuit.  If  the  apparatus  will  be  subjected  to 
a  material  temperature  rise  above  normal  air  temper- 
ature, then  a  composition  should  be  selected  that  will 
not  soften  under  surh  increased  temperature.  Tf  the 
mechanical  load  is  heavy  or  vibratory  use  a  composi- 
tion of  high  strength.  For  an  impact  load  use  a  very 
fibrous  composition. 

Moulded  insulations  have  been  developed  to  meet 
most  such  conditions  and  are  available  to  the  designer 
who  is  willing  to  make  a  search  for  them  and  study  of 
them.  The  great  utility  of  moulded  insulation  in  elec- 
trical apparatus  has  caused  much  development  work 
to  be  done  in  this  field  in  recent  years. 

The  success  of  the  use  of  moulded  insulation  de- 
pends on  selecting  one  that  will  meet  all  the  above  con- 
ditions. In  making  the  proper  selection,  after  all 
these  conditions  have  been  considered  the  usual  tend- 
ency is  to  allow  too  small  a  margin  of  safety.  The 
best  course  is  to  "play  safe"  and  allow  a  good  working 
margin  between  the  working  conditions  and  the  prop- 
erties of  the  moulded  material  selected. 

No  single  material  has  yet  been  devised  that  pos- 
sesses all  the  desirable  properties  and  no  objectionable 
features,  in  spite  of  the  claims  made  for  some  of  them. 


E.xcessive  mechanical  strength  is  generally  accom- 
plished at  the  expense  of  electrical  strength.  High 
dielectric  strength  is  most  often  accompanied  with 
brittleness.  The  final  choice  then  in  many  cases, 
where  service  conditions  are  severe,  will  be  a  compro- 
mise. The  designer  should  use  great  care  in  studying 
the  properties  of  the  various  moulded  insulations  avail- 
able in  effecting  this  compromise. 

The  above  suggestions  may  appear  simple  and 
self-evident  to  the  reader  who  has  not  been  in  trouble 
with  his  insulation,  but  the  experienced  man  knows 
how  easy  it  is  to  err  on  some  very  important  consid- 
eration. The  study  of  the  insulation  requirements 
should  go  hand  in  hand  with  all  other  features  of  the 
design  and,  before  the  design  is  complete,  the  exact 
kind  of  insulation  should  be  selected  and  the  design 
worked  out  to  accommodate  that  material.  Other- 
wise, the  designer  may  be  forced  to  use  an  unsuitable 
insulation  or  to  change  his  design  to  accommodate  the 
proper  material.  No  insulating  material  can  be  made 
in  every  form,  so  the  ability  to  manufacture  the  de- 
sired form  should  be  determined  before  the  design  is 
completed. 
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THE  TESTING  of  railway  equipment  is  essential 
to  insure  a  product  free  from  defects.  Since 
such  equipment  is  subjected  to  a  continual  vi- 
bratory motion,  due  to  the  jolting  of  the  car,  and  at 
times  has  to  perform  its  functions  under  the  most  ad- 
verse weather  conditions,  the  tests  must  necessarily  be 
of  a  very  rigid  nature.  The  methods  and  apparatus 
used  in  testing  control  equipments  will  therefore  be  of 
interest  to  all  who  are  in  any  way  concerned  with  the 
operation  and  maintenance  of  railway  apparatus. 

THE    UNIT    SWITCH 

To  understand  the  operation  of  the  switch  and  be 
able  to  appreciate  fully  why  certain  tests  are  made,  it 
is  necessary  to  know  the  construction  of  the  switch 
and  its  principle  of  operation.  Fig.  i  shows  a  cross- 
section  of  a  unit  switch  assembled  in  a  type  HL  con- 
trol box.  It  is  an  electro-pneumatic  switch,  the  oper- 
ation of  which  is  as  follows :  The  magnet  coil.  Fig.  2, 
when  energized  from  a  low-voltage  circuit,  pulls  down 
the  steel  armature  A  causing  the  upper  valve  stem  B 
to  close  the  exhaust  valve  C  and  to  open  the  inlet 
valve  C  and  to  open  the  inlet  valve  D.  The  air  then 
flows  through  the  inlet  valve  into  the  switch  cylinder 
E  exerting  a  force  on  the  piston  F  thereby  closing  the 
switch.  As  the  minimum  air  pressure  used  on  the  unit 
switch  equipments  is  50  pounds  per  square  inch,  a  good 
contact  at  the  switch  jaws  G  is  always  ensured.  To 
open  the  switch  the  magnet  coil  is  de-energized,  allow- 
ing the  small  spring  H  to  close  the  inlet  port  and  open 
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the  exhaust  port,  whereupon  the  heavy  spring  / 

cylinder,    which    is    compressed    when    the    swi 


in  the 

tch    is 


FIG,    I — CROSS-SECTION    OF   UNIT   CONTROL   SWITCH 

closed,  immediately  assumes  its  original  position,  there- 
by causing  a  rapid  opening  of  the  switch. 
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GENERAL   TESTING   AND  APPARATUS    USED 

When  testing  an  equipment  it  is  necessary  to 
duplicate  operating  conditions,  as  nearly  as  possible. 
This  means  that  the  entire  outfit,  consisting  of  a  con- 
trol box,  master  controller,  reverser,  line  switch  and 
auxiliary  apparatus,  must  be  connected  to  a  set  of  suit- 
able motors.  The  air  used  during  the  tests  must  be 
fed  through  a  suitable  reservoir  which  will  tend  to 
keep  the  air  pressure  at  a  constant  value,  and  through 
a  reducing  valve,  by  means  of  which  any  pressure  de- 
sired can  be  obtained. 

Before  applying  the  motor  current  the  following 
tests  are  made  on  the  control  circuits.  The  sequence 
of  switches  is  checked  by  moving  the  controller  handle 
around  notch  by  notch  from  the  first  series  position 
to  the  full  parallel  position,  and  the  operation  of  the 
different  switches  is  noted.  Where  the  motors  art  to 
be  cut  out  by  means  of  the  control  circuit,  the  control 
cut-out  drum  is  placed  in  its  various  positions,  and 
each  new  sequence  is  checked  to  the  schematic  diagram 
of  the  motor  circuits.  The  overload  trip,  Fig.  3,  is 
wired  in  series  with  the  motors,  the  discs  of  this  trip 
being    connected    in    series    with    the    magnets    whose 
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switches  must  be  closed  to  complete  the  motor  circuit. 
For  this  test  the  overload  trip  is  operated  by  hand,  and 
the  switches  acted  upon  are  noted.  When  automatic 
equipments  are  used  a  limit  switch.  Fig.  4,  is  wired  in 
the  motor  circuit,  in  addition  to  the  overload  trip.  The 
disc  of  this  limit  switch  is  wired  in  the  circuit  which 
energizes  the  magnet  coils.  This  circuit  is  so  arranged 
that  when  a  switch  is  closed,  its  coil  is  automatically 
transferred  to  a  holding  circuit  that  is  independent  of 
the  limit  disc.  At  the  same  time  the  limit  disc  cir- 
cuit is  automatically  transferred  to  the  magnet  coil, 
which  operates  the  next  switch  in  the  sequence.  The 
function  of  the  limit  switch,  or  accelerating  relay  as 
it  is  sometimes  called,  is  checked  by  a  push  button 
wired  in  series  with  the  disc.  By  opening  and  closing 
the  push  button,  the  action  of  the  limit  switch  under 
motor  current  control  is  duplicated.  This  is  the 
method  used  to  check  the  sequence  of  switches  on  an 
automatic  equipment, 

Where  operating  conditions  require  it,  a  com- 
pound limit  switch  is  used.  This  compound  limit  is 
the  same  as  Fig.  4,  except  that  it  has  a  shunt  coil  of 
fine  wire  wound  around  the  core  on  the  inside  of  the 


series  turns.  The  shunt  coil  is  connected  to  the  con- 
trol circuit,  and  is  so  arranged  that  the  magnetic  forces 
set  up  by  it  oppose  those  set  up  by  the  series  coil,  there- 
by raising  the  limit  setting.     A  push  button  normally 


FIGS.    3    AND   4 — OVERLOAD   AND   LIMIT   RELAYS 

held  open  by  a  spring  is  connected  in  series  with  the 
shunt  coil.  The  button  is  placed  near  the  motorman 
so  that  he  can  raise  his  limit  setting  whenever  it  is  ne- 
cessary. The  function  of  the  compound  limit  is  the 
same  as  the  series  limit,  and  is  checked  in  the  same 
manner  except  for  an  additional  check  to  determine 
that  the  magnetic  forces  are  opposing  each  other.  It  is 


FIG.    5 — LINE  RELAY 


evident  that  if  these  forces  were  assisting  each  other, 
the  limit  setting  would  be  decreased  rather  than  in- 
creased. The  method  of  checking  this  function  will  be 
explained  in  the  motor  tests.  A  low-voltage  high-cur- 
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rent    source   of   power   is    used    to    calibrate    all    'unit 
•  switches  and  overload  trips. 

A  line  relay.  Fig.  5,  connected  between  trolley  and 
ground,  is  used  on  some  automatic  equipments.  The 
disc  of  this  relay  is  connected  in  series  with  the  line 
switch  magnet  coils.     The  function  of  this  relay  is  to 


FIG.    6 — REVERSER    WITH    COVERS    REMOVED 

drop  out  all  the  switches  when  the  trolley  circuit  is  off. 
A  knife  switch  wired  in  series  with  the  relay  disc  is 
used  to  check  this  function.  Opening  and  closing  the 
knife  switch  represents  the  power  going  oif  and  com- 
ing on.  This  is  a  check  on  the  interlocking  scheme, 
which,  if  not  right  will  produce  a  false  operation  of 
the  switches  in  the  group. 

Since  the  switches  must  perform  their  functions 
at  a  low  voltage,  the  line  voltage  is  decreased  to  a 
specified  value,  and  the  sequence  of  switches  is 
checked  with  this  low  voltage.  The  magnets  are 
tested  for  air  leaks  which  assures  a  good  valve  seat 
and  a  correct  alignment  of  the  different  valve  parts. 
The  air  pressure  on  a  car  is  not  constant  and  these 
control  equipments  must  necessarily  operate  over  a 
large  range  of  air  pressures.  The  pressure  is  there- 
fore reduced  and  the  sequence  of  switches  checked  as 
before. 

The  reversing  switch,  Fig.  6  changes  the  direction' 
of  rotation  of  the  motor  by  reversing  the  field  leads 
of  the  motor  with  respect  to  the  arms.  This  reverser 
is  of  the  air  operated  type.  It  is  not  expected  to  break 
any  motor  current  and  is  therefore  not  supplied  with 
blow-out  coils.  To  prevent  the  reservoir  from  operat- 
ing when  the  motor  current  is  on,  an  interlock,  placed 
on  the  reverser  drum,  is  wired  in  series  with  the  line 
switch  magnets.  The  arrangement  of  this  interlock  is 
such  that  the  reverser  must  be  fully  seated  in  either  the 
forward  or  the  reverse  direction  before  the  line 
switches  can  operate.  To  check  this  function  the  re- 
verser is  placed  in  the  reverse  position.  The  steel  arma- 
ture is  removed  from  the  forward  magnet.  The 
master  controller  is  then  notched  around,  the  reverser 
lever  being  in  the  forward  position.  If  the  equipment 
is  correctly  wired  the  line  switches  will  not  operate. 

The  equipment  is  now  ready  for  the  motor  test. 
In  this  test  it  is  necessary  to  duplicate  the  varying  load 


conditions  of  a  car.  This  is  accomplished  by  the  use 
of  two  railway  motors  provided  with  suitable  brakes. 

In  the  motor  test,  as  in  the  control  test,  the  master 
controller  is  first  notched  up  slowly  to  check  the  mo- 
tor wiring.  The  equipment  is  then  put  through  a  se- 
vere test,  during  which  the  master  controller  is  handled 
by  a  tester  who  studies  operating  conditions.  Dur- 
ing this  test  the  action  of  the  arcs,  caused  by  the  open- 
ing of  the  switches  is  also  noted.  This  is  essential  as 
each  switch  is  equipped  with  a  magnetic  blow-out 
which  should  force -the  arc  outward,  but  can  be  con- 
nected such  that  the  magnetic  forces  would  be  acting 
in  the  wrong  direction,  and  would  therefore  blow  the 
arc  inward.  Having  operated  in  the  forward  and  re- 
verse positions,  the  motor  cut-outs  are  moved  to  cut- 
out positions  and  the  different  combinations  checked 
for  single  motor  operation. 

The  final  motor  test  is  to  check  the  compound 
limit.  The  progression  of  the  switches  is  governed, 
through  the  control  circuits,  by  the  action  of  this  com- 
pound limit  as  it  lifts  and  drops  under  the  influence 
of  the  motor  current.  The  motor  brakes  are  therefore 
set  so  that  the  current  will  vary  enough  to  give  this  lift- 
ing and  dropping  effect.  With  the  limit  shunt  coil  de- 
energized,  the  master  controller  is  now  moved  quickly 
to  the  full  parallel  position,  and  the  value  of  the  cur- 
rent at  the  time  the  limit  drops  is  noted.  The  shunt 
coil  is  then  energized  and  the  previous  test  is  repeated. 
If  the  shunt  coil  is  connected  properly,  the  limit  disc 
will  drop  at  a  higher  current  value  than  when  Ihe 
shunt  coil  is  de-energized. 

The  wires  for  testing  are  now  disconnected,  and 
the  equipment  is  given  an  insulation  test  as   follows : 

From  the  600  volt  leads  and  contacts  to  ground 
3500  volts  alternating  current  is  applied  for  one 
minute.     Between    600    volt    leads,    with    the    switches 


FIG.    7 — SCHEMATIC    DIAGRAM    OF    CONNECTIONS 

Type  HL  unit  switch  control. 

open,  3500  volts  alternating  current  is  applied  for  five 
seconds.  All  control  wiring  is  tested  to  ground  with 
2500  volts  alternating  current  for  five  seconds.  Be- 
tween such  control  circuit  fingers  and  contacts  as  are 


90 


THE    ELECTRIC    JOURNAL 


open  in  the  operating  positions,  500  volts  is  applied 
for  five  seconds. 

A  final  inspection  is  then  given  the  equipment. 
The  tester  examines  all  switch  contacts  to  see  that  they 
make  even  contact.  Interlock  fingers  are  examined  to 
see  that  they  make  uniform  contact  and  have  a 
specified  pressure.  The  marking  of  all  control  and 
main  wiring  is  checked  to  see  that  it  conforms  to  the 
diagram  of  the  apparatus. 

A  knowledge  of  th^  troubles  liable  to  be  en- 
countered, and  the  method  used  ip  locating  them,  is 
also  valuable  to  the  repairman  who  has  to  find  these 
troubles  when  the  car  is  in  service.  It  is  not  absolutely 
essential  that  the  repairman  should  know  the  wiring 
diagram.  However,  it  is  obvious  that  a  working 
knowledge  of  the  diagram  will  enable  the  repairman 


following:  main  circuit  fuse,  control  circuit  fuse,  the 
air  at  the  switch  group,  which  should  be  from  50  to  70 
pounds.  Operating  the  switches  by  hand  will  prove 
whether  or  not  there  is  enough  air  at  the  group.  The 
overload  trip  is  checked  to  see  that  it  is  reset,  and  the 
trip  contacts  to  see  that  they  are  clean  and  making 
contact  with  the  disc.  The  master  controller  contacts 
and  fingers,  to  see  that  none  are  broken  and  that  they 
are  making  good  contact  with  the  drum.  The  control 
resistance  to  see  that  it  is  in  good  condition.  The  line 
relay  contacts  must  be  clean,  and  must  close  when  volt- 
age is  applied  to  the  coil.  If  air  is  leaking  out  of  the- 
magnet  valve  when  tlie  switch  is  open,  the  lower  valve 
parts  should  be  cleaned.  If  the  leak  occurs  when  the 
switch  is  closed,  the  upper  valve  parts  should  be 
cleaned.     However,    it    is    well    to    remember   that    it 


to  locate  the  trouble  much  quicker,  thereby  preventing 
cars  from  being  sent  to  the  barn  as  "dead  cars."  The 
control  schematic  diagram,  a  typical  example  of  which 
is  shown  in  Fig.  7,  should  be  studied  in  conjunction 
with  the  main  diagram.  This  control  schematic  is  a 
simple  form  of  diagram,  showing  at  a  glance  how  each 
magnet  coil  is  energized.  It  is  much  smaller  in  size 
than  the  main  diagram,  and  therefore  much  easier  to 
handle. 

The  repairman's  tool  box  should  always  contain 
a  main  circuit  fu.se,  a  control  circuit  fuse,  and  a  pump 
circuit  fuse.  The  matter  of  locating  trouble  can  be 
covered  best  by  considering  a  typical  so-called  dead 
car.  Assuming  a  case  where  the  car  is  dead  when  the 
repairman  arrives,  he  naturally  thinks  of  the  trolley 
voltage.  Having  assured  himself,  by  turning  on  the 
car  lights,  that  the  voltage  is  on,  he  should  check  the 


FIG.   8 — COMPLETE    WIRING   DIAGRAM 

Type  HL  unit  switch  control. 

would  have  to  be  a  very  bad  leak  to  prevent  switch 
operation.  If  the  car  will  run  in  one  direction,  and 
not  in  the  other,  it  is  probably  due  to  the  reverser  not 
throwing.  The  reverser  should  be  thrown  by  hand, 
and  the  wiring  checked  for  open  circuits  when  the  car 
is  in  the  barn.  If  the  car  will  not  accelerate,  it  is 
probably  due  to  the  limit  disc  not  making  contact.  This 
may  be  due  to  dirt  on  the  contacts,  or  it  may  be  due  to 
tight  brakes  which  cause  the  car  to  take  more  than 
normal  current,  thus  preventing  the  limit  relay  from 
dropping.  The  brakes  should  be  repaired  immediately, 
as  running  in  this  condition  will  burn  up  the  grid  re- 
sistance. If  after  cutting  out  a  pair  of  motors,  the 
car  will  not  operate,  the  control  contacts  on  the  cut- 
out drum  should  be  cleaned  and  checked  for  contact. 
A  study  of  these  conditions  will  enable  the  repairman 
to  pick  out  those  troubles  which  can  occur  in  his  par- 
ticular equipment. 
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W'THOUT  mica  the  modern  generating  unit  of 
twenty,  forty  and  sixty  thousand  kilowatts  ca- 
pacity, developing  energy  at  eleven,  twelve  and 
thirteen  thousand  volts,  would  be  an  unreliable  ma- 
chine, troublesome  and  expensive  to  its  owner,  and 
probably  for  its  maker  as  well.  The  controversy  as  to 
the  merits  of  mica  insulation,  which  existed  for  many 
years,  has  now  almost  disappeared,  as  those  v/ho 
favored  specially-treated  tapes,  have  gradually  become 
converts  to  its  use. 

In  an  industry  which  has  grown  from  almost  noth- 
ing to  enormous  proportions  in  the  short  space  of  thirty 
years,  conditions  peculiar  to  that  industry  generally  ex- 
ist. So  it  is  with  the  electrical  industry.  Even  today 
the  science  is  not  always  exact  and  cut  and  try  methods 
are  sometimes  resorted  to.  The  larger  manufacturers 
of  alternators  have  unhesitatingly  agreed  to  build  larger 
and  higher  speed  units,  with  consequent  complication 
and  difficulty  of  design,  as  the  growth  of  the  art  de- 
manded. 


FIG.    I — EFFECT   OF    CORONA    ON    A    PAPER   CELL 

The  good  qualities  of  mica  have  generally  been  re- 
cognized. It  is  admittedly  a  high  heat  resistant  ma- 
terial, a  good  dielectric,  and — of  importance  in  the  case 
of  high  voltage  units — impervious  to  static.  The  ob- 
jections to  the  use  of  mica  have  largely  been  related  to 
cost.  Mica  of  quality  best  suited  for  generator  work 
must  be  imported.  It  comes  in  thin  flakes  of  relatively 
small  area  and,  therefore,  requires  mechanical  support 
during  application.  It  is  somewhat  inflexible  and  re- 
quires a  stiff  coil  well  braced  against  short-circuit 
stresses,  where  it  projects  beyond  the  core.  Lastly,  im- 
properly applied  mica  insulation,  is  far  worse  than  good 
tape  insulation.  Therefore,  considerable  shop  equip- 
ment, skillful  workmanship  and  experience  in  applica- 
tion are  required  for  the  best  results. 

The  use  of  mica  insulation  for  alternators  dates 
back  to  1895,  when  a  most  ambitious  start  toward  the 
modern  generating  unit  of  large  capacity  was  made  by 
the  building  of  vertical  water-wheel  driven  machines  of 
5000  horse-power  capacity  each   for  use   at   Niagara 
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Falls.  To  the  designer,  the  problem  was  far  beyond 
anything  he  had  yet  attempted,  and  a  great  deal  of  study 
was  devoted  to  the  choice  of  design  and  materials  to  be 
used.  As  evidenced  by  later  day  knowledge,  the  deci- 
sion in  favor  of  mica  for  insulation  was  a  very  wise 
one.  A  single  copper  bar,  insulated  with  treated  cloth 
and  mica,  formed  the  armature  coil. 

Eddy  current  losses  in  the  large  bars  were  respon- 
sible for  winding  temperatures  considerably  higher  than 
the  calculated  PR  losses.  In  time  the  treated  cloth 
pulverized  and  in  part  disappeared.  As  it  went,  the 
natural  springiness  of  the  mica  caused  it  to  fill  out  the 
space  left  vacant,  and  held  the  coil  tight  in  the  slot.  The 
dielectric  strength  of  the  coil  was  not  seriously  im- 
paired, for  after  twenty  years  of  service,  it  still  with- 
stood insulation  tests  of  approximately  five  times  nor- 
mal operating  voltage.*  From  the  insulation  standpoint 
these  machines  are  still  serviceable,  although  they  will 
probably  give  way  before  long  to  units  of  almost  ten 
times  their  size.  Data  gathered  from  the  Niagara  ma- 
chines, and  from  others  of  that  period,  emphasized  the 
necessity  of  splitting  armature  conductors  into  sections 
of  relatively  small  area,  the  reduction  in  operating  tem- 
perature and  the  increase  in  efficiency  gained  thereby, 
fully  warranting  the  change  in  design. 

For  several  years,  partially  closed  armature  slots 
were  standard.  Some  coils  were  formed  by  threading 
round  or  rectangular  wire  through  the  slots,  one  turn 
at  a  tiine.  Others  had  the  straight  core  sections  fully 
insulated  and  were  pushed  through  the  slots  and  sepa- 
rate connections  made  for  the  end  turns  or  cross-con- 
nections. Generally  both  types  had  mica  between  the 
conductors  and  the  core. 

Gradually  the  theoretical  advantages  in  perform- 
ance of  the  closed  slot  type  of  machines  were  abandoned 
and  the  open  slot  type  became  general.  A  substantial 
reduction  in  winding  costs  and  greater  facility  in  mak- 
ing repairs  were  gained.  Wooden  or  metal  formers, 
hundreds  of  which  were  necessary  for  the  many  sizes 
of  coils  for  different  ratings  and  speeds,  were  super- 
seded by  the  adjustable  coil  "puller",  a  single  machine 
being  capable  of  adjustment  for  the  manufacture  of 
many  different  coils.  The  present  "diamond"  shaped 
coil  became  standard  for  all  but  high  speed  turbogen- 
erators which  have  a  long  coil  throw. 

As  these  decided  improvements  in  insulation  design 
were  incorporated  in  newer  machines,  occasional  oper- 
ating difficulties  were  still  encountered.  What  would 
have  been  absolutely  safe  and  reliable  for  the  old  rat- 


*See    article    on    "Temperature    Tests    of    Niagara    Falls 
Generators"  by  T.  Spooner,  in  the  Journal  for  Apr.  '16,  p.  192. 
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ings  and  design  proportions,  was  sometimes  not  quite 
good  enough  for  the  larger  or  the  higher  speed  unit. 
Transmission  systems  became  more  complex,  generat- 
ing plants  were  gradually  parallelled,  then  entire  sys- 
tems were  tied  together.  Conditions  external  to  the 
machines,  and  for  protection  against  which  the  ui;its 
were  not,  and  sometimes  could  not  be  adequately  pio- 
portioned  were  occasionally  met. 

For  a  long  time,  cotton  only  was  used  as  insulation 
between  adjacent  conductors,  and  between  parallel 
strands  of  the  same  conductor.  Embedded  tempera- 
ture detectors  disclosed  facts  regarding  internal  tem- 
peratures which  no  previous  available  methods  of  meas- 
urement had  shown.  Relatively  high  internal  tempera- 
tures were  reduced  by  a  greater  sectionalization  of  the 
coil  and  by  better  ventilation,  and  rendered  less  objec- 
tionable by  the  substitution  of  mica  or  asbestos  for  both 
conductor  and  strand  insulation. 

With  generator  voltages  above  lo  ooo  volts  electro- 
static stresses  sufficiently  high  to  break  down  air  often 
occur,  particularly  at  points  and  corners  of  ground  po- 
tential such  as  the  edges  of  projecting  lammations  and 
the  edges  of  the  core  ventilating  ducts.  The  "static" 
or  corona  that  results  is  accompanied  by  the  formation 
of  nitrous  oxide  and  nitric  acid  gases  that  affect  some 


FIG.    2 — PULLING    MACHINE   USED    TO   FORM    ARMATURE    COILS 

insulating  materials  harmfully.  Fig.  i  shows  the  ef- 
fect of  corona  after  one  year's  operation  of  a  12000- 
volt  generator  on  the  paper  cell  used  to  protect  the 
armature  coil  from  the  edges  of  the  laminations  during 
winding.  It  will  be  seen  that  the  paper  has  been  com- 
pletely riddled  with  holes,  each  light  line  in  the  illus- 
tration representing  a  hole  in  the  paper  cell.  The  por- 
tions of  the  cell  unaffected  by  the  corona  were  adjacent 
to  the  air  ducts.  This  generator  was  mica  insulaied 
(with  a  hand-wrapped  mica-and-paper  wrapper)  and 
the  armature  coils  themselves  were  unaffected  by  the 
corona.  This  generator  has  l^een  in  successful  opera- 
tion for  over  eight  years. 

When  the  first  turbogenerators  for  supplying 
power  for  the  New  Haven  single-phase  electrification 
were  built  in  1907,  the  armature  coils  were  insulated 
with  treated  cloth  tape.  These  generators  were  oper- 
ated at  II  000  volts  with  one  terminal  grounded  which 
is  equivalent,  from  an  insulation  standpoint,  to  a  19000- 
volt  generator  with  the  neutral  at  ground  potential. 
These  /irst  windings  failed  mechanically  within  a  few 
months  due  to  the  large  number  of  severe  short-circuits. 
When   the  windings  were  removed  it  was  found  that 


disintegration  of  the  treated  cloth  by  corona  had  begun 
and  it  would  have  been  only  a  matter  of  months  before 
the  windings  would  have  failed  from  this  cause.  The 
generators  were  rewound  with  mica-insulated  coils  Mid 
during  ten  years'  operation  since  no  damage  from 
corona  has  been  experienced. 


FIG.    3 — COILS     AFTER     IMPREGNATION     AND     WITH     HAND     WRAPPED 
MICA   WRAPPER  APPLIED  AND  TAPED 

These  and  many  other  instances  have  shown  that 
cloth  and  paper  insulations  are  very  apt  to  fail  if  used 
in  high  voltage  generators  but  that  mica  insulation  is 
practically  immune  to  the  attacks  of  "static."  In  built- 
up  mica  and  paper  insulation  the  first  layer  of  mica 
protects  the  paper  underneath  it. 

A  "corona  protector"  has  been  used  in  some  cases 
with  treated  cloth  insulations  to  minimize  the  harmful 
effects  of  corona  upon  this  insulation.  This  consists  of 
a  metallic  sheath  of  tinfoil  tape  wound  spirally  around 
the  outside  of  the  insulation  on  the  straight  parts  of  the 
coils.  This  tin  foil  is  grounded  at  one  end  of  the  coil. 
This  protector  decreases  the  corona  by  bringing  a  uni- 
form smooth  surface  at  ground  potential  in  close  con- 
tact with  the  coil.  At  the  beginning  and  end  of  each 
section  of  tin  foil  there  is  a  concentration  of  stress  and 
additional  insulation  is  required  at  these  points.  If  the 
ground  connection  is  broken  the  protection  is  lost.  If 
the  continuity  of  the  tape  is  broken  the  ends  of  the  tape 
at  the  break  are  sources  of  danger.  In  investigatuig 
this  point,  it  was  found  that  a  coil  with  tin  foil  broke 
down  at  the  end  of  the  tin  foil  at  29  500  volts  and  a 
duplicate  coil,  without  the  tin  foil,  broke  down  at 
38  000  volts,  an  increase  of  nearly  30  percent.     At  best, 


FIG.   4 — CO.MPLETED    DIAMOND   COILS    READY    FOR    MACHINE   WINDING 

the  tin  foil  tape  is  bulky  and  occupies  space  that  can  be 
better  used  for  copper  or  insulation. 

The  tin  foil  used  as  a  protection  against  corona 
should  not  be  confused  with  condenser  type  insulation. 
In  the  latter,  concentric  layers  of  tin  foil  are  placed  at 
intervals  throughout  the   insulation  and   serve  to  dis- 
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tribute  the  electrostatic  potential  uniformly  through  the 
insulation.  The  grounded  tin  foil  protector  on  the  sur- 
face of  the  coil  does  not  modify  the  distribution  of  po- 
tential through  the  thickness  of  the  insulation ;  it  modi- 
fies it  only  along  the  surface  of  the  insulation. 

Exceptionally  rapid  progress  in   insulation  design 
has  taken  place  in  the  past  five  or  six  years.     Steam 
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FIG.    5 — TOr — rREPARING  COIL  FOR  M.^CHINE  APPLIED   MirA  WRAl'PER 
BOTTOM — COMPLETED    COIL 

turbine  units  of  fifteen,  twenty  or  twenty-five  thous;uid 
kilowatts  have  become  quite  usual.  Waterwheel  sets  of 
ten,  twenty  and  thirty  thousand  or  more  kilowatts  are 
no  longer  viewed  with  distrust.  The  damage  to  units 
of  such  size  when  break-downs  occur,  and  the  great  loss 
of  revenue  through  their  idleness,  emphasize  the  practi- 
cal necessity  of  the  greatest  care  and  experience  in  the 
building  of  that  part  of  the  machine  which  is  so  fre- 
quently the  cause  of  shut-downs. 

The  latest  types  of  armature  coils  may  be  divided 
into  three  general  classes : — 

/ — Coils  for  service  in  machines  having  a  rela- 
tively narrow  core,  in  which  the  internal  temperatures 
are  not  appreciably  higher  than  those  measurable  by 
thermometer,  and  where  the  total  maximum  operating 
temperature  will  not  exceed  105  degrees  C.  Cotton  in- 
sulation, suitably  impregnated,  is  suitable  for  both  con- 
ductor and  parallel  strand  insulation.  A  mica  wrapper 
is  used  on  the  coil  sides  embedded  in  the  armature  iion, 
and  treated  tape  over  the  end  turns. 


FIG.   6 — MICA   WRAPPER  BEING  APPLIED   IN    MACHINE 

2 — Coils  for  machines  of  high  voltage,  or  having 
very  wide  cores  or  both,  where  higher  internal  tem- 
peratures may  be  found,  should  have  both  parallel 
strands  and  adjacent  conductors  insulated  with  mica 
tape   over   the   entire   periphery.     A   mica    wrapper   is 


used  for  insulation  between  coils  and  core  on  the 
straight  sides,  and  treated  tape  on  the  end  turns. 

Copper  wires  or  strands  having  a  rectangular  sec- 
tion are  used  for  all  but  the  very  smallest  alternators. 
This  section  gives  greater  current  carrying  capacity  for 
equal  space  than  a  round  wire,  and  it  results  in  a  stiffer 
and  more  rugged  coil.  The  wires  may  be  formed  over 
a  coil  former,  or  the  number  of  turns  wanted  wound  on 
a  shuttle  and  pulled  to  the  final  shape  of  the  coil  in  a 
coil  puller,  as  shown  in  Fig.  2. 

Wires  may  be  cotton  covered  or  bare,  depending 
on  the  grade  of  coil  wanted.  If  cotton  covered,  after 
forming  they  aix  impregnated,  or  first  treated  with 
Bakelite,  and  then  impregnated.  If  bare,  they  are  in- 
sulated by  hand  with  mica  tape  after  the  forming  or 
pulling  process,  then  bakelized  and  impregnated. 

The  impregnating  process  is  a  combined  heat  and 
vacuum  one.     The  coils  are  put  into  tanks,  the  air  is 


FIG.    7 — SECTION     OF     A      laOOO     VOLT,     MACHINE     WRAPPED,      MICA 
INSULATED   COIL 

Insulation  bevelled  off  showing  percentage  of  mica  used 
and  tightness  of  application.  Light  colored  lines  are  mica ; 
the  darker  lines  between  are  the  mechanical  paper  support. 

exhausted  from  the  tank,  and  well  heated  and  softened 
varnish  gum  forced  in.  This  process  is  designed  to 
eliminate  air  pockets  from  between  turns,  and  to  sub- 
stitute a  gum,  which  is  a  better  heat  conductor. 

A  mica  wrapper  is  then  applied  to  the  straight  sides 
of  the  coil,  or  those  sections  which  go  into  the  armature 
slots.  For  2400  volt  service  or  lower,  this  consists  of  a 
special  paper  on  which  thin  flakes  of  mica  have  been 
pasted.  It  is  wrapped  as  tightly. by  hand  as  is  possible, 
and  a  retaining  layer  of  tape  is  bound  on.  The  end 
turns  are  well  insulated  with  treated  tape  and  the  joint 
between  the  mica  and  the  tape  is  sealed  with  varnish. 
A  slight  taper  at  the  joint  simplifies  and  improves  this 
operation. 

Where  a  relatively  thick  wall  of  insulation  is  re- 
quired between  conductors  and  core,  as  for  6600, 
II  000,  130CO  volt  machines,  the  insulation  has  its  heat 
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radiating  characteristics  improved  and  the  wall  made 
slightly  thinner  by  applying  the  wrapper  by  machinery. 
The  machine  wrapper  is  similar  to  that  used  for  the 
hand  process,  except  that  the  paper  backing  can  be 
somewhat  thinner,  so  that  the  percentage  of  mica  to 
paper  is  increased.  After  applying  the  wrapper  loosely 
by  hand,  the  coil  is  set  up  in  a  machine,  and  electrically- 
heated  arms  soften  the  shellac  coating  and  exert  a  uni- 


form pressure  while  revolving  around  the  coil  side,  as 
shown  in  Fig.  6.  The  end  turns  are  taped  and  sealed  as 
before. 

Both  types  of  coils,  that  is  with  hand  and  machine 
applied  wrappers,  are  pressed  and  calipered  accurately 
to  size  to  fit  snugly  into  the  armature  slots  inside  a 
heavy  paper  cell.  After  winding  into  slots  the  end  turns 
are  well  tied  and  braced  against  distortion. 


\f/ 
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E.  W.  Manter 

Boston  District  Office, 

Westinghouse   Electric  &  Mfg.   Company 


TiE  manufacture  of  celluloid  articles  requires  the 
application  of  considerable  heat  to  soften  the 
celluloid  stock  during  certain  of  the  manufactur- 
ing processes,  as  the  stock  can  be  worked  properly  only 
at  temperatures  varying  from  165  to  190  degrees  F. 
according  to  the  nature  of  the  operation.  When  so 
heated  the  celluloid  is  pliable  and  may  readily  be 
chiseled,  molded  or  stamped  as  occasion  requires. 

For  the  heating  of  this  material  many  manufactur- 
ers have  used  flat  steam  tables,  supplied  with  steam  at 
50  lb.  pressure.  The  steam  tables  are  liable  to  cause 
considerable  trouble,  however,  due  to  lack  of  suitable 
temperature  control  and  there  is  also  frequent  trouble 
with  steam  condensation,  which  causes  flooding,  making- 
it  difficult  to  obtain  uniform  temperatures.  These 
operating   difficulties,   together   with    the    scarcity   and 


FIG.    I — F.LECTRIC    HEATING    TABLE 

poor  quality  of  fuel  during  the  winter  of  1917-1918 
caused  the  Ideal  Comb  Co.  of  Lowell,  Mass.  to  experi- 
ment with  electric  tables.  They  made  arrangements  to 
purchase  power  from  the  Lowell  Electric  Light  Cor- 
poration and  obtained  a  16  by  24  inch  electric  table 
having  three  heat  control  with  current  consumptions 
of  1800,  900  and  450  watts  respectively.  The  success- 
ful operation  of  this  table  soon  led  to  the  installation 
of  eleven  similar  tables.  As  it  is  necessary  to  heat  the 
celluloid  for  every  operation,  the  tables  were  distributed 
in  the  embossing,  chiseling  and  finishing  departments. 
These  electric  tables  can  be  heated  to  working  tempera- 
tures in  ten  minutes  and  can  be  maintained  at  any  one 
of  the  three  operating  temperatures  with  practically  no 
temperature  fluctuations. 

This  factory  manufactures  combs,  barrettes  and 
imitation  tortoise  shell  eye  glass  rims  from  flat  celluloid 
stock.     In   the   manufacture   of   straight   combs,   large 


sheets  of  flat  celluloid  stock  about  0.125  inch  thick  are 
sheared  into  flat  pieces  of  eight  or  nine  inches  long  and 
about  2.25  inches  wide.  A  piece  of  this  size  is  suf- 
ficient for  two  combs.  The  next  operation  is  emboss- 
ing, in  preparation  for  which  a  number  of  pieces  are 
heated  on  the  electric  tables.  When  these  pieces  have 
reached  the  proper  temperature  they  are  placed  in  the 
die  of  the  power  press,  which  embosses  a  design  on 
either  or  both  sides.  These  embossed  pieces  are  now 
ready  for  the  chiseling  machines.  They  are  heated 
again  to  a  pliable  state  on  electric  tables  and  are  run 
through  the  chiseling  machine.  This  machine  has  a 
\'ertical   knife   which    cuts   the   celluloid   to   form   two 


FIG.    2 — EMBOSSING     PRESSES    WHICH     PRESS    THE    DESIGN    ON    THE 
DOUBLE   COMB   BLANK 

combs  dovetailed  together,  which  are  readily  stripped 
apart,  while  the  material  is  still  warm.  By  this  method 
only  two  small  pieces  of  stock  at  the  ends  are  wasted. 

The  next  operation  is  called  "burring"  for  which 
no  heat  is  necessary.  The  so  called  "burr"  used  for 
this  operation  is  a  circular  cutter  having  five  circular 
cutting  blades  which  smooth  five  comb  teeth  at  a  time. 
With  this  tool  the  teeth  are  tapered  down  to  a  blun: 
point.  The  combs  are  then  polished,  which  on  certain 
classes  of  work  is  done  with  rag  wheels  and  on  others 
with  a  chemical  bath,  whose  chief  component  is  acetic 
acid.  When  combs  are  polished  chemically  they  are 
dipped  in  the  solution  and  dried  in  a  large  wooden  com- 
partment which  has  steel  clad  electric  heaters  at  the 
bottom,  furnishing  a  very  mild  heat.     After  this  dry- 
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ing  process  the  combs  are  ready  to  be  packed  for  ship- 
ment. Curved  combs  are  subjected  to  another  heating 
process,  preHminary  to  the  bending  operation  shown  in 
Fig.  4. 

The  principal  saving  produced  by  the  use  of  the 
electric   heaters   is   time.     In   the   embossing  operation 


FIG.    3 — MB.-^TINC   THE  FLAT   STRIPS   ON   THE   ELECTRIC   TABLE  BEFORE 
EMBOSSING   THE  DESIGN 

an  operator  who  formerly  turned  out  12  gross  per  day 
on  the  steam  table,  increased  his  production  to  14  gross 
per  day,  also  reducing  the  spoilage  by  more  than  half. 
Owing  to  the  better  temperature  control  of  the  elec- 
tric tables,  the  manufacturers  also  found  that  they  could 
use  lighter  weight  stock  and  secure  equally  good  results. 
For  example  0.14   inch   thick  flat  was   formerly   used 


Fir,.    4 — ELECTRIC   TAT.LES    REHEAT   THE   r.I.ANKS    WHICH    HAVE  BEEN 
EMBOSSEn    IN    READINESS    FOR    THE   CHISELING    MACHINE 

to  manufacture  large  combs ; — now  they  are  using  stock 
of  0.125  inch  thickness,  which  produces  a  considerable 
saving  in  raw  material. 

To  determine  the  cost  of  operating  an  electric 
table,  the  Lowell  Electric  Light  Corporation  connected 
a  single-phase  watthour  meter  with  the  trial  table. 
This  table  was  operated  continuously  on  medium  heat 
for  certain  work  and  on  low  heat  for  lighter  work.     As 


a  result  of  several  days  test  it  was  found  that  the  cost 
of  operating  on  medium  heat  all  day  was  17  cents  and 
on  low  heat  9  cents.  The  rate  for  electric  heating  was 
the  same  as  their  power  rate  which  averaged  2.25  cents 
per  kw-hr.  The  total  cost  of  current  used  in  making 
combs  by  electric  heat  did  not  exceed  three  cents  per 
gross.  Tests  to  determine  the  uniformity  of  heat  se- 
cured with  a  table  which  had  been  in  operation  several 


FIG.    5 — HEATING  COMBS  IN  ORDER  TO  BEND  THEM  OVER  THE  WOODEN 
FORMS  SHOWN  ON  THE  BENCH 

months  showed  that  the  widest  variations  in  tempera- 
ture in  a  three  hour  test  did  not  exceed  1.5  percent. 

With  respect  to  economy  of  operation,  the  Hon. 
James  B.  Casey,  treasurer  of  the  Company  stated  that 


FIG.   6 — HEATING     THE     OVAL     BLANKS     USED     FijR     STAMPIiN'G     OUT 
EARRETTE    FRAMES 

by  installing  electric  drive  and  electric  tables,  lie  had 
reduced  the  operating  expenses  by  more  than  one-half. 
In  addition,  the  production  has  increased  25  percent 
and  spoilage  is  now  reduced  to  a  minimum,  solely 
through  the  adopting  of  electric  tables. 
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Three-i^Lase  lo  Two-Phnse  ■.rrajisforiiiaiio'd  v/lch  -Sin^'^lo-l'lins-o 

E.  G.  Ki:tD 
HI:.  Scott  connectifjii  is  the  one  most  commonly 
used  for  a  three-phase  to  two-phase  transforma- 
tion.    Its  main  advantages  are  that  practically 


standard  transformers  are  used,  only  two  units  are  re- 
quired, and  the  excess  of  transformer  capacity  required 
over  the  k.v.a.  transformed  is  not  great.  The  main  and 
teaser  units  required  for  the  transformation  can  be 
made  duplicates  of  each  other,  and  thus  interchangeable 
without  great  additional  expense.  The  practical  im- 
portance of  this  connection  therefore  Warrants  the  fol- 
lowing analysis  as  to  the  voltage  regulation  secured 
under  load  conditions. 

The  vector  relations  of  the  voltages  and  current? 
for  a  three-phase  to  two-phase  transformation  are 
shown  in  Fig.  i.  With  a  load  having  a  lOO  percent 
power-factor  the  voltage  and  current  in  the  teaser  trans- 
former are  in  phase,  but  in  the  main  unit  the  voltage 
and   current   are   30   degrees   out   of   phase.     For   this 


£2  the  voltage  on  the  two-phase  side, 
two  equations  gives, — 

/l,B  = 


Combining  these 


FIG.    I — TWO    TR.\NSFORMERS    SCOTT    CONNECTED    FOR    THREE-PHASE 
TO   TWO-PHASE   TRANSFORM.\TION 

Showing  vector  relations  of  voltage  and  currents,  with  a 
ratio  of  voitage  transformation  of  unity.  Vector  M  represents 
the  current  in  the  three-phase  winding  which  balances  the  two- 
phase  current  h-.^  in  the  main  transformer. 

reason  the  ratio  of  the  k.v.a.  of  transformer  capacity 
required  to  the  k.v.a.  transformed  is  greater  than  unity. 
The  current  in  the  main  transformer  /cc  may  be  thought 
of  as  being  made  up  of  the  two  components  0.5  /^b  and 
the  current  at  right  angles  to  0.5  /m,  which  counter- 
balances the  current  /k,.  on  the  two-phase  side  of  the 
main  transformer.  The  current  /^a  is  also  made  up  of 
two  similar  components. 

Fig.  2  shows  the  two  transformers  connected  for 
the  three-phase  to  two-phase  transformation.  Assum- 
ing a  balanced  load  on  the  transformer  group,  the  cur- 
rents in  the  three-phase  and  two-phase  windings  are, — 
K.v.a  Iran'foniied 


and 


/i.i.  = 


/.,o  = 


r.73  E-^ 
A'.z'.a.  /ninr/ormed 


S-  £■. 

.  .,  .~Ei  ^''"  "  '-'^-^  luJ'"^ '^'^ 

The  transformer  capacity  required  for  this  trans- 
formation is  equal  to  the  sum  of  the  products  of  the 
voltage  and  currents  for  the  several  parts  of  the  wind- 
ings. 

K .v.a.  rating  of  threc-f>hase  side  of  group  = 

E:  {l\,v.-^  0.S66  Ab)    =  I.S6b  E:;  /,,B 

k'.z'.a.  rating  uf  two-phase  side  of  group  =  2  E-  /,in 

.^,,,,              ,.         ,          ,.           '.S66  E-,  h,^+2  E-2  /dn 
jotat  A  .v.a.  rattng  of  grouping  =  

Substituting   in   this   expression    the   value   of   /bs 

from  equation   ( I ) ,  gives, — 

Total  /\'.v.a.  taliiig  0/ group  = 

Ej. 

E.: 


/.S66    E: 


The  It. 


And 


/,1D  -I-  2  /T-.'/.U) 
=  2.0jy  £■  /,1D 

'.a.  transformed  =  2  E-i  Lm 


Total  k.v.a.  rating  of  group       2.0//   E-2  /<in 


K.v.a..  tnuisfotmed 


2  E,  /,il 


i.ot. 


•(-') 


FIG.    2 — TWO    SCOTT    CONNECTED    TE.\NSFORMERS    FOR    THREE-PHASE 
TO    TWO-PHASE    TRANSFORMATION 

If  the  two  transformers  are  identical,  that  is,  in- 
terchangeable with  each  other,  then, — 


Total  X'.i'.a.  of  group  =  ■ 
Then, — 
Total  k.v.a.  rating  of  group 


2  E:;  /./SS-/r/'l'>+'^EjI„o 


.'35  E,  U 


E,    /„D 


0) 


Where  £3  is  the  voltage  on  the  three-phase  side  and 


K.v.a.  Iransf'ormed  ~      2  E<  /jp       ~     " 

The  regulation  of  a  Scott-connected  group  of  trans- 
formers is  a  matter  of  some  importance  and  it  m.ay  be 
determined  in  a  manner  similar  to  that  used  for  the  two 
transformers  connected  in  open  delta.  The  impedance 
values  necessary  to  determine  the  regulation  might  be 
measured  under  the  actual  conditions  of  two-phase  to 
three-phase  transformation,  but  it  is  more  usual  to  base 
the  calculations  on  the  single-phase  measurements  made 
under  the  proper  conditions  on  the  transformers. 
These  single-phase  impedances  can  also  be  approxi- 
mately calculated  more  easily  than  the  three-pha.se  im- 
pedances, if  the  required  design  data  are  at  hand. 

In  the  circuit  BC  Fig.  2,  there  are  three  imped- 
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ances.  The  first  is  through  the  teaser  transformer,  and 
is  the  normal  impedance  of  tht  transformer  measured 
with  a  single-phase  current  equal  to  /bB-  The  other 
two  impedances  are  in  the  main  transformer.  The  first 
of  these  can  be  measured  with  a  single-phase  current 


FIG.    3 — CONNECTION     FOR    DETERMINING    THE    IMPEDANCE    OF    THE 
MAIN    TRANSFORMER    IN    THE    SCOTT    CONNECTION 

equal  in  value  to  /bB,  and  with  the  connection  shown 
in  Fig.  3.  This  measurement  gives  the  impedance  drop 
through  each  half  of  the  main  transformer  with  the 
current  0.5  /bB  in  each  half,  and  is  the  vector  sum  of 
the  resistance  drop  in  each  half  and  the  reactive  ele- 
ment due  to  the  magnetic  separation  of  the  two  halves 
of  the  winding  on  the  three-phase  side  with  respect  to 
each  other.  The  third  impedance  drop  is  one-half  of 
that  in  the  main  transformer  measured  with  a  current 
in  the  two-phase  side,  equal  to  that  flowing  in  that  wind- 
ing under  normal  operating  conditions.  The  imped- 
ances in  the  phase  AB  are  the  same  as  those  in  the 
phase  BC.  The  impedance  in  the  phase  CA  is  that  of 
the  main  transformer,  measured  with  the  normal  operat- 
ing current  in  the  two-phase  winding. 

Let  these  three  impedances  be  expressed  vectoriallv 
as  follows 

I — Single-phase  impedance  of  the  teaser  transfor- 
mer, measured  with  the  current  /^b  in  the  three-phase 
winding, — 

JZ,  =  IR^  +  IX, (7) 

2 — Single-phase  impedance  of  the  main  transfor- 
mer measured  as   shown   in   Fig.   3,   with  the   current 
0.5  /bB  in  each  half  of  the  three-phase  winding, — 
/Z,  =  //?,  -I-  /.v. (5) 


FIG.   4— VECTOR     RELATIONS     FOR     A     TWO-PHASE     TO     THREE-PHASE 
TRANSFORMATION 

On  the  three-phase  side,  for  a  load  having  a  100  percent 
power-factor,  with  a  ratio  of  voltage  transformation  of  unity. 
An  enlarged  diagram  of  the  vectors  between  £bc  and  £'bo  is 
shown  at  the  left  drawn  to  scale  for  the  values  given  in  the 
example. 

3 — Single-phase  impedance  of  the  main  transfor- 
mer measured  with  normal  operating  current  in  the 
two-phase  winding, — 

IZ.^  =  //?:,  +  /A', (6) 


The  im[)eclance  in  phases  BC  and  AB  is 
/Zj  -f  IZ2  +  0.5  /Z3,  and  the  total  drop  in  voltage  across 
the  phase  BC,  for  example,  is  the  vector  sum  of  the 
three  Imnciance  triangles  in  this  phase,  shown  in  Fig.  4. 
The  vector  £bc  is  the  voltage  of  this  phase  at  no  load 
and  £'bc  is  the  voltage  of  the  same  phase  at  nornial  full 
load.  Since  the  resistance  drop  components  of  the  im- 
pedance triangles  in  phase  BC  are  in  phase  with  the 
currents  /i,b  and  /eo  respectively,  the  phase  relation  of 
the  voltage  £'bc  and  the  IR  component  of  the  equiva- 
lent impedance  triangle  across  the  phase  BC  can  be  de- 
termined.    In  the  symbolic  notation,  for  this  phase, — 

/A>  =  /A'l  -f  //>',.  +J  0.5  /A'r. (7) 

/.V  =  /A',  +  /A',  +  j  0.5  IX,. (.s') 

Therefore  the  regulation  of  phases  BC  and  AB, 
by  the  use  of  equations  (11)  and  (12),  Section  \T,  is,^ — 

IR  cos<^^  IX  dn<i> {•-)) 

The  angle  *>  as  shown  in  Fig.  5  is  that  between  the 
IR  component  of  the  equivalent  impedance  triangle  and 
the   voltage   vector   £'bc.     In   order  to   determine   this 
I.-. 


FIG.    5 — VECTOR     RELATIONS     OF    THE    VOLTAGES     AND    CURRENTS     OF 
THE   PHASE  BC 

To  an  enlarged  scale,  for  a  load  whose  power-factor  is  cos.  0. 

angle  '>,  the  angle  between  //?i  and  IR  must  be  known. 
This  angle  is, — 

.      ,     0.5  I R^ 


and  therefore,- 


=  Q  -\-  JO"  —  tan- 


IRx  -I-  IR« 


0.5  IR,. 


{10) 


IRi+  IRi 

where  &is  the  angle  whose  cosine  is  the  power- factor  of 
the  load.  In  equation  (9)  the  minus  sign  is  used  when 
the  vector//?  is  ahead  in  phase  relation  of  the  voltage 
£'bc,  and  the  plus  sign  where  IR  is  behind  £'bc  in  phase. 
The  impedance  in  the  phase  CA  is  /Z3,  as  shown  in 
Fig.  4.  The  resistance  drop  component  of  the  imped- 
ance is  in  phase  with  the  current  /eE-  The  regulation 
of  this  phase  is,- — 

JR..  cos  g  ^  /.Vi)  sill  0 ." (//) 

where  6  is  the  angle  whose  cosine  is  equal  to  the  power- 
factor  of  the  load.  The  minus  sign  is  used  when  the 
//?3  component  of  the  impedance  drop  is  in  advance  of 
£'cA  in  phase  and  the  plus  sign  when  it  is  behind  £'ca 
in  phase  relation. 

Example — What  is  the  regulation  on  the  three-phase  side 
of  a  Scott-connectcd  group  of  transformers,  when   the  resist- 
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ance  and  reactive  drops  under  this  condition  are  expressed  in 

percentages  as  follows, — 

IRi  =  1.6  /.Vi  =  3.2 

IRi  =  <■..'  IX.  =  2.0 

IR.:.  =  /./  IX,  =  3.S 

and  for  a  balanced  load  having  power-factor  of  80  percent? 
From  equations   (7)   and   (8), — 


Ik'  =  \i{i.6  +0.2)-+  [—\'  =  1.97  peirail. 
/A-  =  \^U.2  +  •?.o)=  +  i^^Y  =  5.49  pme,it. 


FIG.    6 — VECTOR     RELATIONS     FOR     A     THREE-PHASE     TO     TWO-PHASE 
TRANSFORMATION 

On  the  two-phase  side,  for  a  load  whose  power-factor  is  cos.  6. 


From  equation   (10), — 

<A  =  37"  +  Jt'"  - 


T.5  X  1.7  _ 
r.6  -f-  0.2  ~  -f^" 


From  equation   (9)    the  regulation  is,— 

1.97  X  0.7^3  +5.49  X  0.669  =  5-'4penent. 
The  regulation  of  phase  CA  from  equation  (11)  is, — 

/./  X  o.S  -\-  3.5  X  0.6  =  3.46  pcn-ent. 

If  the  two  halves  of  the  three-phase  winding  on 
the  main  transformer  were  not  properly  interconnected, 
(Fig.  7  shows  the  correct  interconnections.*)  IX.^ 
would  be  greatly  increased  in  comparison  with  the 
value  used  in  the  above  example.  The  calculations  in- 
dicate that  if  /Xj  is  increased,  the  regulation  of  phases 
BC  and  AB  would  be  poorer,  and  also  that  the  regula- 
tion of  phase  CA  would  not  be  affected. 

This  reasoning  regarding  regulation  is  based  on  the 
assumption  of  balanced  three-phase  voltages  delivered 
by  the  transformers  at  no  load,  and  a  balanced  three- 
phase  load.  Under  these  conditions  the  vector  sum  of 
the  three  load  voltages  at  full  load  would  be  equal  to 
zero,  and  consequently  the  vector  sum  of  the  imped- 
ance drop  in  the  three-phases  would  be  also  equal  to 
zero.  That  this  is  true  is  evident  from  a  study  of  the 
impedance  triangles  in  the  three  phases  in  Fig.  4. 

An  examination  of  Fig.  6  indicates  that  the  regu- 
lation of  the  phase  ED  is  the  same  as  the  regulation  of 

*See  article  by  the  author  on  "Magnetic  Leakage  in  Trans- 
formers" in  the  Journal  for  May,  1910,  p.  396,  from  which 
Fig.  7  is  repeated. 


the  phase  CA  on  the  three-phase  side.  The  impedance 
in  the  phase  FG  is  the  same  as  that  in  the  phases  BC 
and  AB  on  the  three-phase  side.  Therefore,  the  regu- 
lation of  phase  FG,  is 

IR  cos  0  =F  IX sin4> {12) 

when  IR  and  IX  are  given  by  equations  (7)  and  (8). 
The  angle  <P  between  the  IR  component  of  the  equivalent 
impedance  triangle  and  the  voltage  £'fg  is 
0.5  IRs 


i  —  tan- 


(/J) 


Ik\  +  IR.2 

The  minus  sign  in  equation  (12)  is  used  when  IR 
in  Fig.  6  is  in  advance  of  the  voltage  £'fg  in  phase  re- 
lation and  the  plus  sign  when  it  is  behind  £'fg  in  phase. 

Example — What   is   the   regulation   on   the   two-phase   side 
of  a  Scott  connected  group  of  transformers,  when  the  resist- 
ance and  reactive  drops  under  this  condition  are, — 
/A'l  =  /.6  IX,  =  3.2 

IR«  =  0.2  IX-,  =  2. 

IR:  =  /.7  /-V.  =  3-5 

and  for  a  balanced  load  having  an  80  percent  power- factor? 

The  regulation  of  phase  ED  is  the  same  as  for  the  phases 
CA  on  the  three-phase  side  in  the  preceeding  example  or  3.46 
percent.  For  the  phase  FG  the  regulation  is  calculated  as  fol- 
lows,— 

From  equation  (13)  the  angle  (f)  =  37"  —  23"  =  12" 

From  equation  (12)  the  regulation  is 

1 .97  X  0.97S  -\-  3.49  X  0.20S  =  3.07 percent. 

It  is  apparent  that  a  large  increase  in  the  value  of 
/A'2  resulting  from  improperly  interconnected  windings 
would  not  change  the  regulation  of  phase  ED  on  the 
two-phase  side,  but  would  increase  the  regulation  of  the 
phase  FG. 

sor.Tjp 


FIG.    7 — INTERCONNECTIONS  OF  COILS  ON  A  CORE  TYPE  TRANSFORMER 

For   three-phase — two-phase   transformation. 

A   summary  of  the  regulation   calculated    for   the 
two  examples  given  is, 

For  Thrce-Phasc  Side 

a — For  phase  BC,  5.14  percent, 
b — For  phase  AB,  5.14  percent, 
c — For  phase  CA,  3.46  percent. 

For  Two-Phase  Side 

a — For  phase  ED,  3.46  percent, 
b — For  phase  FG,  3.07  percent. 
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Geo.  E.  Wagner 

Superintendent  of  Plants. 
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THREE-PHASE  current  was  at  first  distributed 
over  three-wire  circuits.  In  this  system  trans- 
formers for  lighting  purposes  are  connected  be- 
tween any  two  lines  and  for  three-phase  power  they 
are  connected  in  delta  on  both  primary  and  secondary 
side.  This  connection  is  shown  on  Fig.  i  and  is  gen- 
erally referred  to  as  the  delta-delta  connection. 

Shortly  before  1900,  three-phase,  four-wire  distri- 
bution was  developed,  increasing  the  line  voltage,  there- 
by reducing  the  size  of  wire  and  the  amount  of  copper 
required,  and  still  permitting  the  use  of  the  same  step- 
down  transformers  used  for  the  three-wire  system.  In 
this  system,  the  transformers  for  polyphase  use  are  con- 
nected in  star  on  the  primary  and  in  delta  on  the  sec- 
ondary side.  Fig.  2,  generally  called  the  star-delta  con- 
nection. The  voltage  on  the  transformers  is  the  same 
as  on  the  three-wire  system  and  therefore  the  secondary 
voltage  is  also  the  same.  For  single-phase  use  trans- 
formers are  connected  between  a  phase  wire  and  the 
neutral  as  shown  in  Fig.  3,  the  neutral  point  being 
grounded. 

Since  1900  the  three-phase,  four-wire  system  has 
been  adopted  by  many  cities  which  have  remodeled  their 
distribution  system  or  have  developed  new  systems. 


FIG.    I- — THREE-PHASE    DELTA — DELTA    SYSTEM 

At  the  present  titne  there  are  still  three  methods  of 
distributing  high-voltage  alternating  current,  namely: 
single-phase,  two-phase  and  three-phase.  In  both  two- 
phase  and  three-phase  there  are  three-wire  and  four- 
H'ire  systems.  In  comparing  these  various  methods  of 
distribution  it  is  essential  first  to  consider  the  first  cost, 
the  largest  item  of  which  is  the  copper.  Assuming  the 
weight  of  copper  required  for  a  single-phase  circuit  as 
100  percent,  the  amount  of  copper  required  for  the 
various  systems  for  the  same  load  would  be  as  follows : 

Single-phase   system    too  percent 

Two-phase  four  wire  system   100  percent 

Two-phase   three-wire    system    73  percent 

Three-phase  three-wire  system   75  percent 

Three-phase   four-wire  system    33  percent 

The  above  tabulation  assumes  that  the  same  step- 
down  transformers  will  be  used  with  all  the  systems ; 
i.  c.  that  the  voltage  between  conductors,  in  case  of 
single-phase,  two-phase  four-wire  and  three-phase 
three-wire  systems  is  the  same  as  the  voltage  to  neutral 
of  the  three-phase  four-wire  system.  Hence  in  the 
three-phase  four-wire  system  the  voltage  between  phase 
conductors  is  increased!  3  times,  requiring  only  one- 
third  of  the  copper  of  a  three-phase  three-wire  system 


or  25  percent  of  a  single-phase  circuit  carrying  the 
same  amount  of  power.  However  this  does  not  in- 
clude the  fourth  or  neutral  wire.  If  this  wire  has  a 
section  equal  to  either  of  the  three-phase  wires,  the  cop- 
per is  increased  from  25  to  33  percent. 

The  three-phase,  four-wire  distribution  in  general 
use  is  the  2300/4000  vole  system,  so  called  because  the 
voltage  between  any  phase  wire  and  the  neutral  point  or 
neutral  wire  is  about  2300  volts  and  between  phase  wires 
4000  volts.  Since  the  voltage  to  neutral  is  the  same  as 
was  used  for  the  three-wire  system,  the  same  trans- 
formers can  be  used. 

Since  the  line  voltage  in  the  four-wire  system  is 
1.73  times  that  of  the  three-wire  system,  the  line  cur- 
rent is  proportionately  less  and  the  line  drop  is  directly 
proportional  to  the  line  current,  it  follows  that  the  size 
of  wire  required  for  the  same  load  and  with  the  same 
permissable  loss  is  one-third  of  that  required  for  three- 
wire  distribution.  It  follows  that  if  a  three-wire  cir- 
cuit is  converted  into  a  four-wire  circuit  the  capacity 
of  the  circuit  is  tripled.  If  this  circuit  is  to  supply 
any  individual  single-phase  transformers,  however,  then 


FIG.   2 — THREE-PHASE    STAR-DELTA     SYSTEM 

the  fourth  or  neutral  wire  should  be  strung  in.  It  is 
possible  to  tise  the  ground  as  the  neutral  return,  but  it 
is  more  satisfactory  to  use  a  fourth  wire. 

From  the  above  it  also  follows  that  if  two  single- 
phase  circuits  are  combined  into  one  four-wire  three- 
phase  circuit,  the  capacity  of  the  three-phase  circuit  is 
three-times  that  of  the  two  single-phase  circuits  com- 
bined. For  example,  the  amount  of  electric  energy 
will  be  calculated  that  can  be  transmitted  a  distance  of 
5000  feet  over  No.  2  copper  wire  with  a  line  drop  of  92 
volts  between  the  generator  and  the  load,  the  phase 
voltage  to  be  2300  volts.  The  resistance  of  No.  2  cop- 
per wire  is  0.156  ohms  per  1000  feet  and  the  resistance 
of  one  single  line  would  be  five  times  that  or  0.78  ohms. 

In  a  single-phase  circuit  the  drop  in  voltage  would 
be  twice  the  drop  in  one  line.  Assuming  that  only  the 
resistance  drop  is  considerable,  the  circuit  would  then 
transmit  92  -^  (0.78  X  2)  or  58.9  amperes  or  about 
135  k.v.a. 

In  a  three-phase,  three-wire  circuit,  the  drop  in 
voltage  would  be  1.73  times  the  drop  in  one  line.     A 
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circuit  of  No.  2  wire  would  then  transmit  92  -^  (0.78 
X  1-73)  or  68.2  amperes  or  about  270  k.v.a. 

In  a  three-phase  four-Wire  circuit  with  a  balanced 
load,  the  drop  in  voltage  would  be  the  drop  in  one  line 
only.  This  circuit  will  then  transmit  92  -^  0.78  or  118 
amperes  or  about  810  k.v.a. 

Since  the  number  of  wires  required  for  the  above 
systems  are  2,  3  and  4,  respectively,  the  amount  of  cop- 
per required  under  the  three  conditions  would  be  in 
the  ratio  ot  2  10  3  to  4.  The  calculations  show,  how- 
ever, that  the  amount  of  power  that  can  be  transmitted 
varies  in  the  ratio  of  2  to  4  to  12. 

W'hile  the  increased  line  voltage  is  advantageous  in 
so  far  as  it  requires  less  copper  it  must  be  viewed  from 
another  angle  not  so  beneficial.  If  branches  of  trees 
are  permitted  to  extend  through  the  line  between  phase 
wires,  they  will  cause  leakage  particularly  in  wet 
weather,  frequently  causing  one  or  more  wires  to  burn 
off.  For  the  same  reason,  larger  line  insulators  are  us- 
ually required.  The  increased  voltage,  must  also  be 
taken  into  consideration  on  underground  work.  The 
grounded  neutral  and  increased  line  voltage  must  also 
be  considered  in  the  choice  of  lightning  arresters.  On 
account  of  the  grounded  neutral,  a  ground  on  a  phase 
wire  will  cause  a  short-circuit. 

When  linemen  work  on  a  three-phase  four-wire 
circuit  they  must  bear  in  mind  that  they  are  working 
on  a  higher  voltage  than  on  a  three-wire  line  with  the 
same  voltage  for  transformers.  The  grounded  neutral 
protects  the  circuit  against  a  possibility  of  a  voltage 
higher  than  the  phase  voltage  to  gi-ound.  This  should 
therefore  be  considered  as  a  safeguard  and  no  disad- 
vantage. 

In  both  three-wire  and  four-wire  systems  it  is  pos- 
sible to  supply  three-phase  current  from  two  trans- 
formers only,  with  an  open  delta  secondary.  If,  only 
two  transformers  are  used  on  a  four-wire  circuit  the 
middle  point  of  the  transformer  bank  must  be  connected 
with  the  neutral  wire.  Without  this  connection  the  two 
transformers  would  simply  be  in  a  series  across  4000 
volts  and  would  deliver  a  single-phase  current  only. 
Either  the  primary  or  the  secondary  of  one  transformer 
must  also  be  reversed,  to  secure  the  proper  phase  rela- 
tions. 

When  three  transformers  are  used  on  a  four-wire  cir- 
cuit, the  neutral  point  of  the  transformer  bank  should 
be  isolated,  except  in  special  cases,  that  is,  it  should 
have  no  connection  with  the  neutral  wire  of  the  circuit 
or  the  ground.* 

Some  companies  have  tried  to  connect  the  primary 
neutral  point  of  transformer  banks  which  supplied  a 
comparatively  large  single-phase  load  in  addition  to  a 
three-phase  load,  to  the  neutral  wire,  a  larger  trans- 
former being  installed  in  the  phase  supplying  the 
single-phase  load  to  take  care  of  the  unbalance.  The 
primary  neutral  wire  was  comiectcd  with  the  idea  that 


it  would  take  care  of  the  excess  primary  current  for  the 
larger  transformer  instead  of  having  it  pass  through 
the  windings  of  the  smaller  transformers.  An  ex- 
ample of  this  condition  would  be  a  consumer  requiring 
single-phase  current  for  spot  welders  and  three-phase 
current  for  a  few  motors. 

Laboratory  tests  have  demonstrated  that  under  the 
conditions  cited  above  the  primary  neutral  carried  prac- 
tically no  current.  The  tests  showed  that  if  a  single- 
phase  load  is  supplied  from  one  phase  of  a  three-phase 
bank  of  transformers,  the  other  two  transformers  act 
as  one  single-phase  transformer  operating  in  parallel 
with  the  one  on  the  loaded  phase  and  share  the  load  with 
it.  The  oscillograph  showed  that  the  current  through 
the  primary  winding  of  the  large  transformer  divided 
and  part  of  it  passed  through  the  primary  winding  of 
each  of  the  other  two  transformers.  The  current  waves 
of  the  current  in  the  two  transformers  were  about  the 
same,  exactly  in  phase  and  just  180  electrical  degrees 
from  the  current  in  the  transformer  on  the  loaded 
phase. 

These  tests  also  showed  that  the  current  in  the 
neutral  wire  was  practically  zero  so  long  as  the  volt- 
ages were  balanced.     As  soon  as  the  voltages  were  un- 


*See   Article   on   "A   Study  of  Three-Phase   Systems,"   by 
Chas.  Fortescue  in  the  Journal  for  Sept.  1914,  p.  464. 


FIG.    3 — THREE-PHASE     FOUR-WIRE     SYSTEJI 

Showing    bank    of    three    single-phase    transformers    and    one 
single-  phase  lighting  transformer. 

balanced  in  the  secondary  delta  a  circulating  current 
was  set  up  in  the  delta  and  there  was  a  flow  of  current 
in  the  neutral  wire  of  the  primary  current. 

When  a  single-phase  load  was  supplied  from  one 
phase  of  delta  connected  secondaries,  during  these  tests, 
the  load  was  distributed  over  the  three  transformers, 
the  transformer  on  the  loaded  phase  supplying  about 
one-half  and  the  other  two  together  the  other  half. 
The  exact  proportions  of  the  load  supplied  by  each 
seemed  to  depend  upon  the  power-factor  of  the  circuit. 
The  tests  also  showed  that  the  three  transformers  di- 
vided the  single-phase  load  in  about  the  same  propor- 
tion whether  the  primary  neutral  was  connected  or 
isolated. 

The  results  of  these  tests  were  verified  in  the  field 
on  a  bank  of  transformers  supplying  a  200  ampere 
three-phase  load  and  in  addition  two  100  ampere  spot 
welders  from  one-phase.  Every  time  a  spot  welder 
came  on  it  drew  current  from  all  three  transformers. 
The  current  in  the  neutral  caused  by  the  welders  com- 
ing on  was  practically  nothing.  A  comparatively  heavy 
current  was  set  up  in  the  neutral  wire,  however,  when 
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the  operator  at  the  station  varied  the  voltage  on  one 
phase  with  the  feeder  regulator. 

From  the  above  it  follows  that  in  a  bank  of  trans- 
formers to  supply  three-phase  power  and  an  additional 
single-phase  load  there  is  no  occasion  for  installing  one 
transformer  with  a  capacity  larger  than  the  capacity 
of  the  other  two  combined.  Inasmuch  as  the  neutral 
wire  carries  practically  no  current  there  would  be,  un- 
der such  conditions,  an  excess  current  in  the  windings 
of  one  or  both  of  the  smaller  transformers,  if  the  larger 
transformer  carried  full  load.  In  determining  the  sizes 
of  transformers  necessary  for  an  installation  like  the 
above  it  should  be  borne  in  mind  that  the  transformer 
on  the  phase  supplying  the  single-phase  load  actually 
supplies  only  about  one-half  of  the  single-phase  current 
while  the  other  two  supply  the  balance. 

From  the  above  it  also  follows  that  the  primar}' 
neutral  point  of  three-phase  transformer  banks  should 
be  isolated  unless  the  transformers  have  ample  capacity 
to  take  care  of  their  regular  load  plus  any  circulating 
current  that  may  be  set  up  on  account  of  an  unbalanced 
voltage  condition.  If  one-phase  wire  should  develop  a 
ground  the  voltage  on  that  phase  would  naturally  drop 
on  account  of  the  heavy  current.    The  transformer  bank 
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with  the  primary  neutral  connected  would  immediately 
tend  to  equalize  the  voltages  on  the  three  phases.  The 
other  two  transformers  would  draw  a  heavy  current  on 
their  phases  trying  to  boost  the  voltage  on  the  grounded 
phase.  The  probable  result  would  be  that  the  primary 
fuse  of  one  transformer  would  blow  and  the  other  two 
would  then  carry  the  load  on  open  delta.  If  the  capacity 
of  the  other  two  transformers  was  insufficient  they 
would  be  overloaded  and  would  be  liable  to  be  damaged. 

If  the  primary  neutral  point  of  a  transformer  bank 
is  isolated,  there  is  no  circulating  current  caused  by  un- 
balanced voltages  but  if  one  blows  a  fuse  the  other  two 
transformers  are  actually  in  series  between  two  phase 
wires.  Their  secondary  voltages  are  then  one-half  of 
the  normal  voltage  times  1.73  (about  200  instead  of 
230)  and  the  voltage  across  the  secondary  and  primary 
of  the  transformer  with  the  fuse  blown  is  zero  when  the 
load  is  straight  resistance  or  single-phase  load.  If  there 
are  any  three-phase  motors  on  the  circuit  they  will  lun 
and  their  windings  will  tend  to  keep  up  a  delta  voltage. 
If  these  motors  are  stopped  they  will  as  a  rule  not  start 
because  it  would  be  equivalent  to  trying  to  start  them 
on  single-phase  current. 


One  of  the  greatest  advantages  of  three-phase 
four-wire  distribution  is  its  successful  use  for  both 
light  and  power  purposes  regardless  of  load  balance.  If 
a  single-phase  feeder  regulator  is  installed  in  any  phase, 
it  can  be  adjusted  to  give  a  constant  voltage  at  any  point 
on  the  line  regardless  of  the  load  on  the  other  phases. 
In  fact,  one  method  of  developing  a  four-wire  circuit 
is  to  supply  all  the  single-phase  lighting  load  from  one 
phase  and  equip  this  phase  with  a  feeder  regulator. 
When  the  lighting  load  increases  it  can  be  distributed 
over  all  three  phases  and  feeder  regulators  in.-'alled  in 
them. 

On  account  of  the  simplicity  of  voltage  regulation 
a  three-phase,  four-wire  circuit  can  be  used  for  sup- 
plying all  the  current  for  any  district,  whether  it  is  used 
for  lighting,  heating  or  power.  It  thereby  overcomes  the 
necessity  of  paralleling  circuits  and  investment  for  any 
district.  Supplying  current  for  both  lighting  and 
power  purposes  also  increases  the  load  factor  on  the 
circuit,  because  the  power  load  is  generally  quite  low 
before  the  lighting  peak  comes  on. 

In  three-phase,  four-wire  distribution,  individual 
transformers  for  lighting  purposes  are  connected  be- 
tween any  one  phase  wire  and  the  neutral  wire.  If  a 
number  of  such  transformers  are  distributed  over  the 
three  phases  there  is  a  possibility  of  trouble  from  an- 
other source.  Under  this  condition  the  current  in  the 
neutral  wire  is  the  vector  sum  of  the  current  in  the 
phase  wires.  If  the  neutral  wire  should  open  between 
the  station  and  the  load,  an  unbalanced  load  on  the 
phases  would  cause  an  unbalance  in  voltage  which 
might  be  disastrous  to  lamps  burning  in  the  circuit  at 
the  time. 

The  current  in  the  primary  winding  of  a  trans- 
former increases  as  the  secondary  current  increases  be- 
cause the  actual  reactance  in  the  primary  decreases. 
Therefore  if  two  phases  were  heavily  loaded  and  one 
phase  had  almost  no  load  and  the  neutral  v.'ire  was 
broken,  the  difference  in  reactance  would  cause  the  ni  u^ 
tral  point  of  the  circuit  to  be  drawn  out  of  center,  as 
shown  by  circles  in  Fig.  4.  The  tran'=formers  on  ilic 
loaded  phases  would  then  prac'.ically  be  in  series  be- 
tween phase  wires  and  would  deliver  a  secondary  volt- 
age of  nearly  100  and  200  instead  of  no  and  2-^':  ,ults. 
The  transform''-;  ^n  the  phase  carrying  very  little  load 
would  have  a  voltage  of  about  3500  volts  impressed 
upon  their  primary  and  their  secondaries  would  deliver 
175  and  350  volts  instead  of  no  and  220  volts,  with  the 
probability  of  burning  out  some  lamps.  In  Fig.  4  the 
correct  voltages  are  indicated  by  full  lines  and  th°  dis- 
torted voltage  condition  is  shown  by  the  dashed  lines 

The  probability  of  such  a  case  of  trouble  is  qui'i^ 
remote.  The  effect  of  such  an  occurance  can  be  ic 
duced  by  carefully  distributing  individual  lighting  trans- 
formers over  the  three-phase  with  a  view  of  keeping  the 
load  fairly  well  balanced.  The  possibility  of  such  a 
case  of  trouble  can  be  overcome  by  supplying  all  of  the 
single  phase  lighting  transformers  from  one  phase  but 
the  most  satisfactory  method  of  overcoming  this  danger 
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seems  to  be  to  ground  the  neutral  wire  not  only  at  the 
station  but  at  several  places  along  the  line.  The  ground 
connections  would  serve  as  a  path  in  parallel  with  the 
neutral  wire  and  if  the  neutral  wire  broke  down  any- 
where the  ground  would  take  care  of  the  unbalanced 
load  and  prevent  sufficient  distortion  to  do  any  damage. 
Special  care  should  be  taken  in  the  selection  of  the 
points  for  grounding  to  guard  against  picking  up  stray 
currents.  It  would  be  an  aid  in  this  direction  to  con- 
nect the  neutral  wires  of  different  circuits  as  a  guard 
against  having  any  entirely  down  at  any  time.  The 
neutral  wire  should  never  be  fu:,od  and  should  have  no 
switches,  except  four-pole,  which  will  open  all  four 
wires  at  once. 

In  changing  from  three-phase,  three-wire  to  three- 
phase,  four-wire  distrib  tic.i  the  first  consideration  is, 
of  course,  the  higher  voltage  generator.  If  the  winding 
of  a  2300  volt,  three-phase  generator  is  connected  in 
delta,  it  can  be  connected  in  star  and  if  the  insulation 
is  sufficient,  can  be  used  for  4000  volts.  If  the  gener- 
ator is  already  star  connected  it  would  have  to  be  re- 
wound, or  delta-star  transformers  used. 
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KIG.    6 — THREE-PHASE    FOUR-WIRE    AND    THREE-PHASE    THREE-WIRE 
SYSTEMS 

With  transformers  connected  for  three-phase  service. 

The  all  important  requirement  on  the  line  is  to 
make  sure  that  when  the  change  is  made  in  the  trans- 
former connections  the  phase  relations  will  not  be 
changed,  in  order  that  the  rotation  of  three-phase  mo- 
tors will  not  be  reversed.  Fig.  5  shows  the  change 
from  delta  to  star  connection  which  will  not  disturb  the 
phase  relations.  Fig.  6  shows  the  actual  change  in 
connections  in  the  field  in  changing  a  bank  of  trans- 
formers from  delta-delta  to  a  star-delta.  The  connec- 
tions on  the  secondary  side  are  not  disturbed.  The 
simple  rule  is  that  all  the  right  hand 'primary  side  or 
all  the  left  hand  primary  side  are  connected  to  the 
neutral  point  and  the  other  sides  are  connected  to  phast? 
wires. 

It  might  be  well  to  caution  against  reversing  the 
secondary  side  of  any  one  transformer  in  connecting  a 
new  bank.  Such  a  connection  would  produce  a  short- 
circuit  on  a  voltage  equal  to  twice  the  phase  voltage. 
This    condition    is    shown    in    Fig.    7.     An   attempt    to 


close  the  secondary  delta  with  the  primary  current  on  it 
would  cause  a  short-circuit  on  440  volts. 


I — On  account  of  the  increased  voltage  in  the 
three-phase,  four-wire  system,  the  amount  of  copper  re- 
quired for  transmitting  the  same  load  over  the  same 
distance  is  very  much  less  than  is  necessary  for  any 
of  the  other  systems. 

2 — The  change  to  the  four-wire  system  does  not 
cause  a  change  in  voltage  of  the  stepdown  transformers, 
thereby  permitting  the  use  of  the  same  transformers. 

3 — The  four-wire  system  can,  on  account  of  the 
star  connection  and  its  simplicity  of  regulation,  be  used 
for  supplying  current  for  light,  heat  and  power  purposes 
from  one  circuit,  thereby  overcoming  the  necessity  of 
parallel  circuits.  This  prrduces  an  additional  saving  in 
copper. 

4 — In  order  to  protect  all  parts  of  the  circuit 
against  excessive  voltage  to  ground  and  to  protect 
single-phase  lighting  transformers  against  excessive 
voltage,  the  neutral  wire  of  a  three-phase,  four-wire 
circuit  should  b'j  grounded  not  only  at  the  station  but 
at  a  sufficient  number  of  points  along  the  line. 


FIG.    7 — EFFECT    OF    REVERSING    PHASES    ON    THE    SECONDARY    DELTA 

5 — The  neutral  point  of  three-phase  transformer 
banks  should  be  isolated. 

6 — When  the  neutral  point  of  a  three-phase  trans- 
former bank  is  connected  with  the  neutral  wire  of  the 
circuit,  the  delta  connected  secondaries  tend  to  equalize 
the  phase  voltages.  This  should  therefore  not  be  done, 
except  on  transformers  of  large  capacity  for  a  special 
purpose. 

7 — If  a  single- phase  load  is  supplied  from  one 
phase  of  the  delta  connected  secondaries  of  a  three- 
phase  bank  of  transformers,  the  transformer  on  that 
phase  will  supply  about  one-half  of  the  single-phase 
current  and  the  other  two  transformers  will  supply  the 
balance,  whether  the  primary  neutral  point  is  connected 
to  the  neutral  wire  or  not. 

In  conclusion  it  might  be  well  to  emphasize  that 
the  principal  advantage  of  three-phase  four-wire  dis- 
tribution is  the  combination  of  the  increased  line  volt- 
age and  star  connection.  The  star  connection  without 
an  increased  line  voltage  would  require  as  much  copper 
as  a  single-phase  circuit.  The  increased  voltage  with- 
out the  star  connection  would  sacrifice  the  simplicity  of 
regulation  and  consequent  advantage  for  supplying  cur- 
rent for  light,  heat  and  power  from  one  circuit. 


riiroD-Plia^e  to  TvyO'Plva^e  Tj'aai-sfermatloji 


J.  B. 

NUMEROUS  schemes  have  been  proposed  for 
transforming  from  three  phase  to  two  phase,  or 
vice  versa.  The  connections  shown  herewith  in- 
clude the  ones  most  commonly  used,  as  well  as  others 
which  are  given  chiefly  as  matters  of  interest  or  as  sug- 
gestions for  possible  emergency  connections.  For 
purpose  of  comparison,  each  connection  has  been  ar- 
ranged to  transform  loo  k.v.a.  from  three-phase,  2000 
volts,  to  two-phase,  100  volts,  and  the  current  and  volt- 
age in  each  part  of  the  winding  are  shown. 


T 


The  Scott  connection,  which  is  used  in  probably, 
more  installations  than  all  the  others,  is  shown  in  Fig.  i. 
This  requires  two  transformers,  which  are  generally 
duplicates.  They  are  similar  to  standard  transformers 
except  that  the  three-phase  winding  is  provided  with  a 
tap  at  the  middle  and  at  the  86.6  percent  point.  Care 
must  be  taken  to  have  the  two  halves  of  the  three-phase 
winding  of  the  main  transformer  closely  linked  magnet- 
ically to  avoid  excessive  regulation  on  one  phase.*     If 


the  transformers  are  designed  for  this  connection,  this 
point  is  always  taken  care  of  by  the  manufacturer,  but 
trouble  may  result  if  odd  transformers  are  put  together 
to  make  a  three-phase,  two-phase  bank.  The  size  trans- 
former parts  required  in  the  example  chosen  is, — 
2000  X  ^5.0  -f- 100  X  500 

2  X  looo  •'•'  ^ 

See  article  by  Mr.  E.  G.  Reed  in  this  issue  of  the  Journal 


GiBBS 

or   for  the  bank       ^-^-^ ^=  1 .07S       times  the  k.v.a. 

100  ' 

transformed.  In  Fig.  2  is  shown  an  approximation  to 
the  same  scheme  made  by  using  for  the  main  transfor- 
mer a  standard  transformer  with  a  middle  tap,  and  for 


••^^VW^V^^/W^A* 


the  teaser  a  standard  transformer  having  two  5  percent 
taps.  This  combination  gives  secondary  voltages  which 
are  somewhat  unbalanced,  but  it  is  sometimes  useful  in 
emergencies. 

Another  approximation  is  shown  in  Fig.  3.     Three 


standard  transformers  are  used,  one  having  a  middle 
tap,  for  the  main  unit ;  one  with  or  without  taps  for  the 
teaser  unit;  and  a  small  transformer  having  a  5  to  i 
ratio   for  the  auxiliary.     The  auxiliary  is  used  as  an 


FIG.   5 


autotrans  former  to  raise  the  voltage  on  the  teaser  phase 
so  as  to  make  the  two-phase  voltage  more  nearly  bal- 
anced.    The  parts  required  are, — 


2000  X  28.8  +  100  X  500 

2  X    1000 


=  53-9l'-V.a- 
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Teaser 
Auxiliary 


zooo  X  ^4  +  104  X  4S2 

2  X  1000 
1732  X  4-^  +  ^4  X  34(> 


=  49.1  k.v.a. 
--  Sjsk.v.a. 


2  X  JOOO 

This  arrangement  connects  the  low-vohage  winding 
of  the  auxiliary  transformer  in  the  high-voltage  circuit, 


If  the  transformers  have  a  20  to  i  ratio  the  two-phase 
voltage  will  be  86.6  instead  of  100.  This  may  be  raised 
by  using  autotransformers,  or  if  there  are  taps  in  the 
high-voltage  winding  they  may  be  used  to  raise  the  two- 
phase  voltage. 

The  connection  given  in  Fig.  5  is  used  by  at  least 
one  large  generating  company.     It  gives  a  three-wire. 


FIG.  6 

and  this  imposes  on  the  low  voltage  insulation  greater 
stresses  than  it  was  designed  to  stand.  For  this  reason 
it  may  be  necessary  to  insulate  the  tank  of  the  auxiliary 
transformer  from  ground.  If  this  is  done,  it  should  be 
protected  so  that  it  will  be  impossible  for  anyone  to 
touch  it. 


FIG.  9 

two-phase  system  as  shown.     The  parts  required  are. — 
2000  X  2S.g  -f-  141  X  500 


Main 
Teaser 


2  X  fooo 


=  64.2  k: 


1732  X  28.9  -\r  70.7  X  707 


^o  k.v.a. 


FIG.    7 

The  scheme  shown  in  Fig.  4  may  be  useful  under 
special  conditions.  It  shows  how  transformers  which 
were  built  for  two-phase  high  to  three-phase  low  may  be 
connected  for  a  three-phase  high  to  a  two-phase  low. 
The  parts  required  are, — 

Transformer   20ooX2S.g+37.7X7o7+4^-3X.50o    ^  r„  s k  v  a 
with  taps  2  X  1000  -'^■'     ■ 

2000  X  2S.9  +  IIS  X  500 


2  X  1000 

The  connections  shown  in  Figs.  6  and  7,  while  pos- 
sible, are  seldom  used.  The  parts  required  are  : — 60.4 
k.v.a.  for  each  transformer  in  Fig.  6  and  64.3  k.v.a.  for 
each  in  Fig.  7. 

Fig.  8  shows  the  Taylor  connection  which  is  used 

occasionally.     It    requires    three    single-phase    or    one 

three-phase  transformer  with  taps  as  shown.     The  parts- 

required  for  the  transformer  having  a  middle  tap  are, — 

7/5  X  3S2  +  2000  X  r6.7 

2  X  Jtioo  -'     ' 

and  for  the  other  two  transformers  are, — 
75  X  3S2  -T  100  X  333  -f-  2000  X  16.7 

2    X    JOOO  -^ 

or  a  total  for  the  bank  of  iii.i  k.v.a.  If  the  transfor- 
mers are  interchangeable,  a  total  capacity  of  ii6.i 
kv.a.  is  required. 

Fig.  9  is  the  Fortescue  connection.  It  has  taps 
located  as  shown,  on  a  delta  connection,   so  that  the 


Transformer  without  tap^" 


57  •/'!••: 


voltage  j-2  is  at  right  angles  to  the  voltage  j-4.     The 

parts  required  for  the  transformer  without  taps  are, — 

7/7.5  X  2gg  +  2000  X  16.7 


FIG.  8 

Or  if  two  transformers  alike  are  used  each  will  take,- 
2000  X  2S.g  -f-  57.7  X  707  -I-  57-7  X  500 


2  X  1000 

and  for  the  other  two  transformers, — 
357-5  X  &'.(>  -f  40H  X  29.9  -I-  '('.7  X  2001- 


33.4k.v.a. 


37.4  k.v.a. 


2  X  1000 


=  63.6  k.v.a. 


2  X  /ooo 

Fig  10;  the  Arnold   connection,   is   similar  to   the 
two  foregoing  except  in  the  location  of  the  taps.     It 
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has  the  advantage  that  the  two  two-phase  vohages  are     For  the  two  similar  transformers,- 


symnietrical  with  respect  to  a  neutral  point,  and  may 
therefore  be  connected  to  an  interconnected  two-phase 


2000  X  /6.7  -|-  7/5.5  X  ^SS 

2  X  1000 

and  for  the  autotransformer, — 
100  X  (>7  -t-  /5o  X  7J 


=  33-3  k.v. a. 


^  =  6.7  k.i'.a. 

2  X  ittoo  ' 

Fig.   13  is  similar  to  Fig.  12  except  that  taps  are 


FIG.   II 

system.     The  parts  required  for  the  two  similar  trans- 
formers are, — 

2000  X  16.J  -\-  Si. 6   X  ivS"  -I-  -O.J  X  2gS.4 


2  X  1000 
and  for  the  third  transformer,— 

2000  X  16.J  -^  40.S  X  35S  Y.  2  -^  yo.y  X  ~/o6.6 
2  X  1000 
or  a  total  of  129.3  k.'^.a. 


41. S3  k.v.a. 


45.65  k.v.a. 


FIG.   14 

put  into  one  of  the  transformers  to  take  the  place  of 

the  autotransformer.     The  parts  required  for  the  tapped 

transformer  are, — 

2000  X  /fi./  -h  roo  X  4^5  +  15.5  X  -'XV 

^  X  woo  =4'-' k.v.a. 

and  for  the  other  two  transformers  33.3  k.v.a.  as  above. 
Fig.  14  gives  another  arrangement  of  three  trans- 
formers to  give  two-phase.     One  transformer  has  its 


FIG.  12 
Figs.   II   and   12  show  ways  of  taking  two-phase 
from  a  three-phase  delta   connection  using  autotrans- 
formers.     The  parts  required  for  the  transformer  with 
the  middle  tap  in  Fig.  1 1  are, — 
2000  X  /6.7  -f-  441  X  roo 


I 


2  X  1000 

For  the  two  similar  transformers, 
2O0O  X  16.J  +  333  X  /oo 
2  X  1000 
And  for  the  autotransformer, — 

S6.6  X  77-5  +  '3-fX  50" 
2  X  rooo 


=  j5.75 -f  .2'.a. 


=  33.3  k.v.a. 


=  6.7  k.v.a. 


FIG.    IS 

secondary  winding  in  two  parts  so  connected  to  the 
other  two  transformers  as  to  give  a  two-phase  three- 
wire  system.  The  parts  required  for  the  two  duplicate 
transformers  are, — 

2000  X  20,4  +  Si. 7  X  500 

^  X  woo =40-S''.v.a. 

and  for  the  third  transformer, — 

2000  X  10.57  -I-  29.g  X  500  X  2 

^  X  woo =25.o5k.v.a. 

Another  method  which  has  been  suggested  is  shown 
in  Fig.  15.     The  objection  to  this  scheme  is  that  for  the 


FIG.  13 
Similarly   in   Fig.    12    the   parts    required    for  the 
transformer  with  a  middle  tap  are,— 

2000  X  16.7  +  1 15.5  X  3S4 


2  X    1000 


=  3S.g  k.v.a. 


FIG.   16 

phase  s-4  the  primary  AO  is  in  series  with  the  two 
other  primaries  OB  and  OC,  which  act  as  impedances 
in  series  with  AO  and  consequently  the  regulation  of 
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the  phase  S'4  will  be  very  poor.  A  modification  of  this 
method  has  been  used  with  a  three-phase  system  having 
a  neutral  wire  connected  to  the  generator.  In  this  case 
the  load  on  ^-4  is  carried  on  one  of  the  generator  wind- 
ings and  the  load  on  phase  1-2  is  carried  on  the  other 
two  windings  as  shown  in  Fig.  16.  The  parts  required 
for  each  of  the  two  similar  transformers  are, — 

"55  X  23  ■\-  57.7  Xjoo 

rz =  2i.g  k.v.a. 


A  10  to  I  transformer  was  used  as  the  third  unit  and 

gave    — =  3^o  volts  on  secondary  phase  3-4.     This, 

while  not  a  perfectly  balanced  two-phase  system,  en- 
abled two-phase  motors  to  be  run  without  buying  new 
transformers. 

AUTOTRANSFORMERS 

It  is  sometimes  desirable  to  transform  from  three- 
phase  to  two-phase,  or  vice  versa,  without  changing  the 


TABLE  I— TOTAL  K.V.A.   OF  TRANSFORMERS   REQUIRED  TO  TRANSFORM   100  K.V.A.  FROM  2000  VOLTS, 

THREE-PHASE  TO   100  VOLTS,  TWO-PHASE 


Fig. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

16 

Trans.  I 

Trans.  2 

Trans   3 

53-9 
53-9 

55 
53-9 

49.1 
53-9 

59.8 
577 

50 
64.2 

60.4 
60.4 

64-3 
64.3 

38.7 
36.2 
36.2 

33-4 
37-4 
37-4 

45-7 
41.8 
41.8 

38.8 

33-3 

33-3 

6.7 

38.9 

33-3 

33-3 

6.7 

41.2 
33-3 
33-3 

251 
40.8 
40.8 

50 

28.9 

28.9 

8.4 



.    . 

Total 

107.8 

108.9 

111.4 

1 17-5 

1 14.2 

120.8 

128.6 

III. I 

108.2 

129.3 

111.6 

126.2 

107.8 

1 16.7 

107.8 

™  k.v.a. 


and  for  the  third  transformer, — 

"55  X  43-S  +  '00  X  500 
2  X  1000 

This  gives  an  unbalanced  load  on  the  generator,  but  if 

there  are  several  such  banks  on  the  system,  they  may 

be  distributed  among  the  three  lines  so  as  to  balance 

the  generator  load  approximately.     A  case  in  point  is  a 

company  which  had  a  four-wire,  three-phase,  4000  volt 

system  and  some  standard  transformers  of  10  to  i  and 

9  to  I   ratio.     The  secondary  windings  of  two  g  to  i 


transformers  were  connected  in  parallel  giving  an  18 
to  I  ratio,  and  they  were  used  as  the  two  similar  trans- 
formers in  Fig.  16  giving, — 


2300  X 


9  X  i' 


X =  222  volts  on  secondary  hhasc  1-2 

0.577  ' 


voltage,  or  with  a  relatively  small  change  in  voltage. 
In  this  case  autotransformers  offer  considerable  econ- 

TABLE  n— TOTAL  K.V.A.  OF  TRANSFORMER  PARTS 
REQUIRED  TO  TRANSFORM  100  K.V.A.  FROM  THREE- 
PHASE   TO    TWO-PHASE    BY    AUTOTRANSFORMERS 
FOR  VARIOUS  VOLTAGE  RATIOS 


Ratio 


2-phase  voltage 
3-phase  voltage 


Ratio 

0.5 

0.75 

I.O 

1-5 

2.0 

Teaser  parts   

Main  parts    

21.15 
28.9 

6.6 
19-7 

6.6s 
14.4 

21.15 

25- 

28.4 
31.6 

Total 

4905 

26.3 

21.05 

46.15 

60.0 

omy  over  two-winding  transformers.  Fig.  17  shows 
such  a  pair  of  autotransformers  arranged  to  transform 
100  k.  v.  a.  from  2000  volts  three-phase  to  2000  volts 
two-phase.  The  parts  required  for  the  main  unit,  for  a 
one  to  one  voltage  ratio  are, — 
2000  X  14.4 


and  for  the  teaser, — 


w  =  14.4  k.v.a. 

2  X  1000  ^^ 

X  i..V  -I-  26S  X 


=  6.6^  k.v.a. 


2  X   1000 

Autotransformers  show  their  maximum  advantage  for 
an  0.866  voltage  ratio. 
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OUR  subscribers  are  invited  to  use  this  department  as  a  means  of  securing 
authentic  information  on  electrical  and  mechanical  subjects.    The  topics 
should   be   of  general  interest;  informarion  involvinij  the  specific  design  of 

'    :-    - _i;,..i         (^3j.g    jhoylj    bp   g5(.J    (Q 


include  all  dat 


,sary  for 


intelligent 


supplied. 


A  PERSON.'NL  renly  is  mailed  to  each  questioner  enclosini;  a 
addressed  en\'elope  as  soon  as  the  necessary  information  car 
Anonymous  questions  cannot  be  considered.  As  each  questio 
by  an  exnert  on  the  subject  in\'olved,  and  checked  by  at  leas 
a  reasonable  length  of  time  should  be  allowed  before  expecting  a 


171 1    —   C.^RRYING       CAPACITY      OF      IrON 

Pipes — Can  you  advise  regarding  cur- 
rent carrying  capacities  for  both 
thirty  and  sixty  cycles  alternating  cur- 
rent of  standard  extra  heavy,  and 
double  extra  heavy  pipe,  %  in..  I  in., 
and  i-'/4  in.  sizes?  We  want  to  use 
the  above  pipe  sizes  for  high-tension 
bus  work,  20  000,  40  000,  70  000  and 
140  000  volt  service.  The  voltage 
drop  need  not  be  considered,  the  de- 
termining factor  being  the  heating. 

L.E.B.    (MICH.) 

We  have  no  record  of  curent  carry- 
ing tests  on  wrought  iron  pipes  using 
thirty  cycle  alternating  curent,  nor  have 
we  made  any  tests  on  the  extra  heavy 
and  double  e.xtra  heavy  pipes.  How- 
ever from  the  test  results  with  60  cycles 
on  the  standard   %    in.,   i   in.,  and  l-% 

TABLE  I     TEMPERATURE  RISE  ON 
ALTERNATING  CURRENT  60  CYCLES 


K-in.  Std.  W.  I.  Pipe  120  Amps 
1  -in.  Std.  W.  I.  Pipe  190  Amps 
IVi-in.  Std.  W.  I.  Pipe  225  Amps 


150  Amps 
235  Amps 
280  Amps 


in  sizes  given  in  Table  I  a  fair  esti- 
mate can  be  made  as  to  the  small  ad- 
ditional current  allowable  for  the 
heavier  pipes  for  a  given  temperature 
rise.  The  fact  that  the  conductor  is 
made  of  magnetic  material  and  the  ten- 
dency of  the  current  to  crowd  to  the 
surface  (skin  effect)  indicates  that  the 
curent  carrying  capacity  of  the  heavy 
pipes  will  be  but  little  above  the  capa- 
city of  the  standard  sizes.  f.m.b. 

1712 — Reversal  of  Exciter  Voltage — 
Two  500  kw,  2200  volt  turbine  driven 
alternators  with  direct-connected  ex- 
citers are  operating  in  parallel.  The 
exciters  are  commutating-pole  com- 
pound-wound with  the  usual  equal- 
izer connection.  They  are  connected 
in  parallel  and  are  under  Tirril 
regulator  control.  One  exciter  over- 
comes the  other  apparently  and  it 
becomes  motorized.  The  generators 
drop  their  load  but  very  soon  pick 
it  up  again  but  with  both  exciters 
reversed.  Is  it  possible  for  one  ex- 
citer to  reverse  the  other  (where  the 
usual  equalizer  connection  is  used) 
and  why,  after  the  alternators  have 
dropped  their  load  and  picked  it  up 
again,    are   both    exciters    reversed? 

E.M.  (N.Y.) 
With  an  exciter  system  in  proper 
adjustment,  it  is  practically  impossible 
for  a  reversal  of  polarity  to  occur.  If 
it  does  happen,  the  cause  is  likely  to 
be  found  in  some  abnormal  condition. 
Generally,  such  reversal  results  from 
a  demagnetizing  action  of  the  exciter 
load  current.  When  a  surge,  for  in- 
stance, causes  the  regulator  momentarily 
to  diminish  the  exciter  voltage  to  a 
low  value,  the  exciter  load  current  is 
not  reduced  much  on  account  of  the 
inductance   of   the   alternator   field,   and 


the  demagnetizing  effect  may  over- 
power the  weak  shunt  field,  thereby 
reversing  the  polarity.  This  demag- 
netizing action  would  be  present  in  an 
exciter  having  its  brushes  shifted  for- 
ward and  having  little  or  no  series  field, 
or  a  reversed  series.  In  a  commutating 
pole  machine,  where  the  brushes  are 
set  on  the  no-load  neutral,  the  arma- 
ture would  not  produce  a  demagnetiz- 
ing effect,  but  this  effect  could  come 
from  a  reversed  series  winding.  The 
motoring  of  one  exciter  by  the  other 
would  not  be  expected  to  cause  polarity 
reversal.  If  it  is  the  cause,  some  un- 
usual combination  of  circumstances 
must  exist.  Stable  parallel  operation 
requires  that  each  machine  have  a 
tendency  to  shirk  its  load,  that  is,  an 
excess  load  on  one  exciter  should  be 
followed  by  a  reduction  in  the  voltage 
of  that  exciter  with  a  consequent  tend- 
ency to  drop  its  load.  A  relatively 
high  internal  drop,  a  drop  in  speed 
with  increasing  load,  a  bucking  series 
field  (connected  inside  the  equalizer), 
and  a  forward  brush  lead,  all  add  to 
this  tendency  to  shirk.  This  tendency 
is  lessened  or  removed  if  an  unbalanc- 
ing of  the  load  between  the  two  ma- 
chines is  followed  by  an  appreciable 
magnetizing  effect  in  the  one  taking 
more  than  its  share  of  the  load,  and 
the  reverse  in  the  other.  This  is  not 
liable  to  occur  if  the  equalizer  resist- 
ance is  very  low,  and  there  is  a  reason- 
able degree  of  saturation  in  the  mag- 
netic circuit.  In  the  present  case,  these 
stabilizing  influences  would  be  weak,  or 
absent,  so  a  comparatively  slight  dis- 
turbance may  cause  considerable  in- 
equality in  the  load  division,  and  may 
result  in  a  circulation  of  current  be- 
tween the  two  machines.  The  parallel 
operation  could  be  made  much  more 
reliable  by  the  use  of  a  light  bucking 
series  winding,  connected  inside  of  the 
equalizer,  say  between  the  equalizer 
and  commutating-pole  winding — or  by 
reversing  the  present  series  winding 
and  doing  away  with  the  equalizer. 
This  bucking  effect  should  be  quite 
small,  or  else  polarity  reversal  may 
occur  in  the  way  suggested  above ;  and 
it  must  be  made  certain  that  the  shunt 
field  winding  has  sufficient  capacity  to 
carry  the  increased  ampere-turns  re- 
quired from  it.  With  more  complete 
data  at  hand,  probably  a  more  satis- 
factory explanation  of  the  phenomenon 
could  be  offered.  f.l.m. 

17 13 — Carrying  Capacity  of  Copper 
Wires — In  a  printed  table,  wires  or 
certain  sizes  cary  a  certain  amount  of 
current.  For  instance  a  0000  wire 
carries  325  amperes.  At  what  voltage 
basis  is  this  figured?  What  amperes 
would  the  0000  wire  carry  at  no,  220, 
550,  and  22000  volts  ?  What  voltage 
does  the  Board  of  Fire  Underwriters' 
base  the  safe  carrying  capacity  of 
wires  on  as  listed  in  their  regulations. 
If  this  same  wire  were  used  for 
several  different  voltages,  how  would 


the  carrying  capacity  in  amperes  be 
figured?  ir'lease  give  me  a  rule  for 
finding  the  size  of  the  wire  required 
to  carry  a  certain  current  with  so 
many  volts  drop  at  a  certain  voltage? 
F.H.  (w.va.) 
There  is  no  definite  carrying  capa- 
city of  a  copper  wire,  as  a  wire  will 
carry  any  current  that  is  forced  through 
it  unless  it  melts  first.  The  usual  prac- 
tical limit  of  carrying  capacity  is  the 
current  at  which  the  temperature  will 
rise  sufficiently  to  damage  the  surround- 
ing substances.  This  temperature  will 
obviously  depend  upon  the  suroundings ; 
it  can  be  very  much  higher  for  mica 
insulation,  lor  instance,  than  for  cotton 
insulation.  Also  the  current  which  is 
required  to  raise  the  temperature  a 
certain  number  of  degrees  depends  on 
the  ventilation.  For  instance,  wire 
strung  on  a  pole  with  the  air  free  to 
circulate  all  around  it  will  carry  a 
much  higher  current  per  degree  tempera- 
ture rise  than  will  a  wire  enclosed  in 
the  wall  of  a  house  where  there  is  no 
chance  for  ventilation.  The  carrying 
capacity  of  wires  as  listed  by  the  Fire 
Underwriters  is  that  current  which  the 
Underwriters  consider  can  be  carried 
safely,  that  is  without  any  fire  risk, 
when  the  wires  are  completely  enclosed 
in  the  walls  of  the  house  so  that  there 
is  no  chance  of  ventilation.  From  the 
above  it  is  evident  that  the  carrying  ca- 
pacity is  dependent  only  on  the  heating 
effect,  and  hence  is  dependent  only  on 
the  current  which  passes  through  the 
wire,  and  is  entirely  independent  of  the 
voltage  between  the  wires.  Hence  the 
Underwriters  tables  are  independent  of 
the  voltage.  For  this  reason,  it  is  not 
always  safe  to  use  the  smallest  wire 
which  is  allowed  by  the  Underwriters, 
as  this  wire  may  be  large  enough  to 
carry  the  current  without  heating  but 
at  the  same  time  may  cause  a  sufiicient 
voltage  drop  to  give  poor  regulation ; 
that  is,  the  wire  may  absorb  so  much 
of  the  voltage  that  the  lamps  will  burn 
dimly  or  the  motors  operate  at  slow 
speed.  A  well  known  rule  for  deter- 
mining the  size  of  wire  with  respect  to 
voltage  drop  for  direct  current  is  ;— 
Volts  drop  :=  10.7  X  amperes  X 
length  of  circuit  in  feet  divided  by 
circular  mils. 

This  rule  is  based  on  copper  wire  at 
75  degrees  and  of  98  percent  conduc- 
tivity. The  length  of  the  wire  is  twice 
the  length  of  the  circuit.  For  short 
runs  and  low  current  values,  this  rule 
is  satisfactory  for  single-phase  alterna- 
ting-current. For  longer  lines,  the  alter- 
nating current  calculations  are  more 
complicated.  A  chart  for  the  rapid  esti- 
mating of  the  voltage  drop  in  alterna- 
ting-current lines  is  given  in  an  article 
by  IVfr.  H.  B.  Dwight  in  the  Journal 
for  July  1915,  p.  306.  c.r.r. 

1714  —  Voltage  Between  Phases  — 
Please  explain  why  I  am  able  to  get 
approximately  no  volts  between  phase 
A  and  phase  B,  no  matter  what  lines 
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are  used  on  a  certain  two-phase  four- 
wire  220  volt  system?  I  have  this 
same  result  twice,  with  a  220  volt  test 

lamp.  A.H.K.    (CAL.) 

The  existence  of  the  voltages  men- 
tioned may  be  due  entirely  to  high  re- 
sistance grounds  on  the  distribution 
lines,  to  leakage  between  phases,  or 
the  generator  winding  may  be  such  that 
there  is  electrical  connection  between 
phases.  If  the  voltages  are  due  to  such 
grounds,  they  might  have  any  value, 
but  it  is  not  probable  that  the  voltages 


FIGS.   1714(a)   and   (b) 

between  each  pair  of  leads  will  be  the 
same  as  stated ;  but,  if  the  voltages  were 
measured  only  by  the  test  lamp,  the  lamp 
might  appear  to  be  heated  to  about  the 
same  color  even  with  fairly  wide  dif- 
ferences in  voltage.  If  the  voltages  are 
due  to  electrical  connection  between 
phases  in  the  generator  winding,  they 
would  be  equal  and  would  be  155  volts 
across  each  phase.  The  connection  be- 
tween phases  might  be  made  at  the 
neutral,  as  in  Fig.  (a)  or  the  winding 
might  be  similar  to  a  two-circuit  direct- 
current  winding,  as  in  Fig.  (b).  The 
voltages  should  be  measured  by  a  volt- 
meter to  determine  which  of  these 
reasons  is  the  right  one.  If  the  lamp 
burns  with  about  the  same  color  when 
connected  between  each  pair  of  leads 
of  different  phases  when  the  feeder 
switches  are  all  open  (all  load  being 
disconnected  from  the  generator),  the 
voltages  are  probably  due  to  the  type 
of  armature  winding.  f.d.n. 

1715— RE-1662— In  No.  1662  (Nov.  '18) 
you  say  that  the  number  of  rotor  bars 
follows  the  number  of  stator  slots. 
What  would  be  the  effect  if  the  bars 
are  greater  or  less  in  number  than 
the    slots?  J.H.B.    (WYO.) 

The  answer  to  1662  states  only  that 
the  number  of  rotor  bars  (or  slots) 
follows  from  the  number  of  stator 
slots.  The  number  of  rotor  slots 
should  be  greater  or  less  than  the 
number  of  stator  slots  by  at  least  15 
percent  to  insure  against  too  great  a 
variation  in  magnetic  reluctance,  which 
results  in  a  tendency  toward  dead  or 
locking  points.  On  motors  with  a 
large  number  of  poles  it  is  better  to 
have  the  number  of  rotor  slots  greater 
than  the  stator  slots,  as  the  rotor  slot 
and  zig-zag  leakage  reactances,  which 
are  a  large  proportion  of  the  total 
leakage  reactance,  will  be  less  and  the 
losses  due  to  pulsations  of  flux  which 
will  be  increased  arc  of  little  conse- 
quence. On  the  other  hand  for  motors 
with  a  small  number  of  poles,  say 
eight  poles  and  lower,  it  is  better  to 
have  the  number  of  rotor  slots  less 
than  the  stator  slots,  for  the  rotor  slot 
and  zig-zag  leakage  reactances  which 
would  be  increased  arc  a  small  pro- 
portion of  the  total  leakage  reactance, 
and  the  pulsation  losses  above  men- 
tioned would  be  greatly  decreased,  and 
these  are  of  considerable  consequence 
on  the  high-speed  motors.  b.b.r. 


1716 — 20  Hp  Rotor  in  a  37  Hp  Stator — 
What  service  can  be  expected  from 
a  motor  comprised  of  a  37  hp,  1200 
r.p.m.  stator  and  a  20  hp,  900  r.p.m. 
squirrel-cage  rotor.  Their  parts  are 
interchangeable   mechanically. 

J.H.B.    (WYO.) 

In  an  eight-pole  rotor,  the  end  ring 
is  in  effect  in  eight  parallels;  while  in 
a  six-pole  motor  the  ring  is  in  six 
parallels,  which  causes  the  same  ring 
to  have  80  percent  more  resistance  when 
used  with  a  six-pole  primary  than  when 
used  with  an  eight-pole  primary.  The 
resistance  of  the  bars  is  not  affected  by 
the  different  primaries  and  since  in  a 
six  or  eight-pole  motor  the  bar  re- 
sistance is  a  large  part  of  the  total 
resistance,  the  large  increase  in  the  ring 
resistance  does  not  make  a  correspond- 
ing increase  in  the  total  resistance. 
This  increase  in  the  secondary  resist- 
ance will  give  an  increased  rotor  loss 
and  rotor  heating  but  not  sufficient  to 
injure  the  motor.  This  increase  in  re- 
sistance will  also  give  greater  slip, 
greater  starting  torque  and  slightly 
lower  efficiency.  The  above  is  on  the 
assumption  that  the  900  r.p.m.,  eight- 
pole  rotor  is  not  a  special  high-slip 
rotor  but  a  rotor  for  normal  slip,  in 
which  case  it  should  be  possible  to  ob- 
tain the  full  rating  from  the  37  hp 
primary   with   this    squirrel-cage   rotor. 

B.B.R. 

1717^  Ventilation  of  Alternator  — 
Assume  the  case  of  a  5000  k.v.a., 
2300  volt  alternator  having  both  in- 
take and  discharge  air  ducts.  What 
rise  in  temperature  of  the  cooling  air 
may  we  expect,  the  required  volume 
of  air  being  furnished  the  machine 
at  full  load?  What  would  be  a  fair 
value  to  assume  for  the  pressure  drop 
through  a  cheese  cloth  screen  placed 
in  the  intake  duct?  Would  it  not  be 
more  correct  in  approximating  the 
cooling  air  required  to  take  it  as  cubic 
feet  per  minute  per  ampere  rather 
than  per  kilowatt?  M.j.i.    (D.c.) 

A  temperature  rise  of  25  to  30  de- 
grees C  may  be  expected  in  the  cooling 
air  of  a  turbogenerator.  The  pressure 
drop  through  a  cheese  cloth  screen  is 
a  variable  quantity,  depending  on  the 
fineness  of  the  mesh  and  the  amount 
of  dirt  suspended  in  the  screen.  Tests 
at  a  velocity  of  50  feet  per  minute  have 
shown  that  drops  are  obtained  of  0.2 
inches  of  water  column  when  the  screen 
is  clean,  and  1.5  inches  when  dirty.  The 
quantity  of  cooling  air  cannot  be  based 
on  ampere  rating,  as  the  copper  loss  in 
a  turbogenerator  is  small  compared 
with  the  iron  loss  and  friction  and 
winda.ee,  which  are  practically  constant 
for  all  loads.  For  this  reason,  the 
cubic  feet  of  air  should  be  based  on  the 
total  loss  in  the  generator.  A  safe 
figure  to  allow  is  approximately  80  cubic 
feet  per  kilowatt  loss.  A  turbogenerator 
maximum  rated  at  5000  k.v.a.,  will  re- 
quire approximately  24000  cubic  feet 
of  air  per  minute.  S.L.H. 

1718 — Short-Orcuited  Wound  Rotor — 
What  service  can  be  expected  from  a 
wound  rotor  motor  with  short-cir- 
cuited rings  and  a  compensator  for 
starting?  Is  this  installation  liable  to 
show  dead  spots  when  starting?  Will 
short-circuiting  each  and  every  rotor 
bar  of  a  wound  rotor  give  it  the  same 
characteristics  as  a  squirrel-cage 
rotor?  J.H.B.    (WYO.) 

In  case  the  wound  rotor  has  a  high- 


resistance  winding  it  will  give  a  fairly 
good  starting  torque  with  the  rings 
short-circuited.  It  is  however,  liable 
to  show  locking  points  and  may  give 
trouble  if  used  to  start  a  load  requiriiig 
even  a  moderate  torque  to  start  it. 
Short-circuiting  every  rotor  bar  with  a 
ring  will  give  a  rotor  having  character- 
istics similar  to  those  of  a  squirrel-cage 
rotor.  Just  what  the  actual  perform- 
ance of  the  motor  will  be,  will  depend 
on  the  total  resistance  of  the  rotor  cir- 
cuit. B.B.R. 

1 7 19 — 40  vs.  60  Cycles — Why  is  the 
efficiency  or  power-factor  higher  on 
a  30  cycle  line  than  on  a  60  cycle 
line  and  is  there  any  other  advantage 
of  a  30  cycle  system?  Does  a  30 
cycle  motor  have  a  higher  power- 
factor  than  a  60  cycle?  In  changing 
over  60  cycle  motors  to  30  what  loss 
is  there?  Can  the  same  current 
transformers  and  ammeters  be  used 
on  30  and  60  cycle  circuits?  We  are 
changing  over  from  our  present  60 
cycle  system  to  30  cycles. 

G.L.MCL.    (QUEBEC) 

For  the  same  speed  and  output  the 
efficiency  of  30  and  60  cycle  motors  is 
about  the  same,  but  the  power-factor 
is  higher  in  the  case  of  30  cycles  due 
to  the  fact  that  the  number  of  poles 
in  the  30  cycle  motors  is  one  half_  that 
in  the  60  'cycle  motors.  This  higher 
power-factor  gives  a  lower  full-load 
current  which,  together  with  the  lower 
reactance  of  the  30  cycle  transmission 
system,  gives  a  lower  line  drop  for  the 
same  horse-power  load.  An  objection 
to  the  use  of  a  30  cycle  instead  of  a 
60  cycle  system  for  supplying  a  motor 
load  is  that  30  cycle  motors  can  be  ob- 
tained commercially  for  speeds  of  only 
1750,  850  and  585  r.p.m.  while  60  cycle 
motors  can  be  obtained  for  speeds  of 
3450,  1750,  1 160,  860,  700,  585  and  500 
r.p.m.  Motors  built  for  60  cycle  opera- 
tion in  most  cases  can  be  changed  for 
30  cycles  only  by  maintaining  the  same 
number  of  poles,  which  reduces  the 
speed  and  horse-power  output  to  one 
half.  If  the  voltage  of  the  30  cycle 
system  is  the  same  as  for  60  cycles 
the  motors  can  usually  be  changed  for 
the  same  number  of  poles  by  _  recon- 
necting the  primary  winding  with  one 
half  the  number  of  parallel  circuits. 
If  the  .-^o  cycle  voltage  is  reduced  to 
one  half  the  value  at  60  cycles  no 
change  is  necessary  in  the  motors. 
For  either  of  the  above  changes  for 
30  cycles  with  half  the  speed  and  out- 
put, the  power-factor  will  be  the  sarne 
as  at  60  cycles  but  the  efficiency  will 
be  from  five  to  eight  percent  lower. 
In  some  cases  it  is  possible  to  change 
60  cycle  motors  for  ,30  cycles  and  ob- 
tain the  same  speed  and  output  by 
rewinding  the  motors  for  half  the 
number  of  poles,  but  it  is  advisable  to 
consult  the  motor  manufacturer  before 
attempting  such  changes.  Most  com- 
mercial current  transformers  and  meters 
ran  be  used  interchangeably  on  30  and 
60   cycles.  O.S. 

1720 — Delta  vs.  Star  Connection — 
I  have  a  five  hp,  four-pole,  220  volt 
induction  motor  with  48  coils  con- 
nected parallel  star.  Each  coil  is 
wound  with  18  turns  of  No.  15 
D.  C.  C.  wire.  Another  four- pole, 
220  volt  motor  has  48  coils  connected 
series  delta.  The  coils  in  this  motor 
are  wound  with  16  turns  of  No.  15 
wire.     From     previous     articles     and 
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answers    I    can    see    why    the    series 
delta   motor   has    two    turns    per   coil 
less  than  the  parallel  star  motor,  but 
my  question  is,  what  is  the  advantage 
of   or   the   reason   why   one   motor   is 
connected   series   delta   and   the   other 
one    parallel    star?      The    name    plate 
ratings  of  both  motors  were  alike  as 
to  voltage  phase,  speed  and  frequency 
but    the   current    in   amperes    differed 
by  one  or  two  tenths  of  an  ampere. 
H.p.w.  (pa.) 
In  general,  designers  use  the  star  or 
■delta  connection  depending  upon  which 
one   of   the   two   gives   not   only   an  in- 
tegral   number   of    conductors   per   coil, 
but  also  that  number  of  conductors  that 
will   utilize   the   available   sizes   of   con- 
ductors   to    the    best    advantage    in    the 
slot    space.     It   is    desirable    to    arrange 
the    windings    of    motors    so    that    they 
can   be   connected    for   voltages   of   440, 
220  and  no   (in  small  motors)   without 
changing    the    coils,    which    means    that 
for  a   four  pole  motor  the  connections 
must  be  in   series   for  440,  parallel   for 
220  and   double   parallel    for   no  volts. 
It  is  seen  then  that  the  motor  connected 
series  delta  on  220  volts  cannot  be  re- 
connected   for   440    volts    without    ma- 
terially   changing    its    performance   and 
that  to  arrange  it  for  this  reconnection 
would    require    either    a    parallel    delta 
connection  with  32  turns  per  coil   or  a 
parallel    star   connection    with    18   turns 
per  coil.     In  motors  such  as  five  horse- 
power  and   smaller,   where   the   number 
of  turns  in  the  coils  are  large  it  is  de- 
sirable   to    keep    the    number    of    turns 
as  small  as  possible  and  the  size  of  the 
wire  as  large  as  possible  to  strengthen 
the  coil  mechanically,  decrease  the  cost 
of   winding   the   coil,    and    reduce    to   a 
minimum    the    sum    total    of    insulation 
on  the  wires  in  the  coil.     Therefore  the 
star    connection    instead    of    the    delta 
would  be  the  more  desirable  one  to  use 
in    this   case   and   is    the   one    generally 
used  on  the  smaller  motors.  o.s. 

1721  —  Regenerative  Braking  in  a 
Coal  Mine — We  have  twelve  zy  hp, 
three-phase  wound-rotor  motors  op- 
erating on  a  very  poorly  regulated 
system.  On  account  of  small  copper 
the  voltage,  when  several  motors  are 
running,  is  reduced  50  percent.  The 
motors  are  used  to  hoist  coal  out  of 
a  mine  and  the  distance  traveled  up 
hill  with  a  load  is  equal  to  the  dis- 
tance traveled  down  without  a  load. 
The  relative  weight  of  a  load  and 
car  to  an  empty  car  is  5  to  2.  Will 
lowering  the  empty  cars  with  the 
motor  (regenerative  braking)  im- 
prove the  voltage  on  the  line  in  such 
a  way  that  the  additional  power  will 
be  available  for  the  other  equipment? 
Please  give  me  an  idea  of  the  speed 
of  the  car  going  down  hill  on  differ- 
ent points  of  the  controller.  Will 
the  motor  pull  out  when  regenerating 
at  about  the  same  rope  strain  as  when 
used  to  hoist.  What  is  the  power- 
factor  when  regenerating? 

J.H.B.     (WYO.) 

The  motors  can  be  used  for  regenera- 
tive braking  in  the  manner  suggested, 
but  we  do  not  anticipate  any  marked 
improvement  in  voltage  conditions  in 
this  case  because  of  the  small  capacity 
and  the  low  ratio  of  lowered  load  to 
hoisted  load.  If  it  is  assumed  that  the 
average  motor  load  when  hoisting  is 
35  hp,  then  on  lowering  the  empty  car, 
the  rope  pull  available  for  driving  the 
motor  as  a  generator  would  be  equiva- 


lent to  approximately  seven  hp,  assum- 
ing 50  percent  efficiency  for  the  hoist 
equipment.  And  further  assuming  that 
at  this  load  the  generator  efficiency 
would  be  approximately  60  percent,  it 
is  seen  that  the  electrical  output  is 
only  about  three  kw.  This  means  that 
if  at  any  time  six  machines  were  operat- 
ing as  motors  and  six  operating  as  gen- 
erators the  total  electrical  output  would 
be  18  to  20  kw,  while  the  total  elec- 
trical input  to  the  six  motors  would 
probably  be  ten  times  this  amount. 
For  equal  rope  pulls  the  power-factor 
as  a  generator  would  be  a  few  percent 
less  than  as  a  motor.  The  maximum 
rope  pull  obtainable  when  driving  the 
generator  would  be  somewhat  greater 
than  obtainable  when  operating  as  a 
motor  due  to  the  losses  in  the  machine. 
It  should  be  noted  that  if  lowering  is 
done  by  this  method  it  is  necessary'  to 
plug  the  motor  or  use  the  mechanical 
brakes  to  make  a  stop,  as  inserting  re- 
sistance in  the  secondary  of  the  gener- 
ator decreases  the  torque  and  allows  the 
speed  to  increase.  t.w. 

1722 — Reversal  of  Generator  Voltage 
— In  pulling  out  the  main  switch 
when  a  direct-current  generator  is 
loaded  it  sometimes  reverses  the 
polarity.  Why  is  this?  e.m.  (n.y.) 
If  the  generator  is  connected  properly, 
reversed  polarity  will  not  result  from 
the  simple  cause  mentioned  above. 
Certain  combinations  are  possible,  and 
are  sometimes  met  with,  which  permit 
such  action  to  take  place.  In  the 
present  case  there  is  not  enough  in- 
formation available  to  allow  any  ex- 
planation. A  condition,  for  example, 
under  which  reversal  of  polarity  may 
occur,  is  this :  A  generator  feeding  a 
highly  inductive  circuit  is  disconnected 
inside  the  shunt  field  connections,  thus 
leaving  the  shunt  field  winding  con- 
nected to  the  load  circuit.  If  the  stored 
energy  in  the  load  circuit  is  greater 
than  that  in  the  shunt  field,  the  former 
will  discharge  through  the  shunt  wind- 
ing; and  the  reverse  current  in  the 
latter,  unless  very  slight,  will  reverse 
the  remanent  magnetism  in  the  machine. 

F.L.M. 

1723— Telephone  Interference — I  have 
a  three-phase,  60  cycle,  22000  volt 
transmission  line,  42  miles  long, 
carrying  about  400  kw  with  the  wires 
strung  on  poles  on  our  own  right  of 
way.  There  is  a  telephone  line  with 
two  wire  metallic  circuit  on  the  same 
poles  and  on  account  of  the  induction, 
the  telephone  is  very  noisy,  making 
the  use  of  the  telephone  impossible 
when  the  power  is  on.  The  line 
passes  over  the  mountains  at  an  alti- 
tude of  not  over  3000  ft.  through 
normally  dry  air.  The  telephone  line 
has  been  transposed  every  1500  ft. 
but  the  power  line  is  transposed  but 
once.  In  order  to  lessen  the  induc- 
tion should  the  telephone  line  be 
transposed  oftener?  What  distance 
between  transpositions?  How  should 
the  transpositions  be  arranged? 
Should  the  main  power  line  be  trans- 
posed also?  If  so,  how  often?  In 
the  towns  the  arc  lamp  circuits  seem 
to  cause  induction  in  local  telephone 
circuits;  why  is  this?  The  arcs  are 
direct-current  series  metallic  flame 
type.  Induction  is  not  noticed  except 
when  the  arcs  are  on.  How  can  this 
type   of   induction   be   eliminated? 

c.e.a.   (santo  domingo) 


(a)  The  22000  volt  power  line  should 
be  transposed  as  well  as  the  telephone 
circuit  which  runs  on  the  same  poles, 
(b)  Three  or  four  complete  transposi- 
tions or  "barrels"  should  suffice  if  the 
location  of  the  power  wires  with  re- 
spect to  the  telephone  wires  is  uniform. 
By  a  "barrel"  is  meant  an  arrangement 
of  a  section  of  the  power  circuit  within 
which  each  conductor  occupies  each  of 
the  conductor  positions  for  equal  dis- 
tances. For  instance,  for  a  12  mile 
barrel,  conductor  A  would  occupv  pin 
/  for  four  miles;  pin  .?  for  the  next 
four  miles;  and  pin  3  for  the  third 
four  miles.  Conductor  B  would  oc- 
cupy pin  2  for  the  first  four  miles,  pin 
S  for  the  second  and  pin  /  for  the 
third.  Conductor  C  would  occupy  pin 
3  for  the  first  four  miles,  pin  /  for  the 
second  and  pin  2  for  the  third.  The 
telephone  line  should  be  transposed  with 
respect  to  the  transpositions  of  the 
power  line,  so  that  both  telephone  con- 
ductors will  occupy  a  given  position 
for  equal  total  distances  for  each  con- 
figuration of  the  power  circuit,  (c) 
By  carefully  providing  transpositions 
in  the  lines  in  accordance  with  the 
aljove  scheme,  and  at  the  same  time, 
seeing  that  the  telephone  conductors 
are  well  insulated  and  balanced  as  re- 
gards insulation  resistance,  the  inter- 
ference will  probably  be  eliminated. 
However,  there  may  be  induction,  due 
to  an  unbalanced  condition  in  the  power 
circuit,  such  as  would  be  the  case  if 
one  conductor  were  grounded  or  poorly 
insulated  from  ground.  If  the  neutral 
is  grounded  at  more  than  one  point 
there  may  be  present  unbalanced  loads 
from  the  conductors  to  neutral,  or  an 
unbalanced  third  harmonic  may  exist. 
The  elimination  of  the  third  harmonic 
by  means  of  star-delta  connected  trans- 
formers is  possible,  (d)  Current  in  the 
arc  lamp  circuit  is  probably  not  a 
smooth  direct  current,  on  account  of 
the  use  of  rectfiers  for  obtaining  the 
current.  The  interference  from  this 
current,  however,  should  not  be  serious 
if  the  telephone  line  is  well  transposed 
and  well  maintained  and  is  located  at 
a  distance  from  the  lighting  circuit 
which  can  be  considered  safe  from  the 
standpoint  of  physical  hazard.  Of 
course,  if  the  telephone  line  is  a 
grounded  circuit,  there  will  be  inter- 
ference. Grounded  telephone  circuits 
are  now  considered  obsolete,  largely  on 
account  of  their  liability  to  inductive 
interference  troubles.  A.W.C. 


CORRECTIONS 

In  the  subtitle  to  Fig.  14,  p.  468,  of 
Mr.  Mahoney's  article  in  the  Journal 
for  Nov.  '18,  the  words  "all  synchron- 
ous" and  "connected"  should  be  omitted, 
as  this  chart  is  based  on  a  fixed  re- 
actance, and  does  not  include  the  change 
of  reactance  with  time,  which  takes 
place  in  synchronous  apparatus  as 
shown  in  Figs.  6  and  7.  It  is  also 
based  on  constant  voltage,  which  pre- 
supposes sufficient  generating  capacity 
to  maintain  this  condition  approxi- 
mately. 

In  the  Journal  for  Feb.  '19,  the  title 
to  Fig.  5,  page  48,  should  read  "tem- 
perature CURVES  AT  full  LOAD  AND  I._S 
LOAD  WITHOUT  BLOWER."  The  title  to 
Fig.  9,  page  50,  should  read  "direct- 
current  SHORT-CIRCUIT  TEST  AT  20  TIMES 
FULL  LOAD."  In  the  first  equation  on 
page  6s,  "id"  should  read  "io~'". 
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Railway  Motor  Testing — III 


In  overhauling  or  repairing  railway  motor  frames  or  fields, 
it  is  advisable  to  test  certain  detail  parts  before  they  are  placed 
in  the  frames,  to  insure  against  unnecessary  work  during  the 
rebuilding  of  motor.  A  very  good  precaution  is  to  paint 
Ihe  inside  of  the  motor  frame  thoroughly  with  a  heavy 
asphaltum  paint,  before  putting  the  field  coils  in  place,  taking 
care  not  to  get  any  paint  on  the  pole  seat,  which  would  tend 
to  weaken  the  magnetic  field. 

BRUSHHOLDERS 

Grounds — Brushholders  of  the  insulated  pin  type  should 
be  given  a  test  for  grounds  with  the  apparatus  shown  in  Fig.  I 

Trolley 

I  Ammeter  Battery 


Resist 


u 


FIG.    16 — B.\R  TO  P..\R  SET 


FIG.    17 — TELEPHONE  SET 


or  4  (R.  O.  D.  January,  1919)  in  a  manner  similar  to  that  de- 
scribed for  commutators,  (R.  O.  D.  February,  1919),  placing 
one  lead  on  the  brushholder  and  the  other  on  the  brass  support. 

MAIN   OR   COMMUTATING-POLE   FIELD   COILS 
COIL  TESTING  OUTFIT    (Fig.   3) 

Short-Circuits — Place  the  coil  on  either  one  of  the  outer 
legs  of  the  coil  testing  outfit  (Fig.  3),  with  the  yoke  removed. 
If  the  wattmeter  needle  deflects  with  the  exciting  coil  switch 
closed,  this  indicates  that  some  of  the  turns  are  short-circuited. 
In  using  this  testing  outfit,  the  wattmeter  can  be  replaced  by  a 
telephone  receiver.  Then,  if  the  coil  is  O.  K.,  there  will  be  a 
rnedium  buzzing  sound  heard  in  the  receiver,  but  if  it  is  short- 
circuited,  the  sound  will  be  much  louder. 

Opcn-Circiiits — To  test  for  an  open  circuit,  place  the  coil 
on  either  one  of  the  outer  legs  of  the  coil  testing  outfit  with 
the  yoke  removed,  and  short-circuit  the  leads  of  the  coil  to  be 
tested.  No  increase  in  the  deflection  of  the  wattmeter  needle 
indicates  that  the  coil  is  open  circuited. 

If  the  telephone  receiver  is  used  to  replace  the  wattmeter 
in  making  these  tests,  with  the  coil  leads  disconnected,  a 
medium  sound  is  heard  in  the  telephone  receiver.  If  the 
sound  is  not  changed  by  short-circuiting  the  coil  leads,  this  is 
an  indication  that  the  coil  is  open  circuited. 

BAR  TO  BAH  TESTING  SET   (Fig.  7) 

Resistance  Measurements — By  means  of  this  apparatus, 
connected  as  shown  in  Fig.  16,  resistance  measurements  of  a 
repaired  or  an  old  coil  are  taken.  These  can  be  compared  with 
the  correct  resistance  values  obtained  from  the  manufacturer 
of  the  coils,  or  from  measurements  of  the  resistance  of  a  coil 
that  is  known  to  be  O.  K. 

Indirect  Method  A — With  this  outfit,  take  a  reading  of 
volts  and  amperes  (values  to  be  kept  within  range  of  meters 
used,  by  varying  the  resistance  of  circuit)  and  by  dividing  the 
voltmeter  reading  by  the  ammeter  reading,  the  resistance  of 
the  coil  under  test  will  be  found.  This  relation  is  obtained 
from  Ohm's  Law,  from  which  the  resistance  equals  the  volts 
divided  by  the  amperes.  These  readings  should  be  taken  in 
a  room  where  the  temperatures  are  approximately  25  degrees 
C.  or  75  to  80  degrees  F. 

Direct  Method  B— Probably  a  simpler  method  is  to  have 
a  standard  coil  which  is  known  to  be  O.  K.  in  scries  with  the 
coil  being  tested,  and  take  two  sets  of  voltage  readings,  one 
on  the  standard  coil,  the  other  on  the  test  coil,  holding  the 
amperes  the  same  while  taking  both  sets  of   readings. 

Short-Ciraiits—M  the  resistance  values  figured  (method 
A)  or  if  the  voltmeter  readings  (method  B)  are  low  (ten 
percent  or  more)  on  the  coil  being  tested,  a  short-circuit  is 
indicated. 


Open   Circuits — If   the   resistance  values   figured    (method 
A)   or  if  the  voltmeter  readings    (method  5)    are  high    (ten 
percent  or  more)    on  the  coil  being  tested,  a  poorly  soldered 
connection  or  an  open  circuit  is  indicated. 
TELEPHONE  RECEIVER  SET    (Pig.  5) 

Using  this  apparatus  connected  as  shown  in  Fig.  17,  field 
coils  can  be  tested  by  placing  the  terminals  from  the  battery 
circuit  and  the  terminals  from  the  telephone  receiver  to  the 
test  coil  leads,  and  noting  the  intensity  of  the  sound  in  the 
telephone  receiver.  This  method  is  not  very  sensitive  in 
locating  partial  short-circuits. 

Open  Circuit — In  testing  with  this  outfit  for  open  circuit, 
a  loud  click  will  be  heard  when  the  circuit  is  closed,  rather 
than  a  sustained  loud  buzzing  sound. 

Short-Circuits — A  medium  sound  in  the  receiver  indicates 
that  the  coil  is  O.  K.,  while  a  weaker  sound  indicates  that  the 
coil  is  short-circuited. 
LIGHTING-OUT  LINE    (Fig.   4) 

Open    Circtiits — If    the   lamps    do   not    light   up   when   the 
terminals  of   this   outfit  are  applied  to   the   leads   of   the  field 
coil,  the  coil  is  open  circuited. 
ALTERNATING-CURRENT   TESTING    CIRCUIT 

By  means  of  the  same  apparatus  as  shown  in  Fig.  9,  con- 
nected to  no  volt  alternating-current  circuit  Fig.  18,  coils  can 
be  tested  for  open  and  short-circuits.  In  using  this  apparatus, 
it  is  necessary  to  keep  the  current  values  in  the  coils  down  to 
approximately  40  to  50  amperes,  so  as  not  to  overheat  the 
windings  of  a  normal  coil. 

Short-Circuits — If,  after  the  switch  has  been  closed  for 
two  or  three  minutes,  excessive  heating  of  certain  parts  of  the 
coil  is  noted,  some  of  the  turns  of  the  coil  are  probably  short- 
circuited.  In  making  this  test,  it  is  necessary  that  a  closed 
iron  magnetic  circuit  (preferablj-  laminated)  pass  through  the 
center  of  the  coil  and  surround  one  side  of  the  coil. 

Open    Circuits — If,   when    the    switch    is    closed   and    then 
opened,  no  spark  is  drawn,  the  coil  is  open  circuited. 
NEW  CENTURY  TESTER    (Fig.  6) 

With  this  apparatus  arranged  as  in  Fig.  6,  all  of  the  above 
tests  can  be  made  on  field  coils,  which  give  indications  some- 
what similar  to  those  obtained  by  the  use  of  the  telephone 
receiver  set. 

The  pointer  is  set  to  the  standard  reading  given  for  the 
type  of  coil  being  tested,  and  if  the  sound  continues  without 
change   when   the   switch   lever  closes   the   circuit  on   the   two 


FIG.    18 — A.    C.   TEST   CIRCUIT 

contact  buttons,  the  coil  is  O.  K.  If  the  sound  should  be 
louder  on  one  side  of  the  switch  than  on  the  other  side,  the 
field  coil  is  weak.  In  this  case,  push  the  pointer  along  the 
scale  until  the  two  sounds  again  become  continuous.  This 
second  adjustment  shows  how  badlj*  the  coil  is  affected. 

COMPLETED  FIELDS 

Grounds — After  the  coils  and  brushholders  are  placed  in 
the  frame,  and  bolted  down  tight  in  place  and  all  connections 
made,  repeat  the  ground  test  with  the  apparatus  in  Fig.  I  or  4 
as  previously  described. 

Short-Circuits — The  individual  coils  can  be  tested  for 
short-circuits,  using  any  of  the  above  methods  as  outlined.  It 
is  advisable  to  make  this  test  before  the  connections  are  taped. 

Open  Circuits — Test  the  coils  and  wiring-around-frame  for 
open  circuits  with  a  lighting-out  line  as  previously  described. 

Polarity  Tests  are  to  be  made  with  apparatus  connected  as 
shown  in  Fig.  9.  Current  is  passed  through  all  of  the  coils 
connected  in  series,  and  by  means  of  a  compass  needle,  held 
to  the  same  end  of  each  coil,  the  polarity  is  checked  by  noting 
which  end  of  the  compass  needle  is  attracted  by  this  coil.  Ad- 
jacent coils  should  attract  opposite  ends  of  the  compass  needle. 
For  fuller  details  of  this  method,  see  R.  O.  D.  December,  1916. 


The  Electric  Journal 


Vol.  XVI 


April.  1919 


NO.  4 


The  New 

South 

Philadelphia 

Works 


More  than  usual  interest  attaches  to 
the  very  complete  article  on  the  new 
South  Philadelphia  Works  by  Vice- 
president  H.  T.  Herr,  with  supple- 
mentary descriptions  by  Oscar  Otto, 
general  superintendent  of  the  works,  and  by  Graham 
Bright,  appearing  elsewhere  in  this  issue  of  the  Jour- 
nal. Many  of  us  have  not  known  that  the  steadily  in- 
creasing demand  for  Westinghouse  products,  under  the 
broad  constructive  policy  of  the  present  management, 
has  resulted  in  an  expansion  of  the  facilities  of  the  par- 
ent and  its  subsidiary  and  controlled  companies,  until 
there  are  now  21  separate  and  distinct  factories  or  sets 
of  factories,  distributed  through  eight  States  and  em- 
ploying in  the  neighborhood  of  55  000  people. 

When  the  indications  of  further  continued  growth 
resulted  in  a  decision  again  to  provide  additional  facili- 
ties, Philadelphia  was  selected,  after  a  careful  compari- 
son of  the  advantages  offered  by  different  sections  of 
the  country.  The  importance  attached  to  the  enterprise 
by  the  management  is  indicated  by  Mr.  Herr's  state- 
ment that  the  total  land  occupied  by  the  East  Pittsburgh 
factories  is  53  acres,  whereas  the  South  Philadelphia 
purchase  comprises  500  acres. 

The  lay-out  of  the  buildings  already  erected  and 
the  plans  for  their  future  extension  are  very  clearly 
shown  in  Mr.  Herr's  article  but  his  modesty  has  pre- 
vented him  from  repeating  the  encomiums  almost  uni- 
versally forthcoming,  from  the  many  visitors  who  have 
inspected  this  development,  for  many  of  the  features 
for  which  he  is  responsible.  With  two  important  rail- 
way systems  serving  the  site,  one  on  either  side  and 
each  with  an  adequate  yard,  the  facilities  for  getting 
raw  materiail  into  the  plant  and  finished  products  cut 
of  it  are  almost  ideal,  while  the  grouping  of  the  build- 
ings permits  production  with  a  minimum  handling  of 
material  and  that  always  in  one  direction.  This  state- 
ment applies  to  future  extensions  as  well  as  to  the  pres- 
ent development. 

Started  as  a  peace-time  enterprise  necessary  for 
the  Company's  expanding  requirements,  the  building  of 
the  South  Philadelphia  factories  could  hardly  have  been 
better  timed  as  a  war  measure.  Long  before  they  were 
completed  their  entire  output  for  the  period  of  the  war 
was  purchased  by  the  Government  for  the  equipment  of 
vessels.  At  a  time  when  the  public  funds  were  being 
appropriated  with  a  lavish  hand  and  production  facili- 
ties of  all  kinds  were  being  created  with  the  utmost 
possible  speed,  in  many  cases  with  by  no  means  the  care 
and  study  that  would  be  considered  essential  in  peace 
times,  the  Westinghouse  Company,  without  one  penny 


of  help  from  the  Government,  suddenly  appeared  with 
an  entirely  new  and  absolutely  unhampered  plant,  of 
ample  proportions,  designed  and  built  in  the  light  of  the 
best  modern  factory  practice.  It  cannot  fail  to  be  a 
source  of  great  satisfaction  to  the  directors  and  officers 
of  the  Westinghouse  Company  that  they  were  able  to 
afford  such  substantial  assistance  to  the  Government's 
ship-building  program. 

A  look  at  the  finished  plant  itself  discloses  none  of 
the  many  incidents  of  construction  under  abnormal  con- 
ditions, many  of  which  were  trying.  From  the  time 
when  the  president  assigned  to  the  writer  the  duty  of 
contracting  for  and  supervising  the  building  of  these 
factories  until  they  were  turned  over  to  the  production 
forces,  the  unexpected  continued  to  happen.  The  Plog 
Island  shipyard  was  started  two  and  a  half  miles  av/ay. 
They  wanted  28  000  men  to  build  it.  They  choked  up 
all  the  railroads  with  inbound  freight  and  every  passen- 
ger transportation  agency  with  their  employees  traxel- 
ling  to  and  from  work,  because  there  was  no  near-by 
residential  district.  The  Eddystone  plant  on  the  other 
side  of  us;  The  Sun  Ship  Building  Company  and  the 
Chester  Ship  Building  Company,  all  fairly  near,  made 
these  conditions  worse.  Labor  conditions,  which  were 
bad  all  over  the  country,  became  particularly  acute  here. 
We  built  a  trolley  loop  on  our  land  so  that  the  sing'e- 
end  cars  of  the  Philadelphia  Rapid  Transit  Company, 
constituting  90  percent  of  their  rolling  stock,  could  be 
turned  there,  and  a  special  route  was  established  be- 
tween Philadelphia  and  our  loop.  The  Philadelphia  & 
Reading  Railroad  double  tracked  their  line  through  our 
property  and  were  finally  induced  to  run  workmen's 
trains  between  our  yard  and  Philadelphia  morning  and 
evening  over  a  division  previously  used  for  freight  only. 
This  eased  up  the  traffic  situation  and  relieved  the  labor 
tension. 

We  had  made  our  material  contracts  in  good  sea- 
son but  making  contracts  was  one  thing  and  getting  de- 
liveries under  them  quite  another.  What  with  priority 
certificates  and  freight  embargoes,  it  was  only  by  eter- 
nal vigilance  that  the  succession  of  vexatious  delays 
which  did  occur  was  prevented  from  becoming  dis- 
astrous Credit  is  due  to  the  systematic  persistance  of 
Westinghouse,  Church,  Kerr  &  Company  for  the  effi- 
cient way  they  dealt  with  those  difficulties.  Starting 
with  the  tide  levels  in  the  Delaware  River  as  a  base  and 
bearing  in  mind  that  wharves  for  sea-going  ciaft 
might  some  day  be  built  there,  it  was  desirable  that  the 
property  be  so  graded  as  to  permit  easy  rail  connection 
between  these  wharves  and  our  factories  as  well  as  with 
the   two   railroad    freight  yards.     The   Philadelphia   & 
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Reading  track  profile  showed  a  summit  opposite  our 
land,  the  peak  of  which  was  some  six  feet  too  high  to 
fit  in  with  this  plan.  After  extended  negotiation  the 
Railroad  agreed  to  take  out  this  hump  and  put  tlieir 
level  where  we  wanted  it.  At  the  same  time,  by  an  ex- 
change of  realty,  they  rectified  a  curve  and  our  en- 
closure was  enlarged,  thereby  furnishing  much  needed 
space  for  yard  tracks.  An  important  through  road- 
way, the  "Island  Road",  divided  our  property  and  ef- 
fectually blocked  proceedings  until,  by  a  suitable  Court 
decree,  the  relocation  of  this  highway  was  legalized. 
Incidental  to  this  work  was  the  removal  of  a  trolley  line 
and  the  acquisition  of  the  township  school. 

Another  unexpected  problem  was  the  mosquito 
pest.  This  was  so  serious  that  at  certain  hours  of  the 
evening — during  the  summer  of  19 17 — the  colored 
laborers  on  night  shift  could  only  work  with  gunny 
sacks  over  their  heads.  It  became  evident  that  the  pest 
might  jeopardize  our  entire  undertaking  so  the  matter 
was  vigorously  attacked,  with  the  ultimate  result  that 
there  were  combined  the  interests  of  the  State,  of  the 
City  of  Philadelphia,  of  the  League  Island  Navy  Yard, 
of  the  United  States  Army  owning  an  extensive  rifle 
range  near  by  and  of  the  American  International  Ship- 
building Corporation.  A  fund  of  over  $300000  was 
raised  and  expended  under  the  direction  of  the  State 
Health  Commissioner  by  experts  skilled  in  the  art.  A 
system  of  ditches  and  laterals  was  built  and  two  pump- 
ing stations  installed.  The  water  level  of  the  swamp 
lands  was  lowered,  stagnant  pools  eliminated  and  mos- 
quito breeding  prevented.  This  system,  in  addition  to 
suitable  oil  treatment,  was  put  into  operation  in  1918 
and,  although  not  started  early  enough  in  the  season  to 
have  a  complete  test,  resulted  in  such  a  mitigation  of  the 
pest  as  to  warrant  us  in  expecting  early  and  complete 
success. 

The  co-operation  of  Westinghouse,  Church,  Kerr 
&  Company  in  developing  the  details  of  the  general  de- 
signs provided  for  them  and  in  pushing  the  actual  con- 
struction of  the  work,  after  it  had  been  started  was 
most  satisfactory.  Under  the  general  direction  of  vice- 
president  J.  C.  Boyd  and  with  the  advice  of  their  gen- 
eral engineering  force,  the  work  was  handled  by  Mr. 
H.  A.  Brinkerhoff,  managing  engineer;  Mr.  F.  E.  Cald- 
well, engineer-in-charge,  and  Mr.  F.  H.  McGraw,  su- 
perintendent. Mr.  R.  B.  Mildon,  assistant  to  the 
vice-president,  was  detailed  to  assist  the  writer  in  his 
work  in  connection  with  the  construction  of  the  fac- 
tories and  of  the  town.  To  his  unflagging  energy,  con- 
stant application  and  comprehensive  grasp  of  the  situ- 
ation, is  due — in  a  large  measure — the  successful  re- 
sults which  have  been  obtained. 

A  further  word  regarding  the  housing  develop- 
ment briefly  touched  upon  at  the  close  of  Mr.  Herr's 
paper  may  be  of  interest.  Anticipating  a  possible  fu- 
ture need  for  workmen's  dwellings  and  considerably  in 
advance  of  the  actual  demand,  an  investigation  of  the 
neighborhood  possibilities  was  made  and  90  acres  of 
the  company's  tract,  located  across  the  Reading  Rail- 


road and  immediately  north  of  the  factory  was  selected 
as  the  most  promising  site.  This  tract  is  not  in  any 
village.  Mr.  C.  W.  Brazer,  town  planning  architect, 
of  New  York  and  Chester,  was  retained  by  the  writer 
and  made  a  study  of  all  housing  developments  in  the 
Philadelphia  district  and  of  some  elsewhere,  after 
which  he  prepared  and  submitted  a  plan  for  a  complete 
town  to  contain  when  finished  1182  dwellings,  as  well  as 
stores,  churches,  schools  and  an  athletic  field,  with  an 
estimated  population,  when  completed  and  fully  oc- 
cupied, of  6329  people,  men,  women  and  children.  With 
this  plan  in  hand  when  it  was  suddenly  decided  to  build, 
we  simply  selected  a  section  of  the  proposed  town  site 
22  acres  in  extent  and  proceeded  at  once  with  the  de- 
velopment. There  is  room  for  100  more  houses,  300 
in  all  on  the  same  tract  without  crowding,  when  the 
demand  calls  for  them. 

The  housing  development  is  owned  by  the  South 
Philadelphia  Company,  a  separate  corporation  nev;ly- 
created  for  that  purpose.  The  town  site  is  ideally  lo- 
cated with  respect  to  the  factory.  The  houses  are  un- 
usually well  designed  and  constructed,  and  it  is  a  satis- 
faction to  record  universally  favorable  comments  by 
the  tenants.  With  the  expansion  of  our  factories  and 
of  industry  in  the  Delaware  River  Valley,  the  future 
borough  of  South  Philadelphia  should  develop  into  a 
civic  center  of  no  mean  importance. 

Calvert  Townley. 


The  electric  storage  battery  has  been 
Storage  widely  employed   for  storing  energy 

Batteries  when  an  excess  is  available  and  re- 

storing it  in  dynamic  form  at  other 


Automobile 
Serv'ce 


periods  when  the  demand  exceeds  the 
supply.  In  some  fields  it  has  proved 
more  successful  than  in  others  and  the  conditions  of 
economic  usefulness  for  these  various  applications  were 
well  recognized  and  standarized  at  the  time  when  the 
manufacturers  of  motor  cars  began  to  realize  the  pos- 
sibilities of  electricity  as  applied  to  gasoline  auto- 
mobiles. At  first  this  use  was  confined  to  lighting; 
then  came  the  so-called  "self-starter"  or  electric 
cranking  device,  and  then  the  systems  of  ignition 
employing  batteries  instead  of  magnetos,  all  requiring 
storage  batteries.  Under  the  stimulus  of  the  rapidly 
increasing  demand  for  passenger  cars  and  commercial 
vehicles,  and  the  extension  of  the  uses  of  electricity 
on  automobiles,  the  storage  battery  industry  took  a 
new  lease  on  life.  Its  expansion  was  phenomenal.  It 
is  probable  that  the  total  capacity  of  storage  batteries 
annually  applied  to  motor  cars  now  exceeds  many  fold 
that  used  in  any  other  field. 

As  must  always  be  true  where  there  is  sudden 
and  great  popularity  involving  a  process,  a  material 
or  a  device,  there  are  good  sound  reasons  in  physical 
fact  why  the  storage  battery  became  immediately  so 
generally  used  in  the  automotive  field.  The  first  of 
these  is  that  the  characteristics  of  the  storage  batterv 
fit  in  admirably  to  complement  the  internal  combustion 
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engine,  which  is  not  self-starting.  To  start  it  requires 
the  application  of  a  comparatively  large  amount  of 
mechanical  energy  for  a  relatively  short  period,  after 
which  it  becomes  capable  of  doing  not  only  its  own 
work  but  also  repaying  the  energy  it  borrowed  to  get 
under  way.  The  electric  storage  battery,  in  connec- 
tion with  a  starting  motor  and  a  small  charging  gen- 
erator geared  to  the  main  shaft  of  the  gasoline  motor, 
exactly  meets  the  condition  of  furnishing  the  heavy 
starting  torque  required  to  give  the  engine  its  initial 
start  and  gradually  replenishing  itself  during  the  time 
when  the  engine  is  running. 

The  second  reason  for  the  popularity  of  -storage 
batteries  on  automobiles  is  the  adaptability  of  the 
electric  system  to  wide  variations  in  operating  con- 
ditions involving  speed,  temperature,  proportion  of 
idle  time  to  operating  time,  number  of  stops  and  many 
other  variables.  Consideration  of  Mr.  Oetting's  ar- 
ticle in  this  issue  of  the  Journal  makes  it  evident 
that  the  same  starting  equipment  operated  frequently 
at  night  by  a  doctor  in  Duluth  in  the  dead  of  winter, 
and  on  the  other  hand  operated  by  a  racing  driver 
between  San  Francisco  and  Los  Angeles  on  a  hot 
summer  day  might  naturally  be  expected  to  perform 
somewhat  dififerently,  and  yet  such  is  the  adaptability 
and  the  flexibility  of  the  entire  electric  system  that 
not  one  but  many  builders  of  motor  cars  can  take 
care  of  just  such  widely  varying  requirements. 

Two  of  the  writer's  feminine  friends,  who  drive 
their  own  cars,  were  recently  comparing  notes.  One 
remarked  "I  don't  like  to  drive  very  well  in  cold 
weather.  Sometimes  I  get  in  the  car  and  step  on  that 
little  thing  and  it  won't  start."  Mr.  Oetting's  curves 
are  very  illuminating  as  to  the  battery  conditions  back 
of  the  "little  thing",  which  explains  its  apparent  aver- 
sion to  rolling  over  the  engine  in  mid-winter.  Probably 
no  other  part  of  an  automobile  will  repay  more  fully 
a  little  care  and  a  little  time  spent  in  understanding  it 
than  the  storage  battery  and  yet  hardly  a  part  is  so 
little  understood.  For  this  reason  Mr.  Oetting's  article 
is  heartily  endorsed  as  making  for  still  greater  popu- 
larity of  electricity  in  this,  one  of  its  newest  fields. 

A.  M.  Dudley 


The  war  has  shown  the  advantages 
Pooling  ^^  unified  operation  of  large  units  of 
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organization,  and  shown  them  so 
convincingly  that  it  is  hardly  prob- 
able that  we  shall  ever  return  to  the  old  order  of 
things.  This  is  being  exemplified  in  co-ordinated  op- 
eration of  various  utilities  of  necessities,  such  as  the 
railroad,  telephone  and  telegraph  systems.  In  the 
power  field,  systems  of  transmission  have  already 
grown  to  large  proportions  and  to  such  an  extent  that 
in  numerous  cases  they  are  serving  contiguous  terri- 
tory.    In  various  parts  of   the   country  there  has   al- 


ready been  considerable  linking  together  of  systems  of 
distribution  with  resultant  economies,  and  insurance  of 
service. 

One  of  the  outgrowths  of  the  recent  working  to- 
gether of  all  interests  in  a  common  cause  to  accom- 
plish a  definite  object  should  be  a  better  type  of  corpor- 
ate consciousness,  working  towards  the  best  inteiests 
of  the  nation  as  a  whole  rather  than  being  limited  nar- 
rowly to  the  interests  of  a  single  corporation.  If  mil- 
lions of  tons  of  coal  can  be  saved  to  the  nation  annual- 
ly by  taking  advantage  of  known  engineering  methods, 
there  should  be  some  way  of  bringing  about  such 
savings,  and  without  encountering  legal  interference. 
Last  month  at  the  Ohio  Electric  Light  Association 
Convention  the  statement  was  made  that  "Engineers 
owe  it  to  their  country  to  use  its  power  producing 
equipment  in  such  a  way  that  the  greatest  amount  of 
power  will  be  generated  at  the  lowest  possible  cost." 
From  the  engineering  and  economic  standpoints,  there 
is  no  question  but  that  neighboring  power  systems 
should  be  interconnected  and  the  small  or  inefficient 
stations  eliminated.  In  some  cases,  such  paralled  op- 
eration may  have  to  wait  suitable  legislative  action. 
However,  as  President  Theodore  N.  Vail,  of  the  Bell 
system  says  in  his  annual  report  just  issued,  "Initiation 
is  in  the  province  of  operation.  Initiation  must  come 
from  familiarity,  continuous  intimate  association  with 
an  observation  of  operation."  The  Bell  system,  with 
its  23  000  000  miles  of  wire  system,  furnishes  an  ex- 
ample of  interconnection  that  will  probably  never  be 
equalled  by  any  power  system.  Undoubtedly  the  solu- 
tion of  the  problems  incident  to  the  generation  and 
distribution  of  power  should  be  worked  out  by  the 
electrical  industry  itself  without  waiting  for  outside 
assistance  or  interference.  Steps  should  be  taken  to- 
wards making  the  legal  solution  agree  as  far  as  possi- 
ble with  the  engineering  solution. 

The  present  seems  to  be  an  unusually  opportune 
time  for  the  electrical  industry  to  show  its  power  of 
initiation  by  analyzing  its  problems  and  determining 
the  possible  improvements  in  operating  conditions, 
along  with  the  obstacles,  legal,  financial  or  otherwise, 
which  interfere  with  the  immediate  realization  of  the 
solutions  which  would  be  in  the  interest  of  national 
economy.  Some  progress  apparently  is  being  made 
looking  towards  the  making  possible  of  further  hy- 
droelectric developments.  But  the  whole  power  prob- 
lem should  be  studied  and  worked  out  along  lines  of 
broad  national  policy.  It  would  seem  that  this  gen- 
eral subject  is  one  to  which  the  National  Electric  Light 
Association,  which  meets  in  annual  convention  next 
month,  can  well  devote  special  attention.  It  might  go 
even  a  step  further  and  establish  a  code  of  ethics  for 
its  members  as  a  society  whose  first  aim  is  to  live 
up  to  its  name  as  a  national  society — one  which  works 
for  the  best  interests  of  the  nation. 

A.  H.  McIntire 
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Vice-President, 

Westinghouse  Electric  &   Mfg.   Company 


DEVELOPMENTS  in  electric  generating  ma- 
chinery, and  the  increasing  ciemands  for  ap- 
paratus for  the  generation,  distribution  and 
utilization  of  electric  current  have  lead  to  an  unpre- 
cented  increase  in  the  building  of  steam  turbines,  con- 
densers and  auxiliaries.  Close  relations  have  always 
existed  between  the  Westinghouse  Electric  &  Mfg. 
Company  and  The  Westinghouse  Machine  Company  in 
the  production  of  prime-mover  apparatus  for  the  gen- 
eration of  electric  current  and  general  power  purposes, 
and  the  increasing  demand  for  units  which  v/ere  a 
product  of  both  companies  lead  to  their  consolidation. 
The  development  and  introduction  of  geared  tur- 
bine and  auxiliary  machinery  of  appropriate  propor- 
tions for  ships  of  any  character  was  undertaken  some 
ten  years  ago  by  The  Westiiighouse  Machine  Company 
on  a  large  scale,  and  through  the  foresight  and  courage 
of  the  late  Mr.  George  Westinghouse,  the  construction 


probably  large   future  shop  requirements  of  the  Com- 
pany. 

Inasmuch  as  a  new  industrial  development  seemed 
necessary,  and  the  character  of  the  equipment  which 
would  be  manufactured  was  quite  well  determined,  th; 
writer  was  detailed  to  prepare  a  general  plan  for  a 
plant  adequate  to  meet  the  immediate  needs  of  the 
Company's  business,  as  well  as  to  provide  for  large 
future  extensions,  and  to  ascertain  the  most  desirable 
location  for  such  plant  construction.  This  work  was 
undertaken  in  the  stTmmer  of  1916.  In  the  acquisition 
of  the  property  for  the  new  plant,  the  need  of  ampie 
ground  space  was  recognized,  and  the  general  layout 
of  the  new  shops  was  made  to  take  care  of  the  difficulty 
which  fifteen  years'  growth  at  East  Pittsburgh  had 
made  quite  apparent.  Also  the  character  of  the 
products  to  be  manufactured  in  the  new  plant  made 
imperative  an  adequate  and  good  water  supply. 
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of  successful  geared-turbine  units  of  large  power  for 
ship  propulsion  increased  enormously  the  demand  for 
steam  turbines,  reduction  gears  and  condensers.  Mo/e 
recently  electricity  has  been  applied  to  the  propulsion 
of  ships  by  means  of  turbogenerators  and  motors. 
These  developments,  as  well  as  the  general  expansion 
of  the  electrical  business,  have  made  necessary  large 
expansions  of  the  productive  capacity  of  the  Machine 
Works  of  the  Westinghouse  Electric  &  Mfg.  Company. 
The  expansion  and  growth  of  the  East  Pittsburg'.i 
shops  has  shown  the  necesity  of  more  room  in  the  hand 
ling  of  materials  and  manufacturing  operations.  A  re- 
view of  the  congested  conditions  that  confronted  the 
Company  in  its  East  Pittsburgh  manufacturing  plants, 
which  covers  approximately  53  acres,  indicated  that  no 
large  plant  extensions  could  be  made  at  East  Pittsburgh, 
primarily  because  no  desirable  land  for  manufacturing 
purposes  is  available  there,  and  secondarily  because, 
with  the  employment  of  some  25  000  men  at  the  East 
Pittsburgh  Works,  it  was  considered  more  practicable 
\o  institute  a  new  industrial  center  to  take  care  of  the 


The  property  at  South  Philadelphia  was  located 
after  a  thorough  investigation  of  many  sites  in  different 
parts  of  the  eastern  states,  it  being  considered  important 
that  the  site  should  be  selected  with  a  view  to  a  centra- 
lized location  of  the  activities  to  which  the  apparatus 
to  be  manufactured  was  to  be  applied,  as  well  as  to 
the  problems  of  operation  and  the  employment  of  labor 
necessary  in  the  future  manufacturing  operations  of 
the  new  plant.  These  investigations  finally  led  to  the 
acquisition  of  some  500  acres  of  land  on  the  Delaware 
I'iiver  about  nine  miles  south  of  Broad  Street  Station, 
Philadeli)hia.  With  the  acquisition  of  the  property  in 
the  latter  part  of  1916,  the  general  layout  was  worked 
up,  and  the  construction  of  the  initial  plant  was  author- 
ized in  January  1917. 

LOCATION    OF    SOUTH    PmLADlXPIIIA    WORKS 

The  general  location  of  the  property  acquired  foe 
the  construction  of  the  new  works  at  South  Ph'ladel- 
])hia  is  shown  in  Fig.  2.  The  detail  map.  Fig.  3  in- 
dicates the  extent  of  the  property  holdings,  and  Fig.  4, 
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the  layout  of  the  first  development  of  the  new  plan;. 
The  property  is  reached  by  the  double-track  trolley 
service  of  the  Chester  Short  Line  of  the  Philadelphia 
Rapid  Transit  Company,  from  either  the  subway  at 
Broad  Street  Station,  Philadelphia,  on  the  northeast,  or 
from  Chester  on  the  southwest.  There  is  a  frontage 
of  over  4500  feet  on  the  Delaware  River,  which  has 
been  reserved  for  future  industrial  development,  while 
the  present  construction  has  been  limited  to  the  higher 
ground  lying  between  the  Reading  Railroad  to  the  north 
and  the  new  line  of  the  Pennsylvania  Railroad  to  tho. 
south,  as  indicated  in  Fig.  3.  The  location  insures  an 
adequate  supply  of  fresh  water  from  the  Delaware 
River  for  the  operation  of  the  power  house  and  the 
testing  of  steam  turbines  after  their  manufacture,  and 
also  the  necessary  service  water  supply  for  the  com- 
prehensive plant  as  planned. 

The  property  north  of  the  Philadelphia  &  Readin  ^ 
Railroad  and  the  Chester  Short  Line  has  been  reserved 


qucntly  the  main  channel  of  the  Delaware  River  to  the 
Atlantic  Ocean.  An  independent  trolley  line  gives  ser- 
vice from  the  cross-town  lines  of  Philadelphia  to  the 
Island  Road  south  of  the  present  plan  of  shop  develop- 
ment. The  property  in  general  is  thus  served  by  the 
Philadelphia  and  Chester  Short  line  of  the  Philadelphia 
Rapid  Transit  Company  and  the  Reading  Railroad  to 
the  north  and  the  Pennsylvania  Railroad  to  the  south 
and  west,  as  well  as  deep  water  service  from  the  Dela- 
ware river  frontage  to  the  south  and  Darby  Creek  to 
the  north.  Although  the  river  has  a  tide  of  approxi- 
mately five  feet,  the  water  in  the  Delaware  River  at 
this  plant  is  not  brackish,  as  no  salt  water  is  apparent 
at  any  time  north-east  of  Chester. 

LABOR   CONDITIONS 

The  previous  development  of  the  Baldwin  Loco- 
motive Works  at  Eddystone,  supplemented  by  the  Eddy- 
stone  Munitions  Corporation  and  the  Remington  Arms 
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FIG.    2 — MAP    OF    PHILADELPHIA    DISTRICT 

Showing  the  location  of  the  plant. 

for  a  town  site  development.  This  land,  as  well  as 
the  property  on  which  the  tirst  shop  buildings  have 
been  erected,  has  the  highest  elevation  of  any  land  lying 
south  of  Darby  Creek  and  east  of  the  Reading  Rail- 
road, and  has  been  found  suitable  for  heavy  founda- 
tions without  piling,  an  important  consideration  in  th-i 
construction  of  the  heavy  shops  contemplated  in  the 
first  development  plans. 

The  town  site  on  the  high  ground  north  of  the 
Reading  Railroad  will,  when  fully  developed,  take  care 
of  approximately  5000  people,  leaving  for  future  ex- 
tensions of  the  plant  not  only  those  shops  which  are 
provided  for  in  Fig.  4,  indicated  in  dotted  lines,  but 
also  the  property  lying  south  of  the  Pennsylvania  Rail- 
road to  the  Delaware  River  front  and  that  portion  of 
the  property  to  the  north  of  the  town  site  bordering  on 
I)arby  Creek,  both  of  which  latter  tracts  are,  with  suit- 
able   improvements,    open    to   deep    water,    and    conse- 


FIG.    3 — M.\P  OF  THE  COMPANY  S   PROPERTY  AT 
SOUTH     PHn.ADELPHIA 

Company,  has  indicated  the  suitability  of  this  section 
for  transportation  and  general  adaptability  to  the  secur- 
ing of  adequate  labor  demanded  by  large  industrial  es- 
tablishments. 

It  had  been  considered  that  no  housing  development 
would  be  necessary  at  the  new  plant  of  the  Company 
because  Philadelphia  offers  a  splendid  labor  market  for 
workmen  of  the  type  to  be  employed  at  the  new  plant, 
and  the  transportation  facilities  seemed  adequate  to  in- 
sure suitable  conditions  for  the  movement  of  labor  from 
Philadelphia,  Chester  and  the  suburbs  lying  between 
these  two  centers  to  the  north  of  the  property.  During 
the  construction  of  the  plant,  however,  through  the 
urgent  need  for  shipbuilding,  the  American  Inter- 
national Corporation  located  a  large  shipyard  ^t  Hog 
Island  to  provide  ships  for  the  Emergency  Fleet  Cor- 
poration. On  account  of  its  magnitude,  this  project 
has  necessitated  the  employment  of  thousands  of  men. 


ii6 


THE  ELECTRIC  JOURNAL 


which  was  not  contemplated  in  the  considerafion  of 
transportation  of  labor  to  the  new  plant  of  the  Com- 
pany ;  and  while  the  latter  part  of  the  construction  and 
the  initial  operation  of  the  plant  were  considerably  in- 
terfered  with    on    this   account,   provisions   have   been 


FIG.   4 — PLAN   OF   PLANT 

The  shaded  areas   represent  completed  buildings,  and  the 
dotted  lines  indicate  future  extensions. 

made  to  provide  suitable  relief  from  this  congestion, 
and  to  take  care  of  the  requirements  at  both  plants. 
The  Philadelphia  &  Reading  Railroad  now  has  double 
track  service  between  Philadelphia  and  Chester,  and  the 
Pennsylvania  Railroad,  through  its  initial  extension  to 
Essington  before  the  Hog  Island  plant  was  contem- 
plated, has  also  constructed  a  double  track  line  to  serve 
both  of  these  plants.  With  these  improvements  in 
transportation  facilities,  largely  constructed  for  freight 
purposes,  the  movement  of  materials  in  and  out  of  the 
plant  is  adequately  taken  care  of,  and  the  transportation 
of  labor,  both  by  rail  and  trolley,  has  been  bettered  with 
improvements  in  the  double-track  trolley  service  to  the 
Chester  Short  Line  and  the  contemplated  improvements 
of  the  trolley  service  on  the  Island  Road.     The  new 


A  careful  study  was  made  of  the  general  plant  arrange- 
ments, both  for  immediate  needs  and  future  extensions 
which  comprehended  primarily  the  operations  of  the 
plant  in  the  construction  of  heavy  and  light  machinery 
of  a  known  type.  The  shop  appliances,  crane  capaci- 
ties, heights  of  cranes,  runways  and  general  dimensions 
of  the  shops  proper  were  arrived  at  from  the  experienc? 
secured  in  the  operation  of  the  East  Pittsburgh  plan', 
and  the  departments  of  the  plant  were  decided  on  from 
the  nature  of  the  product  to  be  manufactured.  The 
buildings  to  be  provided  therefore  comprised  a  pattern 
shop  with  suitable  pattern  storage,  an  iron  foundry 
capable  of  handling  large  and  small  castings,  a  power 
plant  for  the  generation  of  power  and  steam  for  test- 
ing purposes,  a  forge  shop  to  provide  suitable  forgings 
for  the  character  of  the  work  to  be  undertaken,  a  ma- 
chine shop  and  an  erecting  shop,  as  well  as  suitable 
facilities  for  offices,  the  storage  of  materials  and  pro- 
vision for  the  clerical  force  necessary  in  the  operations. 
In  studying  the  general  shop  arrangements,  numer- 
ous schemes  for  the  buildings  were  laid  out  and  con- 
sidered, and  the  shop-plans  shown  in  Fig.  4  were  finally 
decided  on. 
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plant  is  therefore  admirably  located  with  reference  to 
transportation  facilities  for  handling  both  the  employees 
and  the  freight  and  express  service  which  is  necessary 
to  the  plant  operations. 

PLANT    LAYOUT 

The  character  of  the  apparatus  to  be  manufactured 
at  the  new  plant  was  quite  well  established  at  the  time 
the  work  of  making  the  initial  plans  was  undertaken. 


FIG.   6 — VIEW    OF   THE   TOP    FLOOR   OF   THE    PATTERN    BUILDING 

AH  the  machines  on  this  floor  are  individually  driven,  there 
being  no  exposed  overhead  belts  or  wiring.  All  the  machines 
have  pneumatic  dust  and  shaving  extractor  connections.  Ample 
daylight  illumination  is  provided  by  the  sawtooth  roof  con- 
struction, as  well  as  the  side  windows.  In  this  as  well  as  in 
all  the  other  buildings,  artificial  lighting  with  units  of  the  most 
modern  type  is  provided  for  overtime  or  night  work. 

The  arrangement  of  the  buildings  is  unique  and 
.particularly  suitable  for  the  handling  of  materials  in 
and  out  of  each  shop  and  storage  space  with  standard 
gage  railroad  tracks.  The  machine  shops  communicate 
directly  into  the  erecting  shop,  an  arrangement  which 
is  similar  to  other  large  plants,  but  is  unique  in  the 
angle  at  which  the  respective  shops  are  placed  to  each 
other.  Too  often  in  the  layout  of  large  industrial 
plants,  insufficient  consideration  is  given  to  the  vard 
tracks  and,  when  too  late,  it  is  discovered  that  the  cur- 
vature necessary  in  yard  trackage  is  too  short  for  the 
handling  of  cars  and  locomotives  without  continual  dif- 
ficulty and  high  maintenance  cost.  The  45-degree  angle 
gives  easy  curvature  from  the  main  leads,  running  be- 
tween the  Reading  and  Pennsylvania  Railroads,  into 
the  shop  buildings  and  yards,  and  access  can  be  had  to 
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FIG.    7 — ELEVATION      OF      PAT- 
TERN    STORAGE    BUILDING 


any  of  the  various  shop  buildings  proposed.  Another 
important  feature  of  the  45-degree  connection  between 
the  erecting  and  machine  shops  is  the  fact  that  free 
access  is  given  from  the  machine  shops  into  the  erecting 
shop  both  on  the  ground  floor  and  balconies,  and  at  the 
same  time  the  triangular  space  created  by  the  joining 
of  the  machine  shops  to  the  erecting  shop,  gives  space 
for  offices,  heating  fans  and  handy  storage  of  materials 
used  in  manufacturing  op- 
erations. In  each  of  these 
triangles  there  is  provided 
a  four-story  building  con- 
sisting of  ground  and  bal- 
cony floors,  a  mezzanine 
floor  between,  and  a  floor 
above  the  balcony  level, 
each  triangle  being  served 
by  stairways  and  eleva- 
tors, and  providing  space  for  offices,  toilets  and  storage. 
In  addition,  each  machine  shop  has  three  service  bays 
for  toilet  facilities  and  for  the  heating  apparatus.  Par- 
ticular attention  has  been  paid  in  the  construction  of  the 
plant  to  the  comfort  of  the  employees,  the  facilities  pro- 
vided being  of  the  best  type  and  most  conviently  ar- 
ranged. 

BUILDINGS 

A  cross-section  of  the  pattern  shop  and  pattern 
storage  building  is  shown  in  Fig.  7.  This  is  constructed 
of  reinforced  concrete  and  tile  with  steel  roof  trusses 
throughout.  The  floors  are  of  reinforced  concrete. 
The  present  building  is  400  feet  long.  The  pattern  shop 
comprises  the  south-east  half  of  the  top  floor,  is  splend- 
idly lighted,  is  equipped  with  the  most  modern  tools, 
and  the  very  best  facilities  are  provided  for  the  comfort 
of  the  workmen.     The  north-west  portion  of  the  top 


is  served  by  trackage  both  inside  and  outside  the  build- 
ing. 

The  pattern  shop  is  served  by  a  freight  elevator 
20- feet  square  and  able  consequently  to  handle  the 
largest  patterns  from  the  pattern  shop  or  storage  space 
to  the  foundry  floor.  A  second  freight  elevator  about 
eight  by  eight  feet,  and  a  passenger  elevator  for  the  of- 
fice space  completes  the  elevator  equipment.     The  build- 


FIG.    9 — ELEVATION    OF   FOUNDRY 

ing  is  served  at  two  ends  with  ample  stairways,  and  a 
stairway  is  also  provided  around  the  passenger  elevator 
in  the  center  of  the  building  on  the  north-east  side. 
The  lighting  and  ventilation  of  the  top  floor  is  most  ex- 
cellent, both  for  the  pattern  shop  and  for  the  offices  and 
drafting  room. 

FOUNDRY 

Fig.  9  shows  a  typical  cross-section  of  the  foundry 
looking  northwest.  This  building  is  of  steel  construc- 
tion with  one  main  bay  having  an  80  foot  crane  span 
carrying  60  and  100  ton  cranes  with  three  five  ton  jib 
cranes  on  each  side.  In  the  center  of  the  foundry  are 
three  cupolas  with  suitable  charging  floor,  blower  equip- 
ment, elevators,  etc.  Three  air  furnaces  are  provided 
on  the  ground  floor  in  the  50  foot  side  bay  adjacent  to 
the  cupolas. 

The  melting  department  is  located  in  the  center  of 
the  south-west  side  bay,  allowing  a  space  at  either  end 


FIG.    8 — GENERAL 

floor  is  devoted  to  the  general  office  work.  The  other 
three  floors  are  provided  for  pattern  storage,  a  portion 
of  the  first  floor  being  taken  for  the  construction  and  re- 
pair of  foundry  equipment.  The  basement  is  utilized 
for  the  storage  and  mixing  of  sand  for  the  foundry. 
Communication  between  this  portion  of  the  pattern  stor- 
age building  and  the  foundry  is  obtained  by  large  tunnels 
for  the  handling  of  the  sand  from  the  storage  basement 
into  the  different  bays  of  the  foundry.  This  feature  is 
a  most  important  and  convenient  one,  and  provides  large 
storage  capacity  and  excellent  facilities  for  handling 
foundry  sand  and  overcomes  difficulties  incident  to  the 
usual  method  of  handling  this  material.     This  basement 


VIEW    OF    FOUNDRY 

of  this  bay,  served  by  20  ton  cranes,  for  medium  size 
castings.  The  50  foot  side  bay  to  the  northwest  of  the; 
foundry  is  served  bv  20-ton  cranes  and  is  utilized  for 
core  making  and  brass  work.  The  core  ovens  are 
housed  in  an  additional  bay,  which  also  provides  for  a 
foundry  store  room,  blacksmith  shop,  metallursrist's 
quarters  with  chemical  laboratory,  testing  machines, 
etc.,  and  offices  for  the  supervisory  force.  At  the 
north-west  end  of  the  foundry  suitable  grinding,  clean- 
ing and  sand  blast  rooms  are  provided  for  both  brass 
and  iron  with  adequate  dust  collecting  appliances. 
Track  scales  are  provided  at  each  end  of  the  foundrs 
for  weighing  out  the  finished  castings,  and  the  gener.vl 
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equipment  of  the  foundry  with  respect  to  molding  pits, 
etc.  is  of  the  most  modern  type.  This  building  is  650 
feet  long,  and  at  the  south-west  side  of  the  foundry  a 
100  foot  span  with  a  60  ton  crane  runway  is  provided 
for  flasks  and  foundry  materials. 

POWER  HOUSE  AND  FORGE  SHOP 

A  cross-section  of  the  power  house  and  forge  shoD 
is  shown  in  Fig.  10.     Tlic  power  house  is  equipped  with 


FIG.    10 — ELEVATION    OF    POWER    HOUSE   AND    FORCE    SHOP 

six  600  h.p.  Sterling  boilers  and  three  1500  kw  non- 
condensing  turbogenerators,  with  switchboard,  lightning 
arresters,  etc.  All  of  the  buildings  are  connected  bv 
large  concrete  underground  tunnels  in  which  the  heat- 
ing, steam,  water,  air  and  service  piping  are  carried. 
Provision  is  made  in  the  power  house  for  the  handling 
of  coal  to  the  coal  bunkers  from  suitable  pits  below  the 
surface  tracks;  also  provision  is  made  for  the  handling 
of  the  ashes  from  the  stokers  into  suitable  overhead 
ash  bins  which  discharge  their  contents  directly  into 
cars  placed  outside  of  the  power  house.* 

In  Fig.  10  the  forge  shop  is  also  shown.  The 
cranes  in  the  forge  shop  and  in  the  side  bays  of  the 
foundry  are  interchangeable.     The  forge  shop  is  pro- 


handled  on  the  overhead  runway  directly  from  the 
power  house  coal  bunkers.  Stiitable  bolt  heading,  forg- 
ing and  tool  dressing  equipment  is  provided,  together 
with  adequate  sanitary  provisions  for  the  care  and  com- 
fort of  the  workmen.  The  forge  shop  as  at  present 
constructed  is  350  feet  long. 

MACHINE  SHOPS 

The  two  machine  shops  now  built  are  made  right 
and  left  hand,  are  750  feet  in  length  and  each  com- 
prises an  80-foot  main  bay,  a  40-foot  side  bay,  and  a 
40-foot  balcony  with  three  service  bays  to  each  shop 
for  housing  heating  equipment,  toilets,  locker  rooms, 
elevators,  etc.  An  80  foot  crane  runway  is  provided  be- 
tween the  machine  shops  for  the  storage  and  handling 
of  materials.  Fig.  14  shows  a  typical  cross-section  of 
the  two  machine  shops.  The  main  bays  are  served  by 
30  and  50  ton  cranes,  and  the  side  bays  by  6,  10  and  20 
ton  cranes,  and  the  balconies  with  3  ton  cranes.  Owing 
to  the  construction  of  the  shops,  the  very  best  lighting 
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vided  with  one  1000  ton  steam-hydraulic  press  and  one 

^^59   ton    steam-hydraulic   press.     There   is   a    1500   lb. 

^HSfflifner,    four  heating   furnaces,    (two  large  and   two 

''^Wfj'^two    annealing    furnaces,    and    suitable    hand 

^fWrgeS,  CtPs^e  hardening  equipment  and  tool  dressing  ap- 

"PlraiJc^'^T^he    heating    and    annealing    furnaces    are 

'i^yvea'By  fi8t-blast  gas  producers,  the  coal  for  which  is 
.>-j3niiilqqB    gnxJo 

7  jbn&©ft?ife  r^gafcjH'ig  the  electrical  equipment,  the  method  of 
,  distributiriK  the  current,  and  the  power  and  hghting  equipment 
'■aT^flfKeaf4^i'ifiV^a;^rt^\'  liy  Mr.  Graham  Bright  in  this  issue. 


Shown  forging  a  shaft.  The  motor-driven  turning  rig 
just  in  front  of  the  press  is  spring  supported  from  an  over- 
head crane. 

eiifects  are  obtainable  throughout,  and  for  light  work 
the  balconies  afford  most  excellent  manufacturing  space. 
The  height  of  these  balconies  is  a  feature  well  worth 
noting.  The  side  bays  were  extended  to  the  he'ght  of 
the  main  bay  roof  trusses  for  building  strength  and 
lighting  arrangement. 

The  buildings  are  constructed  of  steel,  tile  and  glass 
with  concrete  main  floors  paved  with  asphaltum  block, 
the  balconies  being  reinforced  concrete  with  a  coating 
of  asphaltum  material.  Both  the  main  side  bays  and 
balconies  of  the  machine  shops  communicate  directlv 
with  similar  floors  in  the  erecting  shop,  the  triangles 
being  utilized  as  previously  described. 

ERIXTING   SHOP 

In  I'"ig.  15  a  typical  cross-section  of  the  erection 
shoj)  is  .shown.  This  is  identical  in  crane  appliances, 
height,  etc.  with  the  machine  shops.  To  the  southwest 
of  the  erecting  shop  an  80  foot  crane  runway  of  ^o  tons 
capacity  is  provided.     All  cranes  in  the  main  bays  of 
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the  foundry,  machine  and  erecting  shops  are  inter- 
changeable, as  well  as  the  crane  runways  between  the 
machine  shops  and  adjacent  to  the  erecting  shop.  The 
cranes  in  the  side  bays  of  the  foundry  and  forge  shop 
are  interchangeable.  The  crane  runway  to  the  south- 
west of  the  foundr)-  is  100  foot  span.  In  addition  to  the 
overhead  cranes  in  the  erecting  shop,  there  are  also 
provided  tliree  5  ton  jib  cranes.  The  erecting  shop  is 
approximately  550  feet  long 


Two  dispensaries,  which  are  really  minature  hos- 
pitals, are  maintained  at  locations  within  easy  reach  of 
the  men.  Trained  nurses,  who  take  complete  care  of 
all  minor  cases  and  give  first-aid  attention  when  seriou-'. 
accidents  occur,  are  always  in  attendance,  and  a  physi- 
cian visits  the  plant  each  day  and  is  ready  to  answer 
emergency  calls  at  any  time.  Arrangernents  are  made 
with  a  local  hospital  for  rapid  ambulance  service  and 
the  treatment  of  both  surgical  and  medical  ca.ses.     All 


Adequate  provisions  are  made  for  the  testing  of 
.•^team  turbines  of  various  capacity,  as  well  as  the  test- 
ing of  condensers  and  pumps.  The  erecting  shop  is  also 
])rovided  with  facilities  for  erecting  and  testing  reduc- 
tion gears. 

SAFETY  FEATURES 

Every  safeguard  that  modern  engineering  can  sug- 
gest, has  been  utilized  to  prevent  accidents  and  protect 
the  workmen.  Among  the  more  important  safety  meas- 
ures, are  the  following : — 

The  department  of  safety  engineering  forms  an  im- 
portant division  of  the  shop  organization.  This  depart 
ment  not  only  studies  the  subject  of  safety,  but  supplies 
safety  appliances  wherever  necessary.  As  there  is  not 
a  line  shaft  or  an  exposed  belt  in  the  plant,  a  most  seri- 
ous hazard  found  in  many  plants  does  not  exist. 
Where  belts  and  gears  are  necessary,  they  are  protected 
by  guards  as  shown  in  Fig.  19.  There  are  no  exposed 
electrical  contacts  that  can  be  reached  by  the  ordinary 
workmen.  Enclosed  switches  and  pushbutton  control- 
lers are  used  in  connection  with  the  motors ;  all  light- 


\\     HI-     MACHINE    SHOPS 

workmen  are  instructed  and  urged  to  report  to  the  dis- 
pensaries even  for  the  most  trivial  accidents  and  ills. 

Special  attention  has  also  been  given  to  fire  preven- 
tion. All  the  buildings  are  absolutely  fireproof.  Those 
of  more  than  one  story  have  several  fire  towers ;  and 
store  rooms  are  divided  by  fire  walls  with  automatically 
closing  fire  doors.  A  complete  sprinkler  system  is  in- 
stalled, supplemented  by  nuinerous  chemical  extin- 
guishers. A  fire  crew,  in  charge  of  a  fire  marshall, 
holds  regular  weekly  drills  and  is  especially  trained  in 
the  method  of  handling  fires. 

HEATING  AND  VENTILATION 

The  machine  shops,  erecting  shop,  and  foundry 
are  heated  and  ventilated  in  winter  by  the  indirect 
blower  system.  Each  shop  is  equipped  with  two  large 
steel  blowers,  which  supply  heated  air  and  have  suffi- 
cient capacity  to  change  all  the  air  in  the  shop  once  an 
hour.  The  air  can  be  taken  directly  from  the  outside 
or  (except  in  the  case  of  the  foundry)  in  extremely 
severe  weather  the  warm  air  inside  the  shops  can  be 


FIG.    14 — ELEV.\TION    OF    MACHINE   SHOPS 

ing  panels  are  of  the  safety  type ;  and  all  resistors  and 
other  usually  unprotected  electrical  parts  are  enclosed 
with  wire  screens.  The  chains  of  all  cranes  are  regu- 
larly inspected  and  links  or  other  parts  showing  the 
slightest  defect  are  replaced  immediately.  Circular 
saws,  grinding  wheels,  etc.  are  provided  with  guards 
Guard  rails  .surround  all  furnaces  and  moulding  pits. 
All  chippers  in  the  foundry  are  compelled  to  wear 
goggles. 


FIG.    15 — ELEVATION   OF  ERECTING   SHOP 

recirculated.  For  the  foundiy,  outside  air  is  always 
used  because  of  the  smoke  and  fumes  incident  to  the 
operations. 

Inside  offices  and  toilets  are  ventilated  by  means 
of  exhaust  fans  which  change  the  air  every  ten  or  fif- 
teen minutes.  All  the  offices  are  heated  by  steam  radi- 
ators, as  are  also  the  toilets  in  the  shops,  so  as  to  prevent 
the  freezing  of  the  water  pipes  in  case  the  blower  sys- 
tem should  be  shut  down. 
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WATER  SUPPLY  AND  SEWERS 


The  water  supply  for  the  plant  is  provided  from 
the  Delaware  River  at  the  extreme  south-west  line  of 
the  property.  Two  seven  foot  tunnels  lead  to  the  erect- 
ing shop,  a  connection  being  carried  from  these  tunnels 


posal  plant  has  also  been  provided  near  Darby  Creek 
on  the  northern  part  of  the  property.  This  plant  is  not 
only  adequate  for  taking  care  of  the  present  shops,  but 
by  provision  for  extensions  will  serve  the  complete 
future  extensions  of  the  plant  proper,  as  well  as  the 


FIG.    l6 — INTERIOR    OF    MACHINE    SHOP    NO.    I 

These  shops  are  entirely  free  from  exposed  belts,  or  over- 
head wiring,  all  of  the  machines  being  eqnippcd  for  individnal 
motor  drives.  The  shafting  for  merchant  vessels  shown  in  the 
foreground  is  forged  and  turned  at  the  works.  A  group  of 
surface  condensers  for  merchant  vessels  is  shown  at  the  right. 

to  the  power  house  with  30  inch  concrete  piping.  A 
forebay  or  basin  is  provided  for  settling  the  mud  and 
silt  in  the  intake  tunnel  near  the  Island  Road.  These 
seven  foot  tunnels  pass  under  the  erecting  shop  to  the 
turbine  testing  floor  and  provide  an  adequate  supply  for 
any  testing  operations  which  may  be  carried  on  -n  this 
shop.  The  outlet  tunnel  also  serves  as  a  storm  sewer 
for  the  entire  property,  and  this  work  was  put  m  per 


FIG.    iS — ERECTING    DEI'AKT.MENT,    TURBINE    TEST    FLOOR 

town  site.  By  the  use  of  underground  conduits  and 
the  tunnel  system  on  the  plant  proper,  no  wires,  pipes 
or  other  obstructions  are  above  ground.  The  property 
has  been  graded  to  an  elevation  of  16  feet  above  high 
water,  and  the  work  done  in  the  initial  installation  has 
been  entirely  of  a  permanent  character  to  take  care  of 
the  complete  layout. 

CONSTRUCTION    WORK 

In  order  to  carry  on  the  construction  of  this  work 
after  the  location  of  the  property  had  been  detennined 
and    the   preliminary   plans   arranged,   a    coii'^-r''-*^    -vas 


FIG.    17 — INTERIOR    OF    MACHINE    SHOP    NO.    2 

The  horizontal  boring  machines  in  the  foreground,  which 
are  boring  turbine  casings,  arc  all  individually  motor-driven. 
The  gear  hohbing  machines  for  the  turbine  reduction  gears 
can  be  seen  in  the  background.  A  noteworthy  feature  of  these 
machine  shops  is  the  special  provision  for  securing  ample  day- 
light. 

manently  to  take  care  of  the  complete  plant  develop- 
ment. Suitable  sanitary  sewers  are  also  provided  look- 
ing to  the  complete  future  extensions,  and  a  sewage  dis- 


FK;.    ig — METHOD    OF    S.AFEGUARDING    LATHE    GEARS 

The  lathes  are  individually  operated  with  push-butlon 
controllers.  The  controller,  shown  in  the  foreground,  is  en- 
closed in  a  rrictal  box  with  expanded  metal  door.  All  gears 
throughout   the   entire   works   are   enclosed  as   shown   above. 

made  with  Westinghouse,  Church,  Kerr  &  Company  to 
construct  the  plant.  The  preliminary  plans  were  turned 
over  to  this  Company,  and  the  method  of  handling  the 
construction,  authorized  by  Mr.  E.  M.  Herr,  tlic  Pres- 
ident of  the  Company,  was  arranged.  Mr.  Calvert 
Townlev,  assistant  to  the  president,  handled  all  busi- 
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nes  relations  with  W'estinghouse,  Church  Kerr  &  Com- 
pany. 

As  has  been  previously  stated,  all  of  the  machine 
tools  installed  in  the  plant  are  individual  motor  drive, 
are  new  and  of  the  most  modern  type.  The  initial 
plant  is  now  complete  and  in  operation.     The  general 

plans  were   at   ril!    tinier    ^nhif^rt    tn   :iilvir('   ;inil    critir-sm 


two,  four,  six,  and  eight.  All  are  of  the  highest  grade 
of  construction  and  are  built  mainly  of  brick,  with  some 
of  hollow  tile  and  stucco  for  variety,  but  none  of  frame. 
The  roofs  are  of  slate  and  the  cellars  are  concrete.  Ali 
the  houses  have  porches  in  front  and  gardens  in  the 
rear.  The  interior  furnishings  are  excellent,  and  in- 
clude nifxlern  kitchens,  bathrooms,  heating  equipment, 


FIG.    20 — ARCHITECTS    PERSPECTIVE   VIEW    OF   TOWN 


of  the  writer's  operating  staff  at  East  Pittsburgh  and 
Trafford,  as  well  as  the  engineering  staff  of  the  West- 
inghouse  Electric  &  Mfg.  Company  and  Westinghouse, 
Church,  Kerr  &  Company. 

THE  HOUSING  DEVELOPMENT 

The  community  of  houses  for  the  plant's  em- 
ployees, known  as  South  Philadelphia,  is  located  on  the 
Company's  property  north  of  the  plant  and  on  the  other 
side  of  the  Chester  Short  Line  trolley  tracks.  Work 
was  begun  on  this  development  in  the  summer  of  1918 
and  by  January  ist,  seventy-five  houses  were  completed 
and  several  hundred  more  were  well  under  way.  The 
streets  of  this  development  are  broad,  lined  with  trees, 


FIG.    22 — TYPICAL  GROUP  OF   HOUSES 

electric  lights,  high  grade  wall  paper  and  shades,  and 
other  aids  to  comfort  and  convenience.  Most  of  the 
houses  have  six  rooms,  but  some  are  smaller  or  larger. 
They  will  be  sold  or  rented  to  Westinghouse  employees 
only  and  are  subject  to  restrictions  that  will  always  keep 
the  community  a  desirable  residential  district. 

The  writer  has  given  only  a  general  outline  of  the 
plant ;  special  features  are  more  intimately  discussed  in 
articles  appearing  in  other  pages  of  the  journal.  In 
passing,  it  should  be  stated  that  the  entire  facilities  of 
these  new  works  now  are  engaged  in  the  construction  of 
marine  propelling  machinery  for  the  ships  being  built 
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FIG.    21 — ONE    OF    THE    STREETS    ON    THE    COMPANY  S    PROPERTY 


and  provided  with  a  dual  system  of  sewers.  In  the 
finished  plan  there  are  to  be  numerous  open  squares, 
and  play-grounds,  several  churches,  a  school,  a  row  of 
stores  and  over  a  thousand  residences. 

The  houses  are  built  on  sodded  terraces,  in  rows  of 


by  the  Submarine  Boat  Corporation  and  the  Merchant 
Shipbuilding  Corporation,  as  agents  for  the  Emergency 
Fleet  Corporation,  and  torpedo-boat  destroyer  mach- 
inery consisting  of  turbines  and  reduction  geirs  for 
the  United  States  Navv. 


Oscar  Otto, 
General  Superintendent 


FOR  the  time  being  the  entire  faciHti«s  of  the 
South  Philadelphia  Plant  are  being  devoted  to 
the  manufacture  of  marine  turbine  equipir.ent, 
consisting  of  turbines,  gears,  condensers  and  auxil-ary 
equipment,  for  driving  the  boats  of  the  Submarine  Boat 
Corporation  and  the  Merchant  Shipbuilding  Corpora- 
tion; both  being  agents  for  the  United  States  Emer- 
gency Fleet  Corporation.  While  these  two  equipments 
vary  considerably  in  their  details,  yet  in  general  it 
may  be  said  that  the  complete  organization  is  concen- 
trated on  the  manufacture  of  a  single  product.  Th^; 
propulsive   equipment    for  the  boats   of   the   Merchant 


the  right.  Fig.  3,  and  then  expanding  through  the  sev- 
eral rows  of  reaction  blading  shown  on  the  left  of  thr: 
impulse  element.  The  low  pressure  element  is  a 
straight  single-flow  turbine,  steam  entering  the  first  row 
of  blades  on  the  right.  Fig.  4,  and  expanding  through 
the  .several  rows  of  reaction  blading,  finally  reaching 
the  condenser. 

The  reduction  gears  driven  by  these  turbines  are 
of  the  two-pinion  double-reduction  type  illustrated  in 
Fig.  5.  In  this  case  the  reduction  is  approximately 
40  to  I.  To  the  large  flange  of  the  second  reduction 
gear  the  propeller  shaft  is  attached  with  the  propeller 


FIG.    I — HICH-l'RKSSURE    KLEME.NT    (Jf  I 

Shipbuilding  Corporation  consists  of  a  cross-compound 
turbine  driving  a  single  propeller  through  a  two-pinion 
double-reduction  gear,  while  for  the  Submarine  Boat 
Corporation,  the  turbines  are  of  the  complete  expansion 
type  driving  a  single  propeller  through  a  single  pinion 
double-reduction  gear. 

The  high  and  low  pressure  elements  of  the  turbines 
for  the  boats  of  the  Merchant  Shipbuilding  Corpora- 
tion are  shown  in  Figs,  i  and  2.  Both  the  high  pressure 
turbine  spindle  and  the  low  pressure  spindle.  Figs.  3 
and  4,  respectively,  are  of  the  single  flow  reversing 
type,  the  impulse  wheel  on  the  left  being  the  reversing 
element.  The  high  pressure  turbine  is  of  the  combina- 
tion type,  steam  first  entering  the  impulse  element  on 
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at  its  outer  end.  The.steam  after  leaving  the  low  pres- 
sure turbine  passes  to  the  condenser.  This  condenser 
is  of  the  usual  surface  type  and  is  equipped  with  .1 
LeBlanc  air  ejector  and  turbine-driven  circulating 
pump. 

The  vessels  built  by  the  Submarine  Boat  Corpora- 
lion  are  driven  by  a  single  complete  expansion  turbine 
having  a  reversing  element  similar  in  construction  to 
the  high  pressure  turbine  shown  in  Fig.  3.  The  re- 
duction gear  for  the  Submarine  Boat  Corporation  is  of 
the  single-pinion  double-reduction  type  having  the 
pinion  on  top.  The  condenser  equipment  of  these  ves- 
sels is  similar  to  that  of  the  Merchant  Shipbuilding  Cor- 
])orntion  previously  mentioned. 


THE   ELECTRIC  JOURNAL 


123 


THE  ORGANIZATION 

The  organization  by  which  the  manufacture  of  this 
product  is  to  be  effected  is  shown  in  diagrainatic  form 
by  the  following : 


Sup't.  Plant  Maintfiiimcc  Ucpartmciit 
New  Construction  Division 

Maintenance  of   Buildings  and  Grounds  Division 
Power  Plant  Operation  &  Maintenance  Division 
Fire  &  Police  Division 
Electrical  Maintenance  Division 


Vice-President 
Assistant  to  Vice-President 
General  Superintendent 

Sup't  Order  &  Supply  Department 
Stores  Division 
Order  Division 
Parcelling  Division 
Receiving  Division 


FIG.    3 — HIGH-rRESStTRE   ROTOR 

Sup't.  Pattern  &  Foundry  Department 

Pattern  Shop  Division 

Iron  Foundry  Division 

Brass  Foundry  Division 

Metallurgical  Division 
Sup't.  Forge  &  Machine  Department 

Forge  Shop  Division 

No.  I  Machine  Shop  Division 

No.  2  Machine  Shop  Division 
Sup't.  Erecting  &  Testing  Department — Turbine 

Erecting  Shop  Division 

Testing  Shop  Division 

Sheet  Metal  and  Pipe  Division 
Sup't.  Erecting  &  Testing  Department — Gears 

Erecting  Shop — Gear 

Testing  Shop — Gear 

Erecting  Shop — Condenser 

Testing  Shop — Condenser 
Sup't.  Tool  Maintenance  &  Equipment  Department 

Tool  Design  Division 

Tool  Room  Division 

Tool  Repair  Division 

Tool  Setting  Division 

Steam  Transportation  Division 

Janitor  Division 


the 
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Supervisor  of  Manufacturing  Operations 
Supervisor  of  Production 
Supervisor  of  Employment 
Supervisor  of  Inspection 
Purchasing  Agent 
Works  Accountant 

Cost  Division 
Payroll  Division 
Shop  Time  Keeping  Division 
Paymaster  &  Cashier 
Supervisor  of  Welfare 
Relief  Division 

Workmen  Compensation  Division 
General  Welfare  Division 
Supervisor  of  Education 
Chief  Engineer 

Engineer  Large  Turbine  Department 
Engineer  Small  Turbine  Department 
Engineer  Gear  Department   ' 
Engineer  Condenser  Department 
Consulting  Engineers 
Traffic  Manager  and  Shipper 
Photographer 

THE    MANUFACTURING    LAYOUT 

Since  the  product  which  is  to  be  manufactured 
South  Philadelphia  works  is  of  such  a  nature  as 


FIG.    4 — LOW-PRESSURE    ROTOR 

lend    itself    to    quantity    production,    the    machine    and 
erecting  shops  have  been  arranged  with   this   in   mind 
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in    order   to    secure    the   most    economical    production. 
The  plan  of  operation  is  as  follows : — 

The  castings,  forgings  and  purchased  material  are 
delivered  to  the  machine  shops  in  sufficient  quantities  to 
keep  the  various  machines  constantly  performing  the 


with  individual  motor  drive  and  where  deemed  nec- 
essary, with  quick  power  traverse. 

The  following  is  an  outline  of  the  proceedure  fol- 
lowed in  lining  up  the  operations  and  establishing  piece 
prices : — 

After  the  designs  are  made,  bills  of  material  to- 
gether with  blue  prints  covering  the  apparatus  to  be 


FIG.    5 — TWO  PINION   DOUBLE   REDUCTION   GEAR 

same  operation  until  the  lot  is  completed.  The  aim  is 
to  set  up  the  machine  tools  in  such  a  manner  that  the 
proper  sequence  of  operations  on  each  piece  can  be 
performed  with  the  least  amount  of  handling.  The 
shops  are  so  arranged  that  the  castings  and  other 
material  can  be  sent  either  directly  to  the  various  ma- 
chines or  can  be  stored  in  the  yard  between  the  machine 
shops.  From  here  the  rough  material  can  be  sent  to 
the   various    machines.     A    stnnd.Trd    gage    track    runs 


FIG.    I 

Containing  ihicc 
200  tons  per  day. 


;...    UF   FOUNDRY    MF.l.TINR   HFrAKTMF\T 

cupolas  of  a  combined  capacity  of  i8o  to 


through  each  building  and  a  number  of  electric  loco- 
motives with  trailers  haul  material  to  and  from  the 
several  departments. 

On  account  of  the  extreme  accuracy  required,  the 
machine  tools  are  the  best  obtainable  and  are  equipped 


FIG.    7 — CHARGING  FLOOR   FOR   CUPOLA   FURNACES 

The  cars  arc  brought  up  on  elevators,  and  by  means  of  a 
transfer  table  any  car  can  be  dumped  into  any  cupola. 

built  are  sent  to  the  scheduling  department  by  the  blue 
print  distributing  department.  A  print  of  all  drawings 
is  also  sent  to  the  jig  designing  department.  A  jig  com- 
mittee composed  of  a  representative  of  the  office  of  the 
director  of  manufacturing  operations  and  one  from  the 
office  of  the  superintendent  of  tools  and  fixtures  de- 
vise means  for  the  most  economical  manufacture  of 
each  piece.  Jigs  and  fixtures  are  then  provided  and 
the  scheduling  department  advised,  who  with  this  in- 
formation line  up  the  various  operations  in  detail,  re- 
cording them  on  "Master  operation  cards" 
showing  the  source  of  supply  and  the  depart- 
ments to  perform  the  various  operations.  The 
cards  are  then  turned  over  to  the  rate  depart- 
ment where  the  piece  price  is  either  estimated, 
established  from  previous  records  of  similar 
pieces  or  from  time  studies  of  the  actual  per- 
formance in  the  shop  and  the  price  entered  on 
the  "Master  operation  card."  The  cards  are 
then  returned  to  the  scheduling  department 
where  scheduling  or  order  sheets  are  made 
up  for  each  department  showing  only  such 
operations  as  are  to  be  performed  in  that  de- 
partment. 

THE   FOUNDRY 

The  melting  department  contains  three 
(  upolas.  Fig.  6,  having  a  combined  capacity  of 
i8o  to  200  tons  per  day.  The  charges  are 
made  up  in  the  yard  on  trucks,  delivered 
to  the  elevator  and  taken  to  the  charging  floor  where 
by  means  of  suitable  trackage  the  trucks  are  stored  till 
required.  When  charging,  the  loaded  trucks  may  be 
taken  to  any  of  the  cupolas  by  means  of  a  transfer 
truck. 
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The  large  cupolas  are  equipped  with  pneumatic 
charging  tables  Fig.  7,  by  which  the  truck,  having  been 
placed  on  the  charging  table,  is  discharged  by  the  tilting 
of  the  table  through  the  action  of  compressed  air.  Each 
cupola  is  equipped  with  an  individual  blower. 


The  foundry  is  equipped  with  large  concrete  cast- 
ing pits,  strictly  waterproof,  with  provisions  for  bolt- 
ing down  any  large  mold  by  means  of  large  stirrups 
running  from  top  to  bottom  and  girders  across  the  top. 
Castings  up  to  125  tons  may  be  made  and,  when  run- 
ning full,  the  capacity  will  be  in  the  neighborhood  of 
3-/4  to  4  million  pounds  per  month. 


FIG.  8 — CORE  SHOP 
Equipped  with  foundry  core  baking  ovens.  The  cars  are 
provided  with  a  cable  grip,  and  a  motor-operated  cable  pulls 
them  into  and  out  of  the  oven,  so  that  it  is  not  necessary  for 
an  attendant  to  enter  the  oven  at  any  time,  thereby  saving  time 
and  heat.  These  ovens  are  located  in  the  side  aisle  at  the 
left  of  Fie.  6. 

There  are  two  air  furnaces  of  40  tons  capacity  each 
and  one  of  15  tons  capacity.  These  are  charged  by 
means  of  a  charging  boom  operated  from  the  outside 
yard.  This  boom  is  provided  with  a  counterweight  on 
one  end  and  the  scrap  is  put  on  the  other  end.  1  is 
then  lifted  by  the  two  trolleys  on  the  yard  crane,  and 
by  running  these  trolleys  along  the  crane  girder,  the 
scrap  may  be  placed  in  its  proper  position  in  the  fur- 
nace without  laborious  work.  These  furnaces  will  melt 
large  pieces  of  scrap  weighing  20  to  25  tons  apiece  in 
other  words,  anything  that  will  go  through  the  charg- 
ing doors.  In  cases  of  improper  combustion  pressure, 
air  may  be  utilized  to  bring  the  iron  to  the  proper  tem- 
perature. These  furnaces  produce  the  most  homogen- 
eous iron  that  can  be  made  in  a  foundry.  The  iron 
after  being  melted  down  is  puddled  under  the  slag  until 


FIG,    10 — GROUP  OF   MACHINES   FOR   TURNING   GEAR   BLANKS 

The  core  shop  Fig.  8,  is  equipped  with  an  electric 
core  puller,  so  that  heavy  cores  and  molds  that  are 
placed  in  the  ovens  to  dry  can  be  pulled  in  and  out  of 
the  ovens  without  difficulty.  Some  of  these  cores  weigh 
fifty  tons  apiece.  The  ovens  are  fired  with  coke  and  are 
so  arranged  that  the  coke  is  dumped  from  drop  bottom 
cars  directly  into  storage  bins  from  which  it  is  fed 
to  the  ovens.  At  both  ends  of  the  cleaning  floor,  the 
sand  as  it  is  dug  out  of  the  castings  runs  through  a 
grating,  thus  keeping  the  chipping  floor  clear,  the  rods 
and  coke  being  stopped  by  the  grating  and  forked  off. 
The  sand  is  returned  to  the  sand  storage  bin,  which  is 
under  the  pattern  shop,  by  means  of  a  storage  battery 
truck  operating  through  a  tunnel  connecting  the  pattern 
shop  and  foundry.  These  trucks  are  equipped  with 
trays,  containing  the  sand,  and  may  readily  be  taken  to 
any  desired  part  of  the  foundry.  The  cleaning  rooms, 
sand  blast  and  rumbling  systems  are  all  equipped  with 
a  suction  system  for  the  removal  of  dust. 

ERECTION    AND    TESTING   DEPARTMENT    (TURBINe) 

The  several  parts  of  which  a  turbine  is  composed 
are  tested  individually  by  the  department  in  which  they 


FIG.    Q — GROUP  OF   FINISHED  REDUCTION  GEARS 

it  is  very  thoroughly  mixed  and,  when  tapped  off  into  a 
large  ladle,  there  is  a  homogeneous  mixture  giving  a 
much  stronger  iron  than  can  be  made  by  the  cupola 
process. 


FIG.    II — TURBINE    ROTORS    STORED    IN    THE   ERECTION    SHOP 

are  made  before  being  sent  to  the  erection  and  testing 
department.  This  is  to  insure  a  greater  degree  of  care 
on  the  part  of  the  several  production  departments,  and 
also  to  aid  in  speeding  up  the  work  of  the  testing  de- 
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partmeiit  in  that  less  faulty  material  will  have  to  be  re- 
turned for  correction.  The  nozzle  blocks,  after  being 
filed  to  the  proper  throat  and  exit  areas,  are  fitted  to 
their  respective  nozzle  block  chambers  and  then  are 
given  a  hydrostatic  test  to  insure  the  tightness  of  the 
joints.  The  nozzle  block  and  chamber  are  then  bedded 
in  the  turbine  cyclinder  and  are  tested  for  tightness 
with  steam  under  full  boiler  pressure.  All  parts 
such  as  governor,  control  and  maneuvering  valves,  are 
tested  for  tightness  after  being  assembled  with  steam 
under  full  boiler  pressure. 

The  several  component  parts  of  the  turbine  spindles 
are  each  given  a  static  balance  test  before  being  as- 
sembled. They  are  also  balanced  before  and  aftei 
blading  to  insure  their  correct  operation  before  being 
assembled  in  the  turbine  cyclinder.  The  final  tests 
consist  of  operating  with  a  brake  under  full  load,  pres- 
sure readings  being  taken  at  several  points  to  determine 
the  correctness  of  the  steam  distribution.  The  turbines 
are  also  operated  at  a  speed  of  20  per  cent  above  normal 


to  insure  their  absolute  safety.  After  the  final  tests  are 
passed,  the  unit  is  given  a  rigid  inspection  and,  if 
passed,  is  prepared  for  shipment.  The  turbine  test  floor 
is  designed  to  accommodate  four  large  and  four  small 
turbines  at  one  time,  giving  a  total  capacity  of  24  tur- 
bines per  month. 

ERFXTION  AND'TESTING'bEPARTMENT    (gEARS) 

The  main  object  of  the  reduction  gear  test  is  to 
determine  if  the  cutting  of  the  teeth  and  the  alignment 
of  the  gears  is  sufficiently  accurate.  To  determine 
this,  the  gear  is  driven  by  a  suitable  motor  and  the 
power  transmitted  is  absorbed  by  a  brake. 

In  case  inaccuracies  of  machining  are  discovered 
during  the  testing  period,  such  inaccuracies  are  cor- 
rected by  scraping  the  tooth  faces  until  a  proper  tooth 
bearing  is  attained.  This  requires  patience  and  skill 
of  a  very  high  order.  The  gear  testing  department  is 
equipped  with  eight  testing  pits  having  a  total  capacity 
of  thirty  gears  per  month. 
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ANY  of  the  large  industrial  plants  of  today 
have  grown  to  their  present  size  from  much 
smaller  plants,  and  the  growth  in  such  cases 
has  been  more  or  less  spasmodic.  The  application  of 
power  and  lighting  to  such  a  plant  is  often  difficult,  as 
the  system  first  installed  may  not  be  adapted  to  condi- 
tions after  numerous  extensions  have  been  added.  Thus 
a  considerable  number  of  large  industrial  plants  are  to- 
day working  under  a  handicap  due  to  the  fact  that  the 
power  system  which  was  adequate  for  the  original 
plant,  is  not  of  the  proper  type  for  a  large  works  ex- 
lending  over  a  considerable  area. 

In  laying  out  the  power  and  lighting  system  for  the 
South  Philadelphia  Works,  the  engineers  were  fortun- 
ate in  that  the  entire  plant  was  tentatively  laid  out  in 
advance,  although  only  a  portion  of  it  has  been  erected. 
This  procedure  permitted  the  engineers  to  plan  a  power 
and  lighting  system  that  would  be  not  only  adapted  to 
the  original  plant,  but  would  also  be  flexible  and  well 
suited  to  the  final  installation. 

The  Philadelphia  Electric  Company  supplies  power 
and  light  to  the  City  of  Philadelphia  and  surrounding 
territory.  The  load  during  the  winter  months  is  some- 
what greater  than  during  the  summer,  so  that  naturally 
the  power  company  has  some  surplus  capacity  during 
the  summer  months.  This  fits  in  very  nicely  with  the 
jiower  requirements  at  the  South  Philadelphia  Works. 
During  the  winter  months,  all  of  the  buildings  must  be 
heated,  requiring  steam  at  pressures  from  two  to  four 
pounds.  This  steam  can  be  produced  most  economically 
by  generating  it  at  high-pressure  and  passing  it 
through   non-condensing  turbines  operating  at  a   back 


pressure  of  from  two  to  four  pounds.  During  the  sum- 
mer months,  no  steam  is  required  except  for  testing 
purposes.  From  these  conditions,  it  will  readily  be  seen 
that  it  would  be  to  the  mtitual  benefit  of  both  the  Phila- 
delphia Electric  Co.  and  the  South  Philadelphia  Works 
for  the  power  company  to  furnish  energy  during  the 
summer  months  and  for  the  South  Philadelphia  Works 
to  make  its  own  power  during  the  winter  months.  It 
was  therefore  decided  to  install  non-condensing  tur- 
bines and  generate  all  the  power  required  during  tlie 
winter  months  at  a  power  plant  located  at  the  works. 
This  arrangement  has  the  added  advantage  of  a  reserve 
source  of  power  available  at  all  times  to  take  care  of 
emergencies.  If  desirable,  the  plant  at  South  Phila- 
delphia may  even  pump  power  back  into  the  system  of 
the  Philadelphia  l-^lectric  Co. 

(^wing  to  the  fairly  large  area  covered  by  the 
works,  it  was  decided  to  generate  power  at  6600  volts, 
three-phase,  60  cycles,  and  to  distribute  at  this  voltage 
by  underground  cables  to  various  substations  located 
about  the  works.  These  substations  contain  step-down 
transformers  from  6600  to  440  volts  for  all  constant 
speed  motors  used  for  driving  machine  tools,  compres- 
sors, elevators,  etc.  The  compressors  are  driven  by 
synchronous  motors  in  order  to  utilize  their  power- fac- 
tor correcting  ability.  Rotary  converters  are  located  in 
each  substation  to  supply  direct-current  at  250  volts  for 
operating  cranes,  variable-speed  machine  tools  and  vari- 
able-speed blowers  for  the  cupola  furnaces.  These  con- 
verters operate  at  approximately  100  percent  power- 
factor  and,  with  the  assistance  of  the  synchronous  mo- 
tors, will  tend  to  counteract  the  rather  low  power-fac- 
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tor  which  is  produced  by  the  huge  number  of  induction 
motors  operating  the  constant-speed  machine  tools  and 
elevators. 

The  lighting  system  is  entirely  separate  from  the 
power  system.     Separate  lighting  transformers  are  in- 
stalled  in   each   substation,    which    reduce    the    voltage 
from  6600   to   440 
volts,    and     three- 
phase    ligh'mg 
mains  are    carried  J, 
through  the  works  ' ' 
at  440  volts.     The  S»i;^te.^j^ 
lighting   t  r  a  u  s  -  1   I  i  ^  j 
formers     are      lo- 
cated on   the   out- 
side  walls   of   the 
buildings    at    vari- 
ous points  to  sup- 
ply    the      lightmg 
circuits  which  op- 
erate at  no  volts. 
High    efficiency 
tungsten  lamps  ^^_. 
are      used     exclu- 
sively for  the  gen- 
eral      illumination   ^,„ 
the    sizes    varying 
from  40  to  1000  watts 

The  lighting  system  has  been  given  special  atten 
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in;      I       i.lUTDOOR    SUBSTATION 

Showing  lightning  arresters,   disconnecting   switches,    etc, 
ply  protected  from  interference  by  unauthorized  persons. 


light  that  would  otherwise  be  lost  in  adjacent  aisles  is 
reflected  and  directed  to  where  it  can  be  most  useful. 
The  offices  are  lighted  by  semi-indirect  fixtures,  the 
bowls  being  suspended  by  brass  chains. 

7\11  high-voltage  cables  are  three  conductor,  cam- 
bric   insulated,    lead    covered,    located   in   underground 

ducts  and  used  to 
transmit  p  o  v/  e  r 
from  the  power 
plant  t  o  various 
substations  about 
the  works,  and 
from  the  high 
i  volt  age  outdoor 
substation  t  o  the 
power  plant.  Fiber 
duct  encased  in 
concrete  is  used 
for  the  large 
cables.  Control 
wires  are  also  car- 
r  i  e  d  from  the 
power  plant  to  the 
outdoor  substation 
by  the  under- 
ground system  so 
that  the  outdoor  substation  can  be  operated  from 
the  power-plant  switchboard.     The  power  wiring  in  the 


The    equipment    is 


tion  and  the  illumination  of  all  buildings  has  been  very     power  plant  and  substations  is  placed  beneath  the  floor 
satisfactorv.     Metallic  enameled  reflectors  of  both  the 


FIG.    2 — DETAIL  VIEW   OF  OUTDOOR   SUBSTATION 

Straight  and  angle  type  are  placed  near  the  ceiling  in 
both  main  and  side  bays  of  the  foundry  and  machine 
shops.  The  angle  reflectors  increase  the  efficiency  of 
the  lighting  system  in  that  a  considerable  portion  of  the 


FIG.    3 — ^MAIN   POWER    PLANT 


in  fiber  conduits  and  the  control  wiring  is  carried  in 
metal  conduits. 

The  low-tension  distributing  system  throughout  the 
works,  both  alternating  and  direct-current  is  generally 
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carried  overhead  but  is  placed  in  conduit  where  neces- 
sary. Single-conductor,  cambric-insulated  cables  are 
used  for  the  low-tension  circuits  and  in  many  cases  are 
carried  through  holes  cut  in  the  webs  of  the  girders  so 
as  not  to  interfere  with  the  cranes  or  piping  system. 
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FIG.   4 — BOILER  PLANT 

Equipped  with  automatic  stokers. 

The  Philadelphia  Electric  Co.  supplies  power  to 
the  outdoor  substation  shown  in  Fig.  i,  at  66000  volts, 
three-phase,  60  cycles.  This  substation  contains  choke 
coils,  lightning  arresters,  disconnecting  switches,  bus- 
bars, 66000  volt  oil  switches  and  transformers  for  re- 
ducing to  6600  volts.  The  power  at  6600  volts  is  car- 
ried to  the  main  power  station  by  underground  cables. 
Fig.  2  shows  the  second  set  of  transformers  installed  at 
the  outdoor  substation,  consisting  of  three  2500  k.v.a., 
66000-6600  volt,  single-phase,  60  cycle,  radiator  type, 
self-cooled  transformers  with  oil  circuit  breakers  and 
disconnecting  switches.  The  transformers  are  mounted 
on  rails  placed  on  concrete  piers  and  are  so  arranged 
that,  by  means  of  short  lengths  of  rails,  they  can  readily 
be  rolled  onto  the  top  of  a  standard  flat  car  which  can 


—THREE     1500     K.V.A.,     6600    VOI.T,     NONCONDENSING     TURBO- 
GENERATORS  IN  THE   POWER    HOUSE 

be  run  in  between  the  two  groups  of  transformers.  Any 
transformer  can  thus  readily  be  removed  for  repairs  in 
case  of  accident. 

The  main  power  plant,  as  shown  in  Fig.  3,  is  a 
fire-proof  building  arranged  to  be  extended  in  the  fu- 


ture when  additional  buildings  are  erected.  In  addition 
to  supplying  steam  for  the  turbines,  the  boilers  supply 
superheated  steam  for  testing  purposes  in  the  erecting 
shop.  Both  high  and  low-pressure  steam  are  carried  to 
the  various  buildings  from  the  power  plant  through  un- 
derground tunnels.  The  boiler  plant.  Fig.  4,  is  equipped 
with  automatic  stokers  which  receive  coal  from  over- 
head bins.  The  ashes  are  taken  care  of  by  means  of  an 
ash  handling  system  in  the  basement. 

The  initial  installation  of  turbines  consists  of  three 
1500  k.v.a.,  three-phase,  60  cycle,  6600  volts,  3600 
r.p.m.,  noncondensing  turbogenerator  sets.  Room  has 
been  provided  for  an  additional  installation  of  three 
3000  k.v.a.,  turbogenerator  sets.  No  condensing  equip- 
ment is  provided  in  the  power  plant.  Fig.  5,  shows  a 
general  view  of  the  turbine  end  of  the  generating  room, 
the  space  in  the  front  of  the  view  being  available  for  the 
future  turbines. 

The  main  and  auxiliary  switchboards  are  located 
on  the  same  floor  with  the  turbines  as  illustrated  in  Fig. 
6.  The  bus-bars,  oil  switches  and  disconnecting 
switches  are  located  in  the  basement  directly  beneath 


FIG.    6 — MAIN  AND   AUXILIARY   SWITCHBOARDS 

the  switchboard.     The  construction  of  this  bus  struc- 
ture is  illustrated  in  Figs.  7  and  8. 

Fig.  9,  shows  the  construction  details  of  the  f5oor 
under  the  switchboard  and  especially  the  fiber  conduits 
which  carry  the  main  generator  cables  from  the  gener- 
ators to  the  bus  structure.  This  view  also  shows  the 
reinforcing  rods  in  place  before  the  concrete  is  poured 
for  the  floor.  Fig.  10  shows  further  construction  de- 
tails, including  the  metallic  conduit  used  for  die  control 
wires  which  run  between  the  switchboard  and  the  gen- 
erators and  between  the  switchboard  and  the  bus  struc- 
ture. A  separate  room  has  been  built  back  of  the 
switchboard  over  the  reactance  coil  chamber  to  install 
transformers  and  rotary  converters  for  a  substation  to 
provide  alternating  and  direct-current  power  and  light- 
ing for  the  power  plant  itself  and  nearby  buildings.  All 
outgoing  feeders  are  equipped  with  single-phase  react- 
ance coils  to  insure  continuity  of  operation  in  case  of 
short-circuit  on  any  of  the  feeder  circuits.  Fig.  il 
shows  the  reactance  coil  chamber  which  is  located  in 
the  basetnent  next  to  the  switch  and  bus  structure. 
These  feeders  are  carried  to  distributing  vaults  at  the 
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corner  of  the  building  from  which  they  are  led  to  the 
underground  duct  system. 

An  80  ampere-hour  electric  storage  battery,  is  lo- 
cated in  the  room  back  of  the  switchboard  to  insure 
riperation  of  the  switchboard  at  all  times.     This  storage 


FIGS.  7  and  8 — bus  structure 
Located  in  the  basement  directly  beneath  the  switchboard. 

battery  is  kept  charged  by  a  small  motor-generator  set 
in  the  power  plant. 

Direct-current  leads  are  carried  from  the  power 
station  to  the  outdoor  substation  for  the  purpose  of 
closing  and  tripping  the  large  66  000  volt  oil  switches. 
The  excitation  for  the  turbogenerators  is  furnished  by 
two  35  kw,  125  volt  generators,  one  turbine  driven  and 
the  other  driven  by  a  440  volt,  three-phase,  60  cycle  in- 
duction motor. 

Two  sets  of  bus-bars  are  provided  in  the  power 
plant  and  any  feeder  can  be  connected  to  either  bus. 
Switches  are  provided  so  that  one  bus  can  be  connected 
to  the  turbine  in  the  power  plant  and  the  other  to  the 
transformers  located  at  the  outdoor  substation.  Both 
sets  of  bus-bars  can  be  connected  to  either  source  of 


FIG.   9 — CONSTRUCTION    OF    FLOOR    UNDER    THE    SWITCHBOARD 

Showing  the  fiber  conduits. 

power  and,  if  necessary,  both  sources  of  power  can  be 
operated  in  parallel.  Either  bus-bar  can  be  cut  out  for 
alterations  or  repairs  while  the  plant  is  operated  from 
the  other.  This  schetne  produces  considerable  flexibil- 
ity and  insures  a  power  supply  to  all   feeders,  at  all 


times.  Two  sets  of  feeders  are  carried  to  each  sub- 
station from  the  power  plant,  one  feeder  being  con- 
nected to  each  set  of  bus-bars.  Instrument  transform- 
ers are  located  so  that  either  the  Philadelphia  Electric 
Co.  or  the  plant  itself  can  meter  all  of  the  power  sup- 
plied from  either  source. 

In  the  substations,  the  high-tension  bus  structure 
with  oil  switches,  disconnecting  switches  and  instru- 
ment transformers  are  located  on  the  same  floor  level 
with  the  switchboard.  The  high  and  low-tension 
switchboards  are  located  on  opposite  sides  of  the  room 
with  the  rotary  converters  on  the  floor  between.  The 
synchronous  motor-driven  air  compressors  are  located 
in  the  same  room,  but  a  little  apart  from  the  switch- 
boards. Fig.  12,  shows  one  corner  of  one  of  the  sub- 
stations and  Fig.  13  shows  the  other  end  of  the  room 
containing  the  synchronous  motor-driven  air  com- 
pressors. The  transformers  are  located  in  a  separate 
compartment. 

Owing  to  the  value  of  the  manufacturing  space,  it 
was  not  considered  advisable  to  locate  the  substations  at 
the  center  of  gravity  of  the  distributing  system  in  the 
various   buildings.     This   necessitated   the   use   of   dis- 


FIG.    ID — CONSTRUCTION   DETAILS 

Showing  the  metalHc  conduit. 

tributing  boards  in  connection  with  substation  No.  3, 
one  being  located  in  machine  shop  No.  i,  one  in  ma- 
chine shop  No.  2,  and  one  in  the  erecting  shop.  Each 
one  of  these  boards  takes  care  of  the  distribution  of 
the  440  volt,  three-phase  circuits  and  the  250  volt,  di- 
rect-current circuits.  The  feeder  circuits  are  carried 
from  the  board  to  the  various  parts  of  the  buildings. 
The  circuit  breakers  on  these  boards  are  equipped  with 
alarm  attachments  which  will  insure  the  prompt  reclos- 
ing  of  any  circuit  breakers  diat  open  due  to  overload  or 
other  trouble. 

Substation  No.  i  is  located  in  the  power  plant  and 
contains  two  100  k.v.a.,  6600-440  volt,  single-phase 
transformers  to  supply  the  power  plant  and  forge  shop 
with  power.  These  transformers  are  operated  in  open 
delta  until  the  demand  increases  enoygh  to  require  a 
third  transformer.  The  substation  may  be  used  later 
to  supply  other  nearby  buildings  with  both  alternating 
and  direct-current  power,  in  which  case  rotary  con- 
verters will  be  installed. 

Substation  No.  2  is  located  at  one  end  of  the  foun- 
dry and  supplies  current  for  power  and  light  to  the 
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foundry,  pattei"n  storage  building  and  forge  shop.  The 
equipment  of  this  sub-station  consists  of  three  200 
k.v.a.,  6600-440  volt,  single-phase  transformers  which 
supply  three-phase  power  to  operate  machine  tools,  ele- 
vators,  compressors  and  ventilating   fans.     Room  has 
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been  provided  for  three  additional  transformers  of  the 
same  capacity.  Direct-current  at  250  volts  is  furnished 
by  two  300  kw,  six-phase,  250  volt,  rotary  converters, 
which  in  turn  receive  their  power  from  three-phase 
step-down  transformers  from  6600  volts  to  the  con- 
verter voltage.  Room  has  been  provided  for  a  third 
converter.  This  power  is  used  to  operate  all  cranes, 
variable  speed  blowers  for  the  cupola  furnaces  and  some 
variable  speed  machine  tools  in  the  pattern  storage 
building. 

A  separate  set  of  three  75  k.v.a.,  6600-440  volt, 
single-phase  transformers  is  installed  for  the  lighting 
system.  In  addition  to  the  regular  lighting  system, 
some  special  circuits  are  installed  to  furnish  a  limited 
amount  of  illumination  for  night  service  when  the  plant 
is  closed  down.  Room  has  been  provided  for  an  ad- 
ditional set  of  lighting  transformers. 


y\i:.   T2 — St-RSTATION  switchhoarii 
With  rotary  converters  and  exciter  in  the  foreground. 

Ample  illumination  has  been  provided  for  the  out- 
side of  the  buildings  by  means  of  lamps  mounted  on  the 
building  walls.  These  lamps  have  been  equipped  with 
a  special  cutout  so  that  the  lamps  can  be  lowered  for 
cleaning  and  renewals. 


Compressed  air  is  furnished  by  two  synchronous 
motor  di'iven  air  compressors,  one  having  a  capacity  of 
1000  cu.  ft.  per  minute,  and  the  other  having  a  capacity 
of  1500  cu.  ft.  per  minute.  Both  compressors  furnish 
air  at  100  lbs.  pressure.  The  synchronous  motors  are 
somewhat  larger  than  necessary  so  that  the  extra  ca- 
pacity can  be  used  for  power-factor  correction.  The 
fields  of  the  synchronous  motors  are  wound  for  250 
volts  excitation  in  order  to  utilize  power  from  the  ro- 
tary converters  for  this  service.  A  small  motor-gen- 
erator set  is  furnished  in  addition  as  a  reserve  source 
of  excitation. 

The  substations  are  well  lighted  and  are  fire  proof 
and  not  directly  connected  to  the  main  buildings.  En- 
trance to  the  transformer  room  is  obtained  through  a 
fire  door.  The  transformer  room  of  substation  No.  2 
is  illustrated  in  Fig.  14.  A  cement  coping  around  the 
floor  prevents  oil  from  flowing  from  the  transformer 
room  to  other  parts  of  the  substation.  All  wiring  be- 
tween transformers,  switchboards  and  machines  is  in- 
stalled in  underground  fiber  ducts. 

Substation  No.  3  is  located  at  one  end  of  machine 
shop  No.  I,  and  supplies  power  and  light  for  machine 
shops  No.  I  and  No.  2  and  the  erecting  shop.  The 
eciuipment  in  this  substation  consists  of  three  400  k.v.a., 


FK;.    13 — CORNER    OF    SUBSTATION 
Containing    synchronous    motor-driven    air    compressors. 

6600-440  volt,  single-phase  transformers  to  supply 
power  at  440  volts.  Room  has  been  provided  for  three 
additional  transformers  of  the  same  capacity.  Direct- 
current  is  furnished  by  three  300  kw,  six-phase,  250 
volt  rotary  converters.  To  take  care  of  the  lighting 
system,  there  are  installed  two  150  k.v.a.,  6600-440  volt, 
single-pha.se  transformers,  and  a  third  transformer  will 
be  added  when  the  conditions  warrant.  Room  for  three 
additional  transformers  of  the  same  capacity  has  been 
provided.  The  compressor  equipment  for  this  sub-sta- 
tion is  a  duplicate  of  that  for  No.  2  substation.  As  be- 
fore stated,  the  main  circuits  from  substation  No.  3 
are  carried  to  three  distributing  boards,  one  located  in 
each  of  the  main  buildings. 

There  are  a  total  of  56  cranes  located  in  the  vari- 
ous buildings,  all  of  which  are  equipped  with  direct- 
current  motors  operating  at  250  volts.  The  larger 
cranes  are  equipped  with  two  trolleys  and  each  trolley 
is  equipped  with  both  main  and  auxiliary  hoist.  This 
type  of  crane  requires  seven  controllers  in  the  operat- 
ing cage.     Electric  brakes  are  furnished  on  the  shaft 
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of  all  hoist  motors  and  also  on  the  lirst  countershaft 
of  the  main  hoists.  All  cranes  are  equipped  witii  a 
new  type  controller  which  uses  cam  type  switches  in- 
stead of  the  usual  drum  type  or  face  plate  controller. 
The  hoist  controllers  are  so  arranged  that  graduated 
dynamic  braking  is  used  in  lowering.  The  change  has 
proven  of  great  advantage,  especially  when  handlmg 
ladles  of  molten  metal  in  the  foundry  or  assembling  tur- 
bines on  the  erecting  floor. 

All  cranes  are  equipped  with  a  safety  panel  raid 
each  motor  has  its  own  contactor  on  the  safety  panel 


FIG.    14 — TRANSFORMER   ROOM    IN    SUBSTATION    NO.    2 

controlled  by  an  overload  relay.  After  an  overload  re- 
lay has  operated  and  the  contactor  opened,  it  cannot  be 
closed  again  until  the  control  handle  has  been  brought 
to  the  off  position.  Each  hoist  is  provided  with  a 
geared  limit  switch  to  prevent  over-winding.  All  crane 
wiring  is  placed  in  metallic  conduit.  It  is  an  interest- 
ing fact  that  women  operators  have  been  tried  out  on 
some  of  the  smaller  cranes  and  have  proved  very  pro- 
ficient. 

For  light  trucking  about  the  buildings  and  in  the 
tunnels,  electric  trucks  equipped  with  storage  battcies 


have  been  installed  and  have  proved  very  successful. 
For  handling  heavy  castings  and  forgings  between  the 
foundry,  machine  shops  and  forge  shop,  and  between 
the  machine  shops  and  the  storage  yard,  four  ten-ton 
burden  bearing  storage  battery  locomotives  with  four 
trailers  have  been  installed.  These  trucks  are  of  par- 
ticularly heavy  and  rugged  design,  and  will  cany  a 
maximum  load  of  50  tons  each.  In  order  to  reduce  the 
height  of  platform,  it  was  necessary  to  supply  roller 
bearings  on  the  main  axles.  The  batteries  on  these  lo- 
comotives are  charged  by  simply  plugging  into  the  250 
volt  circuit  at  convenient  points.  Owing  to  the  fact 
that  the  smaller  trucks  have  a  fewer  number  of  bat- 
teries, it  would  not  be  economical  to  charge  them  di- 
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FIG.    15 — FIFTY    TON    STORAGE    BATTERY    TRUCKS    WITH    TRAILERS 

rectly  from  the  250  volt  circuit,  as  too  much  power 
would  be  lost  in  resistance.  For  this  reason,  separate 
motor-generator  sets  are  provided  for  charging  the  bat- 
teries of  the  small  trucks,  one  located  on  the  surface 
and  the  other  in  the  tunnel. 

It  is  possible  that  the  substations  will  be  tied  to- 
gether in  such  a  manner  that  one  can  be  used  to  supply 
all  buildings  during  times  when  only  small  portions  of 
the  works  are  in  operation.  The  entire  plant  has  been 
laid  out  with  the  object  in  view  of  producing  power  at 
the  least  possible  expense  with  the  greatest  possible 
flexibility  and  safety,  and  at  the  same  time  taking  care 
of  any  possible  future  expansion. 


Wh^  Aro  Safe  OT>t)riife:if?  TDmi:)Drataro5  Soi" 

Mica  KjiBiilatiDji 


H.  D.  Stephens 

Power  Department, 

Westinghouse  Electric  &  Mfg.  Co. 


THIS  QIJESTION  has  perplexed  manufacturer 
and  operator  alike  for  a  number  or  years.  In 
the  search  for  a  thoroughly  acceptable  answer, 
a  great  deal  of  time  and  money  have  been  devoted  to  ex- 
tensive study  and  research.  We  know  that  electric 
heating  elements,  with  operating  temperatures  of  five 
hundred  to  six  hundred  degrees  are  perfectly  satisfac- 
tory. But  the  burning  out  of  a  heating  element  entails 
relatively  little  inconvenience  and  expense.  Such  tem- 
peratures are  essential  to  efficiency,  and  mica  is  the  best 
known  and  most  acceptable  insulating  material  for  such 
service. 


It  is  known  that  generators  with  measuVed  tem- 
peratures of  only  seventy  and  eighty  degrees  C.  have 
failed,  and  that  the  evidence  of  temperature  deteriora- 
tion has  been  strong.  Even  admitting  a  possible  error 
of  more  than  one  hundred  percent,  due  to  methods  of 
measurements,  the  discrepancy  between  heating  element 
and  generator  performance  is  enormous.  Based  on  ex- 
perience neither  operator  nor  manufacturer  could  con- 
sider maximum  temperatures  of  three  and  four  hundred 
degrees  safe.  And  such  values  are  not  necessary,  and 
not  economical  in  the  generator. 

But     with     the     mass     of     indisputable     evidence 
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gathered,  it  is  known  that  temperatures  considerably 
above  one  hundred  degrees  exist  in  the  wide  core,  high 
speed  and  large  capacity  machines  of  today,  and  that 
such  units  have  very  satisfactory  operating  records. 
In  determining  the  maximum  safe  operating  temper- 
atures for  their  mica  insulated  armature  coils,  two 
methods  of  observation  and  research  have  been  fol- 
lowed : 

I — Based  on  laboratory  tests,  where  conditions  ap- 
proximate those  found  in  actual  practice,  and 

2 — Based  on  the  actual  performance  of  the  gen- 
erators in  service. 

One  of  the  so-called  laboratory  tests  from  which 
valuable  information  was  gathered  was  made  by  outside 
operating  engineers  using  a  standard  6600  volt,  ma- 
chine-wrapped, mica-insulated  coil.  The  straight  sides 
of  this  coil  were  clamped,  heavily  lagged  with  felt  and 
tape,  exploring  coils  and  thermometers  being  located 
underneath  in  contact  with  the  coil,  and  alternating  cur- 
rent, sufficient  to  heat  the  coil  to  the  temperatures 
wanted,  was  circulated  through  the  coil.  The  results 
are  given  in  Table  i.  In  marked  contrast  to  the  char- 
acheristics  of  treated  tape  insulations,  no  appreciable  in- 
T.A.BLE  I— TEST  DATA. 


Temperature 
Degrees  C. 

Hours 

Insulation  Test 

125 

81 

6600   volts    continuous 

ISO 

100 

6600    volts    continuous 

150 

192 

10  000     volts     for     one 
minute   once   an   hour. 

150 

48 

15000     volts      for     one 
minute  ever\'  12  hours 
—  for     ID    minutes    at 
end  of  test. 

crease  in  dielectric  loss  or  leakage  was  noted  at  these 
temperatures. 

To  test  this  characteristic  further  one  side  of  the 
coil  was  then  wrapped  with  asbestos  tape,  soaked  with 
water,  and  left  on  for  six  hours.  At  15  000  volts  no 
material  increase  in  leakage  could  be  noted. 

Lastly  the  coil  was  tested  to  break  down.  The 
wet  side  broke  down  at  23  500  volts,  and  the  dry  side 
at  30  000  volts  at  one  point,  35  000  volts  at  another  and 
42  500  volts  at  still  another.  The  tape  insulation  on  th--; 
ends  at  40  500  volts.  A  careful  examination  of  the  coil 
also  disclosed  no  visible  evidences  of  temperature  de- 
terioration. 

To  check  the  outside  findings,  a  similar  coil  was 
then  tested  at  the  factory,  first  for  150  hours  at  150 
degrees  C,  and  then  for  150  hours  more  at  220  degrees. 
No  appreciable  evidences  of  temperature  deterioration 
were  discovered,  and  even  at  220  degrees  the  "dielectric 
loss"  was  not  large  enough  to  be  of  consequence. 

Another  instructive  laboratory  test,  that  more, 
closely  parallels  the  conditions  existing  in  a  generator, 
was  made  by  building  a  model  with  coils,  puncbings, 
ventilating  slots,  and  air-gap  section  of  typical  propor- 
tions. A  solid  cap  set  above  the  punchings  with  sma'l 
clearance   gave    normnl    fluxes    when    current    was    cir- 


culated through  the  coil.  The  model  was  enclosed,  and 
a  fan  attached  gave  cooling  air  in  the  volume  and  pres- 
sure required.  Both  thermocouples  and  resistance  coils 
were  built  in  at  the  points  where  temperature  readings 
were  desired.  Resistance  coils  four  inches  in  length 
were  used,  and  the  couples  were  the  same  as  used  for 
regular  generator  detectors.  A  couple  embedded  in  the 
punchings  showed  a  rise  of  58  degrees  C.  another  coupif: 
each  78.5  degrees  when  placed  between  two  coils  and, 
directly  above  a  resistance  coil  which  showed  74.5  de- 
grees. A  third  couple  actually  placed  inside  the  resist- 
ance coil  read  76  degrees.  A  single  paper  cell  surrounded 
both  coils  in  this  slot.  In  exactly  the  same  locations  in  a 
second  slot,  and  with  a  separate  paper  cell  around  each 
coil  so  that  couples  and  resistance  coil  were  outside  of 
the  cells,  the  couple  above  the  resistance  coil  read  only 
48  degrees,  the  resistance  coil  49  degrees  and  the  couple 
inside  the  resistance  coil  51.5  degrees.  This  test  iz 
particularly  valuable  as  disproving  a  somewhat  common 
fallacy  that  almost  any  type  of  detector,  located  at 
almost  any  inaccessible  point  in  a  generator  stator, 
shows  approximately  "hot  spot"  temperatures.     It  dein- 


FIG.    1 — PARTIALLY    DISMANTLED    THERMOCOUPLE 

Showing  its  ruggedncss.  The  temperature  reading  ob- 
tained is  that  due  to  the  temperature  at  the  junction  point  be- 
tween the  two  metals  used. 

onstrates  the  necessity  for  a  proper  type  and  location  of 
detector,  if  dependable  readings  are  to  be  obtained. 

Of  even  more  practical  value  than  the  data  obtained 
in  laboratory  research,  is  that  obtained  from  actual  op- 
eration. One  of  the  most  conclusive  evidences  of  the 
ability  of  mica  to  withstand  high  temperatures  is  found 
in  the  performance  of  some  Westinghouse  generators 
installed  at  Niagra  Falls.  These  were  built  in  1895, 
and  in  1913  an  opportunity  was  given  to  install  thermo- 
couples in  one  of  tliese  machines.  In  the  Niagara  tests 
temperatures  of  the  copper  in  the  center  of  the  core 
were  obtained  in  a  mica  insulated  generator  that  has 
been  in  operation  for  about  twenty  years.  Thermo- 
couples were  installed  in  contact  with  the  copper  and 
in  various  other  locations  within  the  slots.  Internal 
temperatures  were  obtained  for  the  range  of  loads 
through  which  the  generator  normally  operates.  From 
the  operating  record  the  length  of  time  for  various  loads 
(above  the  average)  was  also  obtained  and  from  these 
records  and  the  measured  temperatures  the  length  of 
time  the  generator  has  operated  at  different  tempera- 
tures was  found  to  be  as  follows: — 
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Length  of  Service 
in  Hours 


40000 

13000 

8200 

2600 

100 


Range  of  Operating 
Temperature 
(Based  on  35  degree  air) 
120  to  14.S  degrees  C. 
145  to  17s  degrees  C. 
175  to  210  degrees  C. 
210  to  245  degrees  C. 
24s  to  285  degrees  C. 

The  insulation  used  in  this  generator  was  a  hand- 
wrapped  mica  wrapper  substantially  as  used  in  many 
generators  today.  The  operating  record  shown  by  the 
above  figures  means  that  this  generator  has  been  run- 
ning for  over  60000  hours  (equivalent  to  nearly  seven 
years  continuous  service  or  to  ten  years  service  of  16 
hours  per  day)  at  temperatures  from  120  to  285  degrees 
C. ;  it  has  operated  for  a  time  equivalent  to  nearly  three 
years  without  shutdown  at  temperatures  above  145  de- 
grees and  it  has  operated  for  10  goo  hours,  equivalent 
to  fifteen  months  continuous  operation  at  teinperatures 
above  175  degrees. 

Additional  data  on  actual  internal  temperatures  of 
generators  of  large  capacity  has  been  steadily  collected 


Resistance  Coil 


Resistance  Coil 


KIG,    2 — CROSS-SECTIONS    OF    MODEL    COII. 

ever  since  the  availability  of  the  embedded  detector  for 
this  application  was  discovered.  In  general,  modern 
machines  are  actually  cooler  inside  than  many  of  earlier 
design,  for  armature  coil  conductors  are  better  section- 
alized,  eddy  current  losses  are  reduced  and  more  ade- 
quate and  uniform  ventilation  is  now  provided.  Inter- 
nal "hot  spot"  temperatures  varying  between  100  and 
150  degrees  have  been  expected  and  found  to  be  th-; 
actual  operating  teinperatures  at  rated  outputs.  Mica 
has  been  the  basic  insulating  material  employed,  and 
excellent  operating  records  have  been  experienced. 

Since  1912  thermocouples  have  been  installed  in 
practically  every  large  generator  of  new  design  and 
readings  obtained  of  internal  hot  spot  temperatures. 
(In  special  cases  as  many  as  thirty  couples  have  been 
installed  in  a  single  generator).  These  tests  have  been 
made  by  the  zero  power-factor  method  of  loading,  the 
generator  really  operating  as  a  synchronous  motor  or 


condenser,  with  normal  coil,  load  and  armature  copper 
loses,  and  with  field  copper  losses  higher  than  when  in 
actual  operation  as  a  generator  at  higher  power-factors. 
The  Westinghouse  Company  has  installed  as  part  of  its 
regulator  testing  ecjuipment  a  generator  of  6000  k.v.a. 
and  another  of  5000  k.v.a.  for  supplying  load  for  such 
tests  and  by  making  use  of  generators  on  the  test  floor 
a  number  of  zero  power  factor  tests  between  12000 
k.v.a.  and  18000  k.v.a.  have  been  conducted.  This  com- 
prehensive testing  policy  has  resulted  in  the  accumula- 
tion of  a  mass  of  data  on  hot  spot  temperatures  cover- 
ing all  types  and  sizes  of  units.  The  general  result  has 
been  to  modify  preconceived  ideas  of  generator  temper- 
atures considerably.  It  was  not  realized  before  this 
data  was  available  that  temperature  drops  in  generators 
were  so  large.  In  many  cases  generators  that  were  de- 
signed in  line  with  past  practice  to  meet  a  50  degree 
rise  by  thermoineter  were  found  to  have  hot  spot  tem- 
peratures 50  degrees  higher  than  the  surface  tempera- 
ture. The  reasons  for  these  large  temperature  differ- 
ences have  been  discussed  in  various  papers  before  the 
engineering  societies ;  the  general  results  of  tests  only 
need  be  given  here. 

Tests  on  twelve  60  cycle  turbogenerators  ranging 
in  size  from  5000  to  20000  k.v.a.  gave  average  results 
as  follows: — 

Surface  coil  temperature  rises,  by  thermometer,  22 
degrees  C. 

Average  coil  temperature  rise,  by  resistance,  43  degrees 
C. 

Hot  spot  coil  temperature  rise,  by  thermo-couple,  85 
degrees  C. 

Similar  tests  on  nine  large  60  cycle  moderate  speed 
generators  (mainly  waterwheel  driven)  gave  the  fol- 
lowing average  temperature  rises: — 

Surface  coil  temperature  rise  by  thermometer,  45  de- 
grees C. 

Average  coil  temperature  rise  by  resistance,  54  degrees 
C. 

Hot  spot  coil  temperature  rise  by  thermo-couple,  82 
degrees  C. 

From  the  accumulation  of  evidence  gathered,  it  is 

certain, — 

I — That  large  generators,  insulated  with  the  best  and 
latest  types  of  mica  insulation,  not  onl\-  can  but  actually 
do  operate  with  safety  with  total  internal  temperatures 
up  to  at  least   150  degrees  C. 

2 — That  the  results  obtained  by  the  use  of  embedded 
temperature  detectors  vary  widely,  and  that  the  manu- 
facturer who  is  carefully  and  generally  testing  with  such 
etjuipment.  is  best  fitted  to  locate  and  to  specify  the  type 
of   measuring   devices   to   be   employed. 

Lastly,  it  would  seem  equally  certain,  assuming  that 

embedded  detector  readings  are  to  be  made  the  basis 

of  contract  guarantees,  that  the  prospective  purchaser 

should   heartily   sanction   a   form   of   guarantee   which 

tends  to  encourage,  rather  than  discourage,  the  m:inu- 

facturer  from  choosing  a  type  of  detector  and  locating 

it  where  maximum  temperature  readings  are  obtainal)le. 
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O.  W.  A.   Oetting, 

Special  Engineer, 

Willard  Storage  Battery  Company 


THE  application  of  the  electric  motor  for  starting 
internal  combustion  engines  during  the  past  few- 
years  has  developed  a  new  branch  in  the  electri- 
cal industry.  Electric  starting  motors  are  now  applied 
almost  universally  to  all  automobiles.  The  conveni- 
ences of  this  method  of  starting  and  the  insurance 
against  cranking  accidents  will  lead,  no  doubt,  to  a 
wider  adoption  of  this  system  for  truck  service.  The 
latest  development  in  this  industry  has  been  the  appli- 
cation of  starting  and  lighting  systems  to  farm  tractors. 
The  starting  of  internal  combustion  engines  by  an 
electric  motor  is  feasible  because  of  the  possibility  of 
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KIG.    I — TIME    REQUIRF.n    TO    DISCHARGE    AUTOMOTIVE    TYPE    OF 
BATTERIES 

At  low  rates  of  current  to  1.8  volts  per  cell  at  8o  degrees  F. 

storing  energy  in  batteries  at  a  low  rate  of  current  by 
means  of  a  small  generator.  This  stored  energy  is 
available  then  for  short  intervals  of  time  at  very  high 
rates  of  current. 

The  application  of  the  electric  motor  for  starting 
internal  combustion  engines  brought  about  a  demand 
for  much  higher  discharge  rates  of  current  from  the 
storage  batteries  than  had  previously  been  considered 
feasible.  Formerly,  discharge  rates  of  one  hour's  dura- 
tion were  often  used  for  rating  storage  batteries.  With 
the  advent  of  the  electric  starter,  batteries  were  given 
ratings  of  discharge  for  a  period  of  twenty  minutes, 
and  later  on,  voltage  tests  were  called   for  at  rates  of 


current    four  and  five   times  the   twenty   minute   rate. 
These  high  rates  of  current  had  to  be  secured  from  a 

battery  of  minimum  size  and  weight. 

DISCHARGE    RATES 

It  is  a  well  known  fact  that  the  capacity  of  a  stor- 
age battery  is  a  function  of  the  rate  of  current  at  which 
it  is  discharged.  The  performance  of  various  sizes  of 
automotive  batteries  at  low  rates  of  discharge  is  shown 
by  the  curves  in  Fig.  i.  The  rating  of  the  battery  in- 
dicated on  these  curves  is  the  ampere  hour  capacity  at 
the  five  ampere  rate  of  current,  as  standardized*  in  the 
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FIG.    2 — TIME    REQUIRED    TO    DISCHARGE    AUTOMOTIVE    TYPES    OF 
BATTERIES 

At  high  rates  of  current  to  1.5  volts  per  cell  at  80  degrees  F. 

following  rule :  "Batteries  for  combined  lighting  and 
starting  service  shall  have  tzvo  ratings,  of  which  the 
first  shall  indicate  the  lighting  ability  and  be  the  capa^ 
city  in  ampere  hours  of  the  battery  when  discharged 
continuously  at  a  five  ampere  rate  to  a  final  voltage  of 
1.8  per  cell,  the  temperature  of  the  battery  beginning 
such  discharge  being  80  degrees  F." 

The  starting  characteristics  of  a  battery  are  de- 
termined by  higher  rates  of  current  than  those  given 
in  the  curves  shown  in  Fig.  i.  A  battery  with  -.in  am- 
pere hour  capacity  that  is  satisfactory  for  starting  at 

*By  the  Society  of  Automotive  Engineers. 
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low  temperatures  usually  will  be  found  to  be  of  suf^ 
ficient  size  to  supply  the  remainder  of  the  electrical 
system,  such  as  lights,  ignition,  etc.  When  selecting 
the  size  of  a  starting  battery,  the  requirements  of  the 
electrical  system  under  the  severest  starting  conditions 
should  be  known.  Fig.  2  shows  the  time  required  to 
discharge  different  sizes  of  automotive  batteries  at  high 
rates  of  current.  Automotive  batteries  for  startmg 
purposes  have  a  standard  rating  as  stated  in  the  latter 


nC.    3 — FIVE-SECOND  VOLTAGE  CURVES  OF  AUTOMOBILE  TYPES   OF 
BATTERIES 

At  high  rates  of  discharge  at  80  degrees  F. 

part  of  the  standard  rule : —  "The  second  rating  shall 
indicate  starting  ability  and  shall  he  the  rate  in  ampere; 
at  which  the  battery  zvill  discharge  for  20  minutes  con- 
tinuously to  a  final  voltage  of  not  less  than  1.65  per  cell. 
The  temperature  of  the  battery  beginning  such  dis- 
charge to  be  So  degrees  F." 

CRANKING   VOLTAGES 

The  current  required  from  a  battery  to  roll  the 
engine  under  normal  conditions  varies  from  the  10  to 
the  20  minute  rate  of  discharge.  If  the  engine  is  stiff 
or  the  temperature  is  low,  this  rate  of  current  is  in- 
creased considerably.     The  voltages  that  are  available 
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FIG.    4 — VARIATION    OF    CAPACITY    OF    BATTERY    WITH    TEMPERATURE 

for  cranking  an  engine  under  normal  temperature  con- 
ditions are  given  for  the  various  sizes  of  batteries  in 
Fig.  3.  These  curves  show  the  voltage  that  a  battery 
will  give  at  the  end  of  five  seconds  at  a  certain  dis- 
charge rate  of  current.  Curves  such  as  these  should 
be  used  in  the  design  of  starting  motors  and  also  in  the 
selection  of  the  size  of  battery  for  the  starting  system. 


TEMPERATURE   CHARACTERISTICS 

The  effect  of  temperature  on  the  capacity  of  a 
lead  acid  type  of  battery  is  shown  in  Fig.  4.  It  will  be 
seen  from  this  curve  that  a  battery  has  only  half  the 
capacity  at  a  temperature  of  10  degrees  F.  that  it  has 
at  normal  temperatures.     The  voltage  also  is  lower,  as 
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At  80  degrees  F.  and  10  degrees  F. 

shown  in  Fig.  5,  which  gives  the  comparison  of  the  five 
second  voltages  of  a  battery  at  80  and  at  10  degrees  F. 
Low  temperatures  have  no  detrimental  effect  on  a 
battery  if  the  electrolyte  does  not  freeze.  The  freezing 
point  of  the  electrolyte  varies  with  the  state  of  charge 
in  the  battery,  as  shown  in  Fig.  6.  The  necessity  of 
keeping  the  battery  charged  above  a  specific  gravity  of 
1.250  during  extreme  cold  weather  conditions  is  ap- 
parent from  this  curve.  High  temperatures  have  the 
effect  of  increasing  the  capacity  of  a  battery,  but  are 
detrimental  in  that  they  decrease  the  life  of  the  battery. 
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At  various  densities. 

Effect  of  Low  Temperatures  on  Starting — The  dif- 
ficulty encountered  in  starting  an  engine  during  the 
winter  months  is  a  result  not  of  one,  but  of  several  con- 
ditions. All  of  these  conditions  must  be  taken  into 
consideration  in  the  design  of  the  engine  and  its  various 
accessories.  The  effects  of  low  temperatures  on  the 
battery  have  been  pointed  out.     Fig.  7  shows  the  five 
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second  voltages  of  automobile  batteries  at  a  tempera- 
ture of  lo  degrees  F.  This  does  not  represent  the  ex- 
treme temperature  at  which  the  batteries  are  required 
to  operate,  but  was  chosen  as  a  standard  to  represent 
the  average  temperature  for  the  country  during  the 
three  winter  months.     In  addition  to  the  effects  on  the 
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FIG.    7 — FIVE-SECOND   VOLTAGE   CURVES   OF   AUTOMOTIVE   TYPES 

Of  batteries  at  high  rates  of  discharge  at  lo  degrees  F. 

battery,  the  lubricant  of  an  engine  at  these  low  tempera- 
tures has  a  greater  viscosity,  thereby  requiring  more 
power  to  break  away  and  turn  the  engine.  Then  again, 
it  is  more  difficult  to  vaporize  the  fuel  if  the  engine  is 
cold,  especially  if  the  grade  of  fuel  is  not  of  the  best 
quality  or  the  carbureter  adjustment  is  not  adapted  for 
this  quality  of  fuel. 

Within  the  past  few  years,  tests  have  been  made  on 
various  automobile  engines  by  placing  them  in  a  re- 
frigerator to  approximate  cold  weather  conditions. 
During  these  tests,  the  engine,  starter,  and  the  storage 
battery  were  placed  within  the  cooling  chamber  and  the 
temperature  lowered  the  desired  amount.  The  power 
required  to  start  the  engine  at  various  temperatures  was 
determined  as  indicated  in  Fig.  8.*  A  table  of  battery 
sizes  in  terms  of  the  piston  displacements  of  the  engine 
was  suggested  for  six  volt  starting  systems  having  a 
gear  reduction  between  the  starter  and  the  engine  ap- 
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0  Power  required  to  roll  engine. 
X  Power  required   for  brcakawaj'. 

proximately  equal  to  10  to  i.  These  battery  sizes  are 
indicated  in  Fig.  9  by  the  dotted  lines.  The  circles  in 
this  illustration  were  the  batteries  in  use  on  automobiles 
as  published  in  a  list  of  the  various  cars  at  the  time 
these  tests  were  summarized.     It  is  apparent  as  a  result 

*A  summary  of  these  tests  was  published  in  the  Journal 
of  the  Society  of  Automotive  Engineers,  February  1918. 


of  these  investigations  that  a  more  consistent  selection 
of  battery  sizes  is  necessary. 

An  attempt  was  recently  made  to  give  a  general 
expression  of  the  battery  size  for  any  starting  system 
on  passenger  cars  or  motor  trucks.  The  empirical 
formula  given  below  has  been  found  to  be  satisfactory 
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FIG.    g — BATTERY    SIZES    RECOMMENDED    FOR    VARIOUS    SIZE    ENGINES 

for  systems  where  the  starting  motor  is  a  single  unit 
and  is  applied  to  start  the  engine  by  meshing  a  pinion 
with  the  teeth  cut  in  the  flywheel  of  the  engine.  The 
size  of  battery  expressed  in  this  formula  is  stated  only 
for  average  temperature  conditions  at  lo  degrees  F. 

20   D    -{-    2000 

where 

AH  =  Ampere  hour  capacity  of  battery  at  five  ampere 
rate  at  80  degrees  F. 
D  =  Piston  displacement  of  engine  in  cubic  inches. 
V  =  Voltage  of  the  starting  system. 
R  =  Total  gear  reduction  between  the  starter  and 
the  engine. 

This  relation  is  purely  empirical,  as  the  variables 
are  too  numerous  to  calculate  the  proper  size  of  battery 
for  satisfactory  starting  at  low  temperatures.  As  there 
is  a  wide  divergence  in  the  design  and  manufacture  of 
the  various  automotive  engines,  each  application  should 
be  tested  separately  to  determine  the  power  that  is  re- 


FIC.    10 — KFl-TCIENXIES    OF   STARTING    SYSTEMS 

Starter  reduction  12  to  i. 

quired  to  start  the  engine  under  cold  weather  conditions. 
In  the  absence  of  such  data,  the  formula  given  above 
may  be  used  in  a  tentative  determination  of  battery 
size  for  a  new  installation. 

A  change  in  the  efficiency  curve  of  starting  motors 
was    suggested   at    the   time   that    the    tests   previously 
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mentioned  were  published.  This  suggestion  was  to 
change  the  characteristics  of  the  efficiency  curve  of  the 
starting  motor  so  as  to  increase  the  total  efficiency  of 
the  starting  system  for  cold  weather  conditions.  Fig. 
10  shows  the  range  of  efficiencies  of  various  sizes  of 
starting  motors.  These  efficiencies  were  taken  from 
curves  of  various  starting  motors,  and  a  gear  ratio 
of  12  to  I  between  the  motor  and  the  engine  was  as- 
sumed for  this  illustration. 

The  maximum  efliciency  of  the  average  of  these 
curves  is  obtained  at  about  115  r.p.m.  of  the  engine. 
In  the  investigations  on  the  characteristics  of  the  start- 
ing systems  at  low  temperatures,  the  range  of  cranking 
speeds  for  temperatures  at  or  below  10  degrees  F.  lay 
between  10  and  50  r.p.m.  Therefore,  an  increase  of 
the  starting  motor  efficiency  in  this  range  would  im- 
prove the  performance  of  the  whole  starting  system  at 
low  temperatures  when  the  maximum  efficiency  is  most 
essential.  The  proposed  curve,  shown  in  Fig.  10,  shews 
much  higher  efficiencies  from  10  to  50  r.p.m.,  the  speeds 

TABLE  I— TEMPERATURE  RISE  OF  BATTERIES 


Miles 
Run 

Am  ere -Hour 
Capacity 
of  Battery 

Temperature 

at  End  of  Hun 

Degrees  F. 

Temperature 

Rise 
Degrees  F. 

62 

155 

116 

26 

40 

86 

114 

24 

61 

90 

no 

20 

S8 
180 

35 
86 

lOI 

122 

n 
32 

50 
70 

75 

106 
go 
106 

"4 

108 
128 

24 
18 
38 

120 

no 

102 

12 
Average  23 

encountered  at  low  temperatures,  a  condition  under 
which  the  battery  capacity  is  reduced  about  50  percent. 
The  cranking  speeds  at  normal  temperatures  necessarily 
will  be  reduced,  but  still  will  be  higher  than  those  se- 
cured at  low  temperatures  when  all  the  conditions  are 
much  less  favorable  for  starting.  The  increase  in  bat- 
tery capacity  at  normal  temperatures  will  more  than 
offset  this  decrease  in  the  starting  motor  efficiency. 
The  result  of  this  change  would  be  a  more  uniform 
efficiency  curve  for  the  whole  starting  system  through- 
out the  entire  range  of  cranking  speeds  and  tempera- 
ture variations. 

The  suggested  change  can  be  made  by  increasing 
the  gear  reduction  between  the  engine  and  the  starting 
motor — perhaps,  by  an  intermediate  reduction  of  1.5 
or  2  to  I — or  possibly  a  change  in  the  design  of  the 
starter  itself  will  accomplish  this  result.  If  a  double 
gear  reduction  is  used,  the  design  of  the  starting  motor 
must  be  made  so  that  the  armature  has  an  acceleration 
that  does  not  allow  the  starting  pinion  to  fall  out  of 
mesh  with  the  teeth  on  the  flywheel. 

CHARGING 

Excessive  charging  overheats  a  battery  and  is  de- 
trimental because  it  loosens  the  active  materials  from 
the  framework  of  the  plate  and  also  chars  the  insula- 


tion between  the  plates,  when  wood  separators  are  used 
for  this  purpose.  Fig.  11  shows  the  heating  curves  of 
batteries  tested  in  a  laboratory  at  various  rates  of  cur- 
rent. It  will  be  noticed  that  all  the  rates,  except  the 
lowest,  cause  the  temperatures  to  rise  above  1 10  degrees 
F.  in  less  than  six  hours  time.  A  slightly  higher  charg- 
ing rate  than  the  minimum  current  shown  in  this  figure 
may  be  used  to  charge  a  battery  on  a  car,  because  the 
temperature  is  lowered  somewhat  by  the  agitation  of  the 
electrolyte  in  the  battery  when  the  car  is  in  motion. 
Charging  rates  much  in  excess  of  this  minimum,  how- 
ever, will  overheat  the  battery,  especially  when  the  car 
is  on  a  long  tour.  The  table  in  Fig.  11  also  gives  the 
start  and  finish  rates  of  current  for  charging  any  size 
of  battery  when  it  has  become  discharged. 
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— TEMPERATURE    RISE   OF    AUTOMOTIVE    BATTERIES 

While  overcharging  at  various  rates. 
CHARGING  RATES 


Battery 

Name  Plate     1 

Size 

Ampere- 

Hours 

Start 

Finish 

49 

5.2 

5.7 

6.4 

7.2 

8.3 

8.0 

2.5 

69 

6.9 

7.6 

8.5 

9.6 

11.1 

10.0 

3.5 

90 

8.5 

9.4 

10.5 

11.9 

13.8 

13.0 

4.5 

111 

10.1 

11.3 

12.6 

14.4 

16.7 

15.5 

5.0 

132 

12.0 

13.2 

14.8 

16.8 

19.4 

18.0 

6.0 

153 

13.7 

15.1 

16.8 

19.2 

22.2 

20.5 

7.0 

174 

15.4 

17.0 

19.0 

21.6 

25.0 

23.0 

7.5 

196 

17.1 

18.9 

21.1 

24.0 

27.8 

26.0 

8.5 

215 

18.8 

20.8 

23.2 

26.3 

30.5 

28.0 

9.5 

20.6 

22.7 

25.4 

28.7 

33.3 

30.5 

10.0 

22.2 

24.5 

27.4 

31.1 

36.1 

33.0 

11.0 

24.8 

26.4 

29.5 

33.5 

38.9 

35.5 

12.0 

The  temperatures  of  batteries  on  nine  different  cars 
at  the  end  of  a  run  made  in  Cleveland,  Ohio,  during  the 
month  of  July  are  given  in  Table  i.  The  mean  tem- 
perature of  the  day  on  which  these  results  were  taken 
was  90  degrees  F.  The  average  temperature  for  the 
three  summer  months  in  the  southern  part  of  this 
country  is  several  degrees  higher  than  90  degrees  F. 
An  increase  of  23  degrees  F.,  the  average  temperature 
rise  of  the  batteries  in  these  tests,  over  the  air  tempera- 
ture in  these  localities  will  result  in  temperatures  in  ex- 
cess of  no  degrees  F.  for  the  battery.  The  necessity 
of  charging  the  battery  at  as  low  a  rate  as  possible  's 
apparent  from  these  results. 

All  batteries  should  be  kept  as  nearly  fully  charged 
as  possible,  but  the  rate  of  charge  must  not  be  exces- 
sive. Some  cars  are  used  for  long  hauls  where  very 
few  starts  are  required.  Others  are  used  at  times,  es- 
pecially in  the  winter,  when  the  demand  for  lights  and 


138 


THE    ELECTRIC    JOURNAL 


frequent  starts  is  above  the  average,  and  w^hen  day- 
light driving,  the  time  the  battery  charge  can  be  re- 
stored, is  at  a  minimum.  A  physician's  car  is  required 
to  make  many  starts,  but  the  interval  of  time  for  charg- 
ing the  battery  between  these  starts  is  comparatively 
small.  The  problem  of  determining  the  proper  rate  of 
charge  for  automobile  batteries  is  a  difficult  one.  A 
charging  rate  that  will  be  satisfactory  for  a  short-haul 
many-stop  car  will  overcharge  a  battery  on  a  long-haul, 
few-stop  tour. 

Sometime  ago,  the  characteristic  curve  shown  in 
Fig.  12  was  suggested  for  the  generating  systems  that 
supplied  the  charge  to  the  storage  battery.  In  cases 
where  this  characteristic  curve  was  adopted,  the  results 
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FIG.    12 — CURVES     OF    GENERATOR     OUTPUT    FOR    CHARGING     STORAGE 
BATTERIES   AT  VARIOUS   CAR   SPEEDS 

Curves  represent  actual  current  input  to  battery  when  the 
generator  is  hot.  If  battery  ignition  is  used,  the  generator 
must  produce  this  extra  current,  a — Best  generator;  fe— Satis- 
factory; f— Fair;  (/—Dangerous;  ('—Impractical;  /—Must  not 
be  exceeded  continuously  at  any  point  or  overheating  in  summer 
will  occur;  fl— Highest  point  for  generators  with  straight  out- 
put curves;  /i— Curve  for  generator  with  a  slightly  sloping 
characteristic ;  /—Cutting  in  allowance  for  a  and  b. 

have  been  found  to  be  more  satisfactory  than  those  of  a 
system  where  a  rising  characteristic  is  used  or  where 
the  charging  current  is  constant  for  all  car  speeds.  The 
short-haul,  many-stop  driver  usually  travels  from  12  to 
18  miles  per  hour  and  the  charging  rates  for  these  car 
speeds,  as  shown  in  Fig.  12,  keeps  the  battery  fully 
charged.  On  the  other  hand,  the  driver  making  few 
starts  and  touring  30  or  more  miles  per  hour  does  not 
overheat  his  batteiy  at  these  rates  of  current.  Any 
type  of  regulation — third  brush,  bucking  series  field, 
thermostatic  control,  potential  regulator,  etc., — that  is 
used  to  vary  the  generator  current  as  the  speed  of  the 
car  changes,  should  be  satisfactory  for  charging  the 
storage  battery  if  the  curve  and  values  of  current  shown 
in  Fig.  12  are  delivered  to  the  battery  under  normal 
operating  conditions, 

INSTALLATION 

One  of  the  most  important  considerations  for  the 
location  of  a  storage  battery  is  that  it  be  accessible  for 


inspection.  If  this  point  is  not  considered,  the  batterv 
probably  will  not  receive  the  proper  attention.  A 
strong,  rigid  mounting  on  the  frame  of  the  automobile 
underneath  either  the  front  seat  or  the  floor  boards  of 
the  car  has  been  found  to  be  a  satisfactory  location  for 
the  battery.  The  running  board  is  used  sometimes  for 
this  purpose,  especially  on  motor  trucks,  and  from  a 
standpoint  of  accessibility,  this  probably  is  the  best 
location  for  the  battery.  The  vibration,  however,  in 
this  place  is  much  more  severe  than  if  the  battery  were 
underhung  from  the  frame  or  placed  underneath  the 
seat.  On  the  running  board,  too,  it  is  subjected  to  other 
abuses  and  should,  therefore,  be  enclosed  for  protection 
in  a  strong  metal  box,  which  can  be  opened  readily. 

The  battery  leads  should  be  sufficiently  long  so 
that  there  is  no  pull  on  any  of  the  battery  parts.  If 
no  allowance  is  made  for  extra  length  of  battery  con- 
nections, the  wires  will  pull  on  the  battery  terminals, 
when  the  car  is  in  motion,  and  the  battery  will  be 
damaged. 


FIG.    13 — METHOD  OF   MOUNTING  A   BATTERY   ON   TRUCKS 

A  Storage  battery  used  on  a  truck  or  tractor  should 
be  installed  preferably  on  a  more  flexible  mounting  than 
that  commonly  employed  on  automobiles.  Spring  sus- 
pensions have  been  used  for  mounting  storage  batteries 
in  such  cases.  A  type  of  mounting  of  more  recent 
origin,  which  has  been  found  to  be  superior  to  the  spring 
type  of  mounting,  is  shown  in  Fig.  13.  The  battery  is 
placed  on  cylindrical,  rubber  cushions  and  each  hold- 
down  member  over  the  handles  of  the  battery  contains 
a  small  helical  spring  to  take  the  slight  rebound  of  the 
battery.  A  sheet  metal  cover  that  can  be  removed 
easily  completes  the  installation  and  gives  the  battery 
the  proper  protection.  The  life  of  a  battery  that  is 
installed  in  this  manner  should  be  increased  consider- 
ably over  the  life  of  one  mounted  rigidly. 

RECENT  DEVELOPMENTS 

One  of  the  latest  developments  in  the  storage  bat- 
tery art  has  been  the  use  of  threaded  rubber  insulation 
in  place  of  wooden  separators  in  starting  and  lighting 
batteries.  Service  records  show  that  the  average  life 
of  a  wood  insulated  starting  and  lighting  battery  varies 
from  18  to  24  months.  In  most  cases,  it  has  been  nec- 
essary to  re-insulate   the  battery  with   new  separators 
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in  order  to  obtain  this  life.  Tiie  action  of  heat  on  the 
wood  separator  causes  it  to  carbonize,  so  that  the  separ- 
ator ceases  to  be  a  perfect  insulator  and  also  becomes 
weak  mechanically.  A  perforated  sheet  of  hard  rubber 
is  sometimes  used  to  supplement  the  wood  separator. 
The  effect  of  this  double  insulation,  however,  is  a  de- 
crease in  the  voltage  that  is  available  for  starting  the 
engine,  as  shown  by  the  curves  in  Fig.  14.  This  efrect 
at  low  temperatures  is  even  more  marked  than  at  70  de- 
grees F. 

The  threaded  rubber  insulator  obviates  the  nec- 
essity of  using  a  double  insulation  between  the  plates 
of  the  battery.  The  structure  of  this  insulation  is  hard 
rubber,  which  is  perforated  with  thousands  of  minute 
holes,  each  hole  containing  a  tiny  thread  which  pre- 
vents the  passage  of  the  active  materials  from  one  plate 
to  the  other,  and  also  aids  the  diffusion  of  the  acid,  in 
that  it  acts  like  a  wick  in  the  acid.  The  voltage  of  a 
battery  using  threaded  rubber  insulation  is  slightly 
greater  than  that  obtained  from  the  same  type  of  battery 
using  wood  separators. 
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FIG.    14 — COMPARISON    OF   BATTERY    WITH    WOOD    SEPARATORS 

With  one  using  both 'wood  and  hard  rubber  sheets  as  in- 
sulation at  a  discharge  rate  of  170  amperes,  70  degrees  F. 

One  of  the  common  causes  of  battery  failure  is 
overheating.  This  overheating  buckles  the  plates  of  the 
battery,  weakens  the  wood  separators,  and,  in  time, 
causes  the  corners  or  the  edges  of  the  plates  to  wear 
through  the  wood  and  short-circuit  the  battery  element. 
In  the  manufacture  of  a  threaded  rubber  insulator,  a 
thick  hard  rubber  rib  is  attached  to  each  edge  of  the 
insulator.  This  re-enforcement  of  solid  rubber  will 
lengthen  the  life  of  a  battery  considerably. 

Within  the  past  two  years,  a  more  rugged  type  of 
storage  battery  has  been  developed  and  built  for  truck 
and  tractor  service.  This  type  of  battery  was  first 
used  on  Class  B  and  other  government  trucks  that  were 
used  for  transport  service  during  the  war.  In  the  man- 
ufacture of  this  battery,  extra  heavy  plates  11-64  inch 
in  thickness  are  used  and  are  insulated  with  heavy 
threaded  rubber  insulators.  The  thickness  of  the  hard 
rubber  jars  used  in  this  type  of  batter}'  is  increased 
50  percent  over  that  used  in  the  automobile  type  of 
battery,  and  the  material  used  in  their  manufacture  is 


required  to  meet  rigid  specifications  of  tensile  strength 
and  percentage  of  elongation.  The  case  containing  the 
cells  is  made  of  extra  heavy  hardwood,  the  sides  being 
fastened  together  by  means  of  two  long  bolts  between 
the  cells.  The  five  second  voltages  of  the  various  sizes 
of  this  type  of  battery  at  10  degrees  F.  are  shown  in 
Fig.  15. 

In  the  development  of  this  type  of  battery,  a  vibrat- 
ing platform  was  used  to  approximate  the  severest  ser- 
vice conditions.  The  battery  was  fastened  to  this 
platform  rigidly  without  the  use  of  rubber  cushions  or 
spring  suspensions.  A  four  point  cam  was  arranged 
to  drop  this  platform  on  a  solid  anvil  at  a  speed  of  560 
vibrations  per  minute.  In  a  test  of  30  hours  duration, 
the  battery  was  subjected  to  approximately  one  million 
vibrations.     It  was  necesary   for  the  battery  to  with- 
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FIG.    15 — FIVE-SECOND   VOLTAGE   CURVES 

Of  heavy  duty  types  of  truck  and  tractor  batteries  at  high 
rates  of  discharge  at  10  degrees  F. 

stand  this  test  without  any  failure  before  the  final  con- 
struction was  approved  as  satisfactory  .for  the  service 
for  which  it  was  desired. 

No  improvement  in  the  construction  of  a  storage 
battery  can  be  made  that  will  be  a  "cure-all"  for  its  in- 
ability to  function  properly  if  the  battery  is  not  given 
the  proper  care.  A  storage  battery  is  electro-chemical 
in  its  action  and  a  few  simple  rules  in  regard  to  the 
care  of  a  battery  must  be  observed  in  order  to  have  the 
battery  give  satisfactory  service.  If  these  directions, 
as  stated  by  the  storage  battery  manufacturer,  are  fol- 
lowed carefully,  an  appreciable  time  will  be  added  to 
the  life  of  a  battery  i:i  service. 


'Sor  Airolane  Wifeless  Tol'o'raoh  ^Sois 


A.  Nyman 


IN  THE  latter  part  of  1917  the  Signal  Corps  of  the 
United  States  Army  undertook  the  development 
of  a  wireless  telegraph  spark  set  for  use  on  observa- 
tion airplanes  for  controlling  artillery  fire.  The  main 
requirements  of  the  set  are  lightness,  compactness  and 
reliability.  The  scheme  finally  adopted,  consisted  of 
the  following  parts: — 

I — A  coo  cycle  generator  driven  by  a  constant  speed  pro- 
peller and  mounted  on  the  landing  gear  of  the  airplane. 
2 — A  900  cycle  transformer  charging  a  condenser  to  a  pres- 
sure from  7500  to  15  000  volts. 
3 — A  high-frequency  oscillation  circuit,  consisting  of  the 
above  condenser,  a  synchronous  rotary  spark  disc 
mounted  on  the  shaft  of  the  generator,  an  oscillation 
transformer,  a  loading  coil  (or  variometer)  and  the 
antenna. 


FIG.    I — WIND-DRIVEN    R.\DIO    GENERATOR    SET 

Mounted  on  the  landing  gear  of  an  airplane.  The  regulat- 
ing air  fan  is  equipped  with  a  centrifugal  governor  which 
changes  the  pitch  of  the  blades  to  produce  approximately  con- 
stant generator  speed,  regardless  of  the  air  speed. 

Of  these  parts  only  the  variometer  and  the  antenna 
were  mounted  in  the  body  or  fuselage.  All  the  other 
parts  were  mounted  on  the  landing  gear.  Auxiliary 
parts  were  assembled  within  a  stream  line  cover  and 
attached  to  the  rear  end  of  the  generator.  This  stream 
line  cover  was  moulded  out  of  micarta  duck  in  prefer- 
ence to  metal  on  account  of  the  high  frequency  oscil- 
lations taking  place  inside.  The  generators,  rotary 
spark  gaps  and  the  micarta  tail  covers  were  manufac- 
tured by  the  Westinghouse  Electric  &  Mfg.  Company. 
The  remaining  parts  and  the  final  assembly  were  com- 
pleted by  the  International  Radio  Telegraph  Company. 
The  sets  were  mounted  on  the  planes  by  the  Air  Ser- 
vice. 

A  large  number  of  these  sets  have  been  built  and 
put   into    service.     Manufacturing    facilities    for   large 


scale  production  were  developed,  and  extensive  tests 
were  carried  out,  both  in  the  shop  and  in  the  field  to 
secure  the  best  product  and  the  best  operation.  A  range 
of  50  to  100  miles  is  generally  possible  with  this  set 
Anotlier  set  has  been  built  with  a  range  up  to  150  miles, 
and  a  set  for  still  longer  range  has  been  contemplated. 
This  article  deals  chiefiy  with  the  design  of  the  gener- 
ator and  the  operation  of  the  power  supply  circuits. 

CONSTRUCTION 

The  construction  of  the  generator  is  shown  in  Figs. 
3  to  6.  Two  aluminum  brackets  enclose  a  narrow  iron 
frame  (stator)  built  up  of  punchings  of  especially  thin 
sheet  steel  (0.004  to  0.005  ^"O-  This  thin  sheet  steel 
is  used  in  order  to  reduce  the  iron  loss  in  the  parts  of 
the  circuit  carrying  high  frequency  magnetic  flux. 
Similar  steel  is  used  for  the  rotor  punchings. 


FIG.    2 — DETAIL  VIEWS  OF  RADIO  TRANSJIITTER  FARTS 

The  rotor  is  supported  on  ball  bearings,  front  and 
rear,  and  carries  a  small  commutator.  Four  brushes, 
in  aluminum  brushholders,  are  mounted  permanently  in 
the  rear  or  commutator  bracket.  Access  to  the  bru.'^hes 
is  gained  through  openings  in  the  front  of  the  bracket 
covered  normally  with  an  aluminum  ring. 

The  method  of  assembly  and  holding  the  stator  and 
rotor  punchings  is  noteworthy.  The  rotor  punch- 
ings have  one  micarta  punching  on  each  side  and 
are  held  securely  between  two  steel  washers.  A  simi- 
lar construction  could  not  be  conveniently  applied  to 
tlie  stator  punchings,  but  fibre  punchings  placed  on  the 
ends  are  held  together  by  six  copper  rivets,  and  six 
brass  studs  hold  the  punchings  to  the  rear  or  commu- 
tator bracket.  The  front  bracket  is  then  attached  by 
means  of  screws  to  the  above  studs.  Some  difficulty 
was  experienced  in  keeping  the  punchings  flat.  The 
small  air-gap  (o.oio  inch)  would  be  completely  closed 
up  on  tightening  the  punchings  to  the  bracket.  A  spe- 
cial expanding  mould  and  pressing  tools  were  used  to 
avoid  this  difficulty. 
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With  the  self-excited  inductor  type  design  used, 
the  length  of  the  air-gap  played  a  great  part  in  deter- 
mining the  voltage  output  of  the  machine.  The  air- 
gap  had  to  be  held  within  narrow  limits.  Great  care 
was  also  exercised  in  centering  the  stator  and  the  ball 
bearing  seats  in  order  to  give  a  uniform  gap  all  around. 
In  passing  the  machine  through  tests,  a  voltage  range 
on  individual  machines  of  five  volts  above  and  below 
the  normal  at  4500  r.p.m.  was  secured  without  adjust- 
ment; i.e.  by  manufacturing  accuracy  only. 

The  rotor  winding  fills  only  a  very  small  portion 
of  the  rotor  slot.  This  winding  has  to  carry  only  the 
small  exciting  current.  The  stator  windings  consist  of 
a  continuous  alternating-current  winding  embracing  the 
individual  teeth  on  the  stator.  This  is  hand  wound.  A 
field  winding  of  four  coils  is  placed  around  each  group 
of  four  teeth.  These  coils  are  machine  wound  and 
forced  into  place  in  a  special  fixture  designed  not  to 


FIG.   3 — STATOR   PARTS  OF  SELF-EXCITED   INDUCTOR  GENERATOR 

Showing  the  stator  mounted  in  the  rear  bracket;  the  field 
coils  and  the  high  frequency  winding;  also  the  brush  mounting 
and  the  protective  condenser. 

distort  the  rather  flexible  iron  fraine.  They  are  held 
securely  by  fibre  wedges. 

The  micarta  duck  tail  piece  is  a  unique  product  of 
its  kind.  The  wall  is  only  one-sixteenth  inch  thick,  yet 
its  strength  is  not  sacrificed  to  its  lightness.  Treated 
duck  is  cut  to  conform  to  the  final  shape,  stitched  to- 
gether and  molded.  The  mold  required  extremely  fine 
machining.  Uniform  thickness  must  be  obtained  while 
its  surface  must  conform  to  a  stream  line  design.  The 
outside  mold  consists  of  three  sections.  The  inside 
mold  is  one  piece. 

The  protective  condenser.  Fig.  2,  is  made  of  im- 
pregnated paper  and  tinfoil  embedded  in  micarta  com- 
pound. Terminals  are  formed  by  molded-in  metal  in- 
serts. The  condenser  serves  to  protect  the  winding 
from  excessive  high  voltage  and  high  frequency  surges. 

The  rotary  spark  disc  consists  of  a  brass  disc 
molded  on  a  bushing.  Its  rim  carries  a  number  of 
spark  points   (24,   12  etc.)   which  determine  the  num- 


ber of  sparks  per  revolution.  Much  attention  was 
given  to  secure  close  limits  in  axial  and  radial  dimen- 
sions, careful  machining  and  molding  being  essential. 

The  manufacture  of  both  the  generator  and  the 
various  parts  gave  rise  to  a  number  of  problems  of  pro- 


FIG.    4 — ROTOR    OF    SELF-EXCITKD    INDUCTOR    TYPE    ALTERNATOR 

Showing  the  wide  open  slots,  the  teeth  acting  as  inductors 
and  the  small  direct  current  winding  in  the  bottom  of  the  slots 
connected  to  the  commutator. 

duction.  The  problems  confronted  had  to  be  faced  and 
solved  in  an  extremely  short  time.  The  success  at- 
tained was  largely  due  to  the  close  co-operation  and  the 
unlimited  manufacturing  facilities  offered  by  a  large  in- 
dustrial establishment. 

THEORY   OF   OPERATION    OF   GENERATOR 

The  stator  and  rotor  punchings  and  the  windings 
on  them  are  shown  diagramatically  in  Fig.  7.  The  sta- 
tor consists  of  four  groups  of  four  teeth  each.  The 
teeth  are  spaced  one  twenty-fourth  of  the  circumfer- 
ence apart ;  two  teeth  being  omitted  between  each  group. 
Each  group  constitutes  a  stationary  magnetic  pole,  and 
carries  an  encircling  field  winding  to  which  direct  cur- 
rent is  supplied  from  the  rotor.  The  rotor  is  wound  as 
a  four-pole  direct  current  armature  to  supply  current 
for  the  above  field  winding.  High  frequency  alternat- 
ing-current is  excited  in  a  separate  winding.  This  wind- 
ing consists  of  coils  encircling  individual  stator  teeth 
and  connected  in  series  as  described  below. 

The  twelve  teeth  of  the  rotor  have  a  pitch  just 
double  that  of  the  stator  teeth  and  the  slots  in  between 
are  very  wide,  the  opening  being  greater  than  the  stator 


FIG.    5 — GENERATOR    ASSEMBLED 

With  spark  gap  disc  mounted  on  shaft  and  tail  cover  removed, 
pitch.  For  a  certain  position  of  the  rotor,  as  shown  in 
Fig.  7,  one-half  of  the  stator  teeth  oppose  the  rotor 
teeth,  and  the  other  half  oppose  the  rotor  slots.  Fig.  8 
illustrates  the  motion  of  the  magnetic  flux  as  the  rctor 
travels  the  length  of  one  rotor  tooth  pitch.     Each  half. 
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A  and  B,  of  the  llux  follows  its  individual  rotor  tooth 
i?2  and  /?!  respectively,  until  a  new  rotor  tooth  R^  ap- 
proaches this  particular  group  of  stator  teeth.  Then 
the  flux  A  moves  aci'oss  to  /?,  and  flux  B  to  7?,.     On 


all  rotor  teeth  shifts  at  the  same  time  and  follows  along 
at  the  same  time.  The  direct-current  voltage  gener- 
ated in  the  rotor  varies  from  zero  to  double  the  aver- 
age, during  each  cycle  of  the  alternating-current.     The 
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FIG,    6 — SECTIONAL    VIEWS     THROUGH     QOO    CYCLE,     120    VOLT,    45OO    R.P.M.     INDUCTOR    TYPE 
ALTERNATING-CURRENT   GENERATOR 

the  Stator  the  flux  A  has  meanwhile  traveled  from  7\  to 
T2  and  back  again,  and  flux  B  has  traveled  from  T^  to 
T^  and  back  again,  each  accomplishing  a  complete  cycle. 
The  windings  surroimding  an  individual  tooth  will  be 
subject  to  variations  in  the  magnitude  of  flux  which  it 
encircles.  While  the  flux  in  Tj  and  T^  is  decreasing 
the  flux  in  T,  and  T^  will  be  increasing.  It  will  be 
seen,  therefore,  that  the  coils  on  consecutive  teeth  must 
be  wound  in  opposite  directions,  as  shown  in  Fig.  7. 
Since  a  decrease  in  the  flux  in  one  direction  (say  north 
flux)  is  equivalent  to  an  increase  in  the  flux  in  the  op- 
posite direction  (south  flux)  the  voltages  induced  in  the 
coils  of  one  group  are  in  opposite  direction  to  the  volt- 
ages induced  in  the  next  group.  Thus  the  whole  wind- 
ing on  consecutive  groups  must  be  reversed. 


FIG.  8 — DIAGRAM  SHOWING  THE  MOTION 
OF  THE  MAGNETIC  FLUX  DURING  ONE 
CYCLE    OF    THE    ALTERNATING    CURRENT 

The  flux  follows  the  rotor 
teeth  from  Ti  to  T2  and  then  crosses 
the  rotor  slot  from  i?.  to  Ri  while 
returning  from  T2  to  Ti.  Thus  the 
stator  slots  pass  through  alternating 
pulses  while  the  rotor  slots  are  sub- 
ject to  unidirectional  pulses. 


oscillogram  in  Fig.  10  illustrates  the  direct-current  and 
alternating-current  voltages.  The  field  current  has  only 
a  slight  ripple,  as  the  high  inductance  dampens  out  the 
pulsations. 

WintJing 


FIG.    7 — I'UNCHING   DIAGRAMS 

Showing  the  relation  of  the  rotor  teeth  and  slots  to  the 
stator  teeth.  The  four  groups  of  stator  teeth  form  the  four 
stationary  magnetic  poles  with  a  direct  current  field  winding 
around  each.  The  high-frequency  winding  surrounds  the  in- 
dividual teeth,  consecutive  coils  being  wound  in  opposite  direc- 
tions. 

The  fact  that  the  flux  follows  the  rotor  teeth 
until  the  next  rotor  tooth  approaches  the  particular  pole 
(Fig.  8),  will  affect  the  voltage  that  may  be  excited  in 
the  rotor  winding.     It  will  be  noticed  that  the  flux  in 


FIG.    9— PUNCHING   DIAGRAM    WITH    MODIFIED   WINDING   TO   PREVENT 
DEMAGNETIZING    OF    FIELD 

The  heavy  copper  dampers  surrounding  each  pole  minimize 
sudden  changes  of  flu.x.  The  two  high  frcquencv  alternating 
current  windings  surrounding  alternate  teeth  and  connected  in 
parallel,  greatly  reduce  the  armature  reactance. 

In  order  to  obtain  a  definite  voltage  on  a  self-ex- 
cited machine,  magnetic  saturation  must  be  introduced 
in  some  part  of  the  magnetic  circuit.  The  usual  satur- 
ation of  rotor  or  stator  teeth  must  be  avoided,  as  it 
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would  cut  down  the  alternaling  voltage  more  than  it 
would  the  direct-current  voltage.  Variations  of  flux  at 
great  density  would  increase  the  iron  losses  consider- 
ably. The  magnetic  path  between  the  poles  is,  therefore, 
restricted  in  two  places  by  rivet  or  stud  holes,  as  shown 
in  Fig.  7,  copper  rivets  or  brass  studs  being  used.     The 


Zero  Line  of  B.C.  Voltage        H      Zero  Una  of  B.C.  Voltage 


Zero  Line  of  Field  Current      ■      Zero  Line   cf  Field  Cw 


FIG.    10 — OSCILLOGRAM  OF  NO- 
LOAD    CONDITIONS 

Although  the  direct-cur- 
rent voltage  pulsates  the  in- 
ductance of  the  field  keeps 
the  field  current  nearly  con- 
stant. 


FIG.    II — OSCILLOGRAM  OF  NO- 
LOAD     CONDITION     WITH 
DAMPER  WINDINGS  AND 
DAMPER 

The  increased  pulsations 
of  the  field  current  are 
caused  by  the  fact  that  the 
damper  carries  the  differ- 
ence in  magnetizing  cur- 
rent. 

resulting  high  flux  density  in  the  restricted  path,  even 
though  it  be  very  short,  gives  the  necessary  saturation 
characteristics.  The  total  flux  passing  through  this 
part  of  the  circuit  is  constant,  except  due  to  the  small 
pulsations  in  the  magnitude  of  the  field  current.  The 
iron  losses  due  to  high  saturation  are,  therefore,  mini- 
mized. 

A  definite  picking  up  of  voltage  is  a  requirement 
stipulated  for  this  generator.  It  was  found  that  a  resi- 
dual magnetization  of  about  2.5  percent  existed  with 
the  original  type  of  construction.  This  gave  a  practi- 
cally definite  operation.  The  extremely  few  occasions 
of  failure  made  it  necessary,  however,  to  introduci-  a 
flashing  battery.  In  case  the  machine  did  not  pick  up 
current  from  the  battery  was  passed  for  a  short  inter- 
val of  time  until  the  voltage  built  up. 


or  strengthens  the  field.  To  ensure  a  large  amount  of 
residual  magnetization  and  a  definite  picking  up  the 
following  changes  were  introduced;  first,  a  copper 
damper  was  placed  around  each  complete  group;  sec- 
ond, the  winding  was  split  into  two  independent  cir- 
cuits as  in  Fig.  9,  each  circuit  containing  coils  on  alter- 
nate teeth,  and  the  two  circuits  being  placed  in  parallel. 
For  tlie  position  of  the  rotor  shown  in  Fig.  9,  one  cir- 
cuit will  include  coils  opposing  the  rotor  teeth,  the  other 
circuit,  the  coils  opposing  the  rotor  slots.  The  coils  op- 
posing the  rotor  teeth  are  those  which  will  exercise 
large  armature  reaction.  They  will  also  have  a  higher 
reactance  than  the  coils  in  the  other  circuit.  A  smaller 
proportion  of  current  will  go  into  the  former  coils  rnd 
the  armature  reaction  will  be  reduced.  The  improve- 
ment due  to  each  of  these  changes  was  about  equal. 
With  both  changes  the  residual  magnetization  under  the 
worst  surge  conditions  could  not  be  reduced  below  one 
percent.  Doubling  the  direct-current  voltage  further 
ensured  the  picking  up,  so  that  with  this  latter  type  of 
construction  the  flashing  battery  was  omitted.  The  os- 
cillogram shown  in  Fig.  11  was  taken  with  the  new 
winding.      The  field  current  can  be  seen  to  have  larger 


COMPLETE    CIRCUIT    DIAGRAM 


It  was  found  that  current  surges  from  the  high 
frequency  circuit  affected  the  residual  magnetization. 
Any  current  flowing  through  the  alternating-current 
winding  at  the  moment  the  rotor  is  placed  as  in  Fig.  7, 
exercises  an  armature  reaction  which  either  weakens 
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FIG.    13 — VOLTAGE  REGULATION   IN   THE   POWER   CIRCUIT 

The  resonance  point  of  the  circuit  is  below  the  operating 
frequency.  A  decrease  in  speed  gives  a  smaller  generator 
voltage  but  increased  resonance;  hence  the  condenser  voltage 
is  nearly  constant. 

pulsations  than  in  Fig.  10.     The  copper  damper  carries 
the  difference  in  the  magnetizing  current. 

OPERATION   OF   SET 

The  full  connections  of  the  set  are  shown  in  Fig. 
12.     There  are  essentially  five  circuits  as  follows: — 

I — The  direct-current  exciting  circuit  consisting  of  the 
rotating  armature  through  the  brushes,  and  field  switch 
to  the  field  windings  on  the  stator,  as  shown  in  Fig.  3. 

2 — The  alternating-current  low-tension  900  cycle  circuit 
consisting  of  the  high-frequency  winding  on  the  stator 
with  a  protective  condenser  shunted  across  it,  through 
a  lead  common  to  the  direct-current  armature  to  a 
junction  box  and  from  there  to  a  number  of  ke3'S, 
each  shunted  by  winker  lights.  The  keys  may  be  lo- 
cated in  the  various  parts  of  an  airplane.  The  winker 
lights  indicate  whether  the  set  is  in  operating  condi- 
tion, and  whether  anyone  in  the  plane  is  using  the  set 
at  the  same  time.  The  other  side  of  the  keys  is  con- 
nected to  the  low-tension  side  of  the  transformer,  and 
from  there  back  to  the  stator  winding. 

3 — The  high-tension  goo  cycle  charging  circuit.  One  side 
of  this  circuit  is  grounded  to  the  transformer  core  and 
from  there  to  the  framework  of  the  airplane.  The 
other  side  is  connected  to  a  power  condenser.  The 
power  condenser  is  connected  through  the  primary  of 
an  oscillation  transformer  to  ground.  Thus  the  high- 
tension  winding  is  charging  the  condenser  through  the 
ground  connection. 

4 — The  condenser  discharge  circuit.  On  one  side  the  con- 
denser is  connected  through  the  primary  of  the  oscilla- 
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tion  transformer  to  ground ;  on  the  other  side  to  the 
stationary  spark  point.  The  stationary  spark  point  is 
mounted  on  an  insulated  support  above  the  rotary 
spark  disc,  which  is  grounded  through  a  pair  of 
brushes.  The  spark  disc  is  insulated  from  the  shaft 
so  that  no  discharge  current  is  allowed  to  pass  to  the 
rotor  and  through  the  ball  bearings  to  ground. 
5 — The  secondarj'  oscillation  circuit  or  antenna  circuit. 
The  secondary'  of  the  oscillation  transformer  is 
grounded  on  one  side.  On  the  other  side  it  is  con- 
nected through  the  variable  inductance  or  variometer 
and  an  ammeter  to  the  antenna.  The  ground  in  each 
case  is   formed  by  the  metal  parts  of  the  airplane. 


FIG.    14 — VARI.\TION      OF      CONDENSER      VOLTAGE      WITH      DIFFERENT 
SPARK   GAP   DISCS 

With  no  discharge  the  voltage  rises  from  the  first  to  t^ie 
fourth  half  cycle.  Discharges  occur  every  half  cycle  with  the 
24  spark  disc;  and"  every  second,  third  and  fourth  half  cycle 
with  the  12,  8  and  6  spark  gap  disc  respectively. 

Certain  features  of  the  design  of  the  transformer 
and  the  setting  of  the  gap  affect  the  operation  of  the  set 
and  the  capacity  of  the  generator.  Three  conditions 
must  be  met  in  operating  the  set,  as  follows : — 

I — With  varying  speed  the  output  should  be  approximately 

constant. 
2— With  different  spark  discs  the  output  should  be  approxi- 
mately the  same  in  each  case. 
3— The  note  must  be  good  in  all  cases. 

The  charging  circuit  is  operated  near  the  resonance 
point.  The  transformer  and  generator  reactance  are 
arranged  to  give  resonance  with  the  power  condenser 
at  a  frequency  a  Httle  below  900  cycles.     As  the  speed 


FIG.    15 — rOSITION  OF  STATIONARY  SPARK  POINT  FOR  BEST  OPERATION 

A  rising  voltage  as  indicated  by  the  points  Ai,  A  and  A.. 
in  Fig.  14  corresponds  to  a  decreasing  distance;  hence  a  definite 
time  of  sparking  results. 

falls  the  generator  voltage  decreases.  At  the  s.-'.me 
time  the  circuit  approaches  the  resonance  condition. 
The  ratio  of  voltage  on  the  condenser  to  the  generated 
volts  is,  therefore,  greater,  while  the  actual  value  of 
condenser  voltage  is  practically  constant.  This  i?  il- 
lustrated in  Fig.  13,  and  fulfills  the  first  condition. 


There  are  five  dift'erent  interchangeable  spark  gap 
discs  which  serve  to  produce  five  different  wave  train 
frequencies.  Each  frequency  results  in  a  distinctive 
note  in  the  receivers.  A  24  spark  disc  will  give  a  dis- 
charge of  the  condenser  every  half  cycle,  a  12  spark 
disc  every  other  half  cycle,  etc.  The  following  discs 
are  used: 

X'umber  of  points  —  24     Frequency  of  note  obtained  1800. 

^^Jumber  of  points  —  12     Frequencj'  of  note  obtained    900. 

Number  of  points  —    8     Frequency  of  note  obtained     600. 

Number  of  points  —    6     Frequency  of  note  obtained    450. 

Number  of  points  —  17     No  definite  frequency. 

Since  tlie  charging  circuit  is  operated  near  reson- 
ance, the  condenser  voltage  does  not  reach  its  maximum 
in  one-half  cycle,  but  rises  gradually,  as  shown  in  Fig. 
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FIG.    16 — OSCILLOGRAM      OF      CHARGING      CURRENT      A.Mj      '-.1-.\1-R.\T0R 
VOLTAGE   ON    LOAD 

Note  the  relation  between  the  curves  for  the  charging  cur- 
rent and  those  drawn  for  the  condenser  voltage  in  Fig.  14. 
The  voltage  in  the  generator  is  nearly  in  phase  with  tlie  cur- 
rent; this  good  power-factor  being  the  result  of  the  proper 
ihoice  of  transformer  reactance  and  the  proper  setting  of  the 
spark  point.  The  17  spark  nonsynchronous  disc  gives  an  ir- 
regular discharge,  producing  a  grinding  sound  of  no  particular 
frequency  or  tone. 

14.  Thus  a  discharge  occuring  during  the  fourth  half 
cycle  will  be  with  a  condenser  voltage  higher  than  a 
discharge  during  the  first  half  cycle.  The  power  out- 
put is  proportional  to  the  charge  on  the  condenser  (tliat 
is  to  the  square  of  the  voltage)  and  to  the  number  of 
discharges.  With  the  discharges  every  fourth  half 
cycle,  the  voltage  must  be  double  that  with  the  discharge 
every  half  cycle.  By  correct  choice  of  the  resonance 
point,  that  is  design  of  transformer  and  generator  re- 
actance, this  can  be  accomplished  and  the  second  condi- 
tion fulfilled. 

In     order     to     get    a     clear     note     the     lime     l)e- 
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tween  discharges  must  be  very  definite.  In  otlier 
words,  the  discharge  must  occur  at  exactly  the  same 
part  of  the  charging  wave  during  every  half  cycle. 
Fig.  14  shows  the  points  A,  B,  C,  and  D  as  respective 
points  of  discharge  of  condenser  with  24,  12,  8  and  6 
spark  gaps.  It  will  be  seen  that  the  discharge  takes 
place  while  the  voltage  is  still  rising.  Fig.  15  shows  the 
position  of  the  rotating  and  stationary  spark  points  for 
discharge  occurring  at  point  A  on  Fig.  14.  The  dis- 
charge occurs  while  the  rotating  point  is  approaching 
the  stationary  point.  A  rising  voltage  and  a  decreas- 
ing distance  between  spark  points  combine  to  make  the 
time  of  discharge  definite.  Thus  the  setting  of  the 
spark  point  will  determine  the  clearness  of  the  note  and 
accomplish  the  third  condition.  The  radial  length  of  gap 
has  little  influence  except  that  the  minimum  distance 
will  secure  operation  even  if  the  voltage  falls  below  the 
working  range.  The  stationary  spark  point  can  be  set 
radially  and  also  circumferentially.  It  is  this  latter  set- 
ting that  secures  the  right  note.  Power  output  can  be 
varied  within  certain  limits  by  the  same  setting.  Ad- 
vancing the  spark  point  along  the  direction  of  rotation 
will  delay  the  discharge  and  allow  the  condenser  volt- 
age to  build  up  to  a  higher  value,  resulting  in  a  larger 
power  output. 

The  oscillograms  in  Fig.  16  show  the  charging  cur- 
rent and  the  voltage  across  the  transformer  for  various 
spark  discs.  The  curves  with  the  eight  and  six  spcrk 
discs  show  the  rising  values  from  first  to  fourth  half 
cycle.  The  voltage  curves  show  the  discharge  taking 
place  early  in  the  last  half  cycle  of  each  charging 
period.     The  curve  with  the  17  spark  disc  shows  the 


discharge  taking  place  at  indefinite  intervals;  the  result 
is  a  harsh  sound  without  definite  tone. 

The  oscillation  transformer  carries  taps  both  on  the 
primary  and  secondary  windings.  Nine  primary  taps 
give  as  many  different  wave  lengths.  The  five  spark 
discs  give  five  possible  wave  train  frequencies,  separ- 
able by  the  resulting  sound  in  the  receiver.  The  nine  os- 
cillation transformer  taps  give  nine  different  oscillation 
frequencies  separable  by  tuning  the  receiver  circuit. 
Thus  45  separable  combinations  are  possible.  The  sig- 
nal from  each  airplane  on  each  group  of  airplanes  can 
thus  be  separated,  as  each  plane  or  each  group  of  planes 
will  have  a  distinctive  combination. 

FUTURE  DEVELOPMENTS 

The  use  of  a  set  of  similar  nature  by  amateurs  is 
anticipated.  Simplicity  in  design  and  operation  are  its 
chief  advantages.  It  offers  a  compact  and  inexpensive 
instrument  with  quite  a  considerable  range.  The  gen- 
erator has  been  adapted  to  be  driven  by  an  induction 
motor  from  a  60  cycle  supply  circuit.  Vacuiun 
tube  wireless  telegraph  transmitting  sets  are  also  re- 
ceiving much  attention.  It  must  be  remembered  how- 
ever, that  the  cost  of  either  is  still  very  high,  while  a 
satisfactory  operation  often  requires  careful  and  com- 
plicated adjustment.  The  range  of  a  tube  set  is,  of 
course,  rather  small.  The  spark  set  does  not  have  these 
disadvantages  and  it  is  still  the  standard  means  of  trans- 
mission on  small  and  medium  sized  stations.  This 
spark  set  is  just  another  case  where  war  time  develop- 
ments may  find  a  practical  application  during  peace 
times. 


Esseiitlils  ©f  Traitsfbrmer  Practice-XXI 

Voltage  Trajjsformatlons  witln  Autotransfoj^mers 

E.  G.  Reed 


AN  AUTO-TRANSFORMER  has  a  single  wind- 
ing which  must  perform  the  functions  of  both 
the  primary  and  secondary  elements  of  a  two- 
winding  transformer.  For  this  reason  it  is  to  be  ex- 
pected that  an  autotrans  former  may  be  built  with  less 
material,  and  that  its  efficiency  and  regulation  will  be 
superior  to  a  two-winding  transformer  of  the  same 
rating.  The  main  objection  to  the  use  of  the  autotrans- 
former  in  a  large  number  of  cases,  where  it  might 
otherwise  be  used  to  advantage,  is  the  fact  that  the 
primary  and  secondary  circuits  are  not  electrically 
separated. 

RELATION  BETWEEN   VOLTAGE  RATIO  AND  OUTPUT  RATING 

Fig.  I  shows  an  autotransformer  whose  high-volt- 
age is  £i  and  whose  low-voltage  is  E^.  The  current  in 
the  high-voltage  lines  is  I^  and  the  current  in  the  low- 
voltage  lines  is  /,.  Since  the  current  1 2,  as  it  enters  the 
winding  at  A,  divides  in  such  a  ratio  that  the  ampere- 
turns  on  each  side  of  the  tap  are  equal,  it  follows  that 
the  products  of  the  current  and  voltage  on  each  side  of 
the  tap  are  equal.     The  product  of  the  voltage  and  cur- 


rent expressed  in  k.v.a.  on  the  right  of  the  tap  in  Fig. 
I  is  (£1  —  £,)  /j.  The  output  of  the  autotransformer 
is  £1  1 1,  therefore, — 

K.v.a.  of  tra nsform er pa> is      Ii\  —  E-<  E^ 

K.v.a.  transformed         ~       Ju       ~  '  ~  ~E\    ^'' 

Since  the  ratio  of  voltage  transformation  R  of  the 
autotransformer  is  -pr-  equation  ( i )  may  be  put  into  the 
form, — 

K.  V.  a.  of  transfoniicr  farts  / 

K.  V.  a.  transformed  ~  '  ~  ~R  ^^' 

Example — If  a  transformer  which  has  a  vohage  ratio  of 
2300  to  460  be  connected  as  an  autotransformer,  what  should 
the  normal   rating  of  the  transformer  be  so  as  to  give  a  13 
k.  V.  a.  output  as  an  autotransformer? 
From  equation   (2), — 


A', 


f       -^\ 

=  /-'  (    /—  2y6o      I  = 

V         460   J 


Fig.  2  shows  the  rating  of  the  transformer  parts 
which  are  required  for  a  given  transformation,  at,  a 
percentage  of  the  k.v.a.  transformed,  for  various  volt- 
age ratios  of  transformation.  It  is  apparent  that  the 
rating  of  the  transformer  parts  increases  rapidiv  with 
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increasing  ratios  of  transformation  up  to  5,  and,   for 
ratios  greater  than  10,  is  practically  constant. 

Since  a  two-winding  transformer  can  be  recon- 
nected as  an  autotransformer  and  give  an  increased  rat- 
ing, it  is  evident  that,  with  the  same  rating,  the  auto- 
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FIG.     I — WINDINGS    OF    AN    AUTOTRANSFORMER 

transformer  could  be  built  with  less  material.  When 
the  transformer  windings  are  reconnected  to  form  an 
autotransformer  with  a  greater  output  rating,  the  cur- 
rent densities  and  consequently  the  losses  remain  the 
same  and,  since  the  output  has  increased,  the  efficiency 
is  increased.  Since  the  percentage  copper  loss  is  less, 
the  regulation  at  high  power-factors  is  evidently  im- 
proved. It  now  remains  to  show  the  effect  on  the  per- 
centage impedance  of  the  transformer  when  it  is  recon- 
nected to  form  an  autotransformer. 

RELATION   OF  TRANSFORMER  TO   AUTOTRANSFORMER 
IMPEDANCE 

The  impedance  of  a  two-winding  transformer  may 
be  determined  by  short-circuiting  the  high-tension 
winding  and  impressing  voltage  on  the  low-tension 
winding;  or  by  short-circuiting  the  low-tension  wind- 
ing and  impressing  voltage  on  the  high-tension  winding. 
If  E  be  the  voltage  required  to  circulate  full-load  cur- 
rents in  the  windings  in  either  case,  and  E^  be  the  nor- 
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FIG.    2 — EFFECT    OF    VOLTAGE    TRANSFORMATION    RATIO    OF    AN 
AUTOTRANSFORMER 

On  the  ratio  of  the  k.v.a.  of  transformer  parts  to  the  kv.a. 
transformed. 

mal  voltage  of  the  winding  upon  which  the  voltage  E 
is  impressed,  by  definition, — 

E 

If  /n  be  the  normal  current  in  the  circuit  upon 
which  voltage  is  impressed,  this  equation  may  be  writ- 
ten,— 

E  /„ 
A„  /„ 
In  other  words, — 

Volt-amperes  taken  on  short-circuit 
Rated  volt-amperes  of  transformer 


Zv 


Similarly,    the    impedance   of    an   autotransformer 
is, — 

_       Volt-amperes  taken  on  short-circuit 

•^       Rated  volt-amperes  of  autotransformer "' 

If  E  la  be  the  volt-amperes  taken  on  short-circuit 
by  a  two-winding  transformer  connected  by  either  of 
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FIG.    3 — CONNECTIONS    FOR    MEASURING    THE    IMPEDANCE    VOLTS    OP 
AN   AUTOTRANSFORMER 

the  methods  shown  in  Fig.  3,  and  £n  In  is  the  normal 
output  rating  of  the  transformer,  tlie  impedance  as- 
shown  by  equation  (3)  is, — 

E  /n 


^.v 


■  W 


The  output  rating  of  the  autotransformer  being  taken 
from  equation  (2)  as  being  (-77^  )  times  the  rating  of 
the  windings  connected  as  a  transformer, 
E  (R  -  i\ 

F      .  . 

Now  -^  is  the  impedance  of  the  windings  con- 
nected as  a  transformer,  therefore, — 

Z.  =  Z,(/-^) (,-) 

It  is  evident  from  the  preceding  that  the  lower  im- 
pedance of  the  windings  connected  as  an  autotrans- 
former is  due  to  the  greater  output  rating  of  the  auto- 
transformer as  compared  to  the  output  rating  of  the 
windings  connected  as  a  transformer.  The  impedance 
of  an  autotransformer  may  be  measured  directly  by 
either  of  the  connections  shown  in  Fig.  3,  and  tlie  above 


FIG.   4 — STAR   CONNECTION 

FIG.    5 — DELTA    CONNECTION 

FIG.   6 — OPEN  DELTA  CONNECTION 

demonstration  is  given  only  to  show  the  relation  be- 
tween the  impedance  of  the  two  windings  connected  as 
a  transformer  and  as  an  autotransformer. 

Example — If  a  10  k.  v.  a.  transformer  having  voUages  of 
2300  to  460  volts,  has  an  impedance  of  three  percent,  its  per- 
cent impedance  connected  as  a  12  k.  v.  a.  autotransformer  will 
be,— 


-<'-« 


■  J  X  o.Sj  =  2. s  percent. 


Zv 


Since  both  the  percentage  copper  loss  and  react- 
ance is  less  for  the  windings  connected  as  an  auto- 
transformer, the  regulation  will  be  better  at  all  power- 
factors. 

THREE  SINGLE-PHASE  AUTOTRANSFORMERS 

Three  single-phase  autotransformers  may  be  con- 
nected in  star  as  shown  in  Fig.  4  to  secure  a  three-phase 
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transformation.  The  k.v.a.  of  transformer  capacity 
rrequired  depends  on  tlie  ratio  of  voltage  transforma- 
;tion,  and  bears  the  same  ratio  to  the  k.v.a.  transformed 
as  do  the  same  quantities  for  a  single  autotransformer 
performing  a  single-phase  transformation.  While  a 
three-phase  voltage  transformation  may  be  secured  by 
:the  connections  shown  in  Fig.  5,  this  arrangement  is 
not  practicable  except  for  special  cases,  and  for  small 
ratios  of  voltage  transformation,  because  of  its  ineffi- 
ciency. For  example,  with  a  voltage  ratio  of  2  to  i 
.  as  shown  in  Fig.  5,  the  output  would  only  be  one-half  of 
that  for  the  star  connection  shown  in  Fig.  4  with  the 
same  k.v.a.  of  transformer  capacity.  The  low  voltage 
•of  a  single-phase  auto-transformer,  or  of  the  star-con- 
nected group  shown  in  Fig.  4,  is  in  phase  with  the  high 
voltage.  But  with  the  connection  shown  in  Fig.  5  there 
'is  a  phase  rotation  of  the  delivered  voltage  as  compared 
Tto  that  impressed.     This  is  a  further  objection  to  this 


Also,  since  the  currents  on  the  high  and  low  volt- 
age sides  of  the  group  are  inversely  as  the  voltages, — 


FIG.    7 — T-CONNECTION 

■  connection,  as  parallel  operation  would  not  be  possible 
with  the  star  connection  shown  in  Fig.  3. 

TWO  SINGLE-PHASE    AUTOTRANSFORMERS     CONNECTED  IN 
OPEN  DELTA 

Two  single-phase  autotransformers  may  be  con- 
nected in  open  delta  as  shown  in  Fig.  6,  to  secure  a 
three-phase  transformation.  The  k.v.a.  of  transformer 
capacity  required  for  the  transformation  depends  on 
the  ratio  of  voltage  transformation,  and  requires  ap- 
proximately 15  percent  more  capacity  than  a  single- 
phase  autotransformer,  making  the  same  voltage  trans- 
formation single-phase.  The  additional  capacity  re- 
quired is  the  same  as  that  required  by  two  single-phase 
transformers  operating  open  delta.  Aside  from  the 
question  of  capacity  the  open  delta  connection  has  an 
advantage  as  compared  to  two  T-connected  autotrans- 
formers in  that  the  units  are  duplicates  of  each  other, 
and  there  is  no  possibility  of  bad  regulation  as  with  the 
T  connection  if  the  two  halves  of  the  main  autotrans- 
formers are  not  properly  interconnected. 

T-CONNECTED  AUTOTRANSFORMERS 

Two  transformers  are  shown  in  Fig.  7  T-connected 
for  a  three-phase  to  three-phase  transformation.  The 
k.v.a.  of  the  teaser  is  the  sum  of  the  products  of  the 
■voltage  and  currents  in  the  two  parts  or, — 

K.v.a.  =  0.S66  E-i  /,„  +  {0.S66  Ex  -  0.S66  E-,)  h-a (6) 

But,— 

/(o   =    Ivi  +  ^Bh (7) 


/it   =  ~^^  Ali.  . 

Substitutinj 


(«) 

this    value    of    I^t    in    equation    (7) 


gives, — 


T        (  ^'       \r 
=  I  "aT,  — /  I-'ijb 

Substituting  this  value  of  Ito  in  turn  in  equation 
(6)  gives, — 

K.D.a.  =  /.7j  Am  {El  -  E«) (p) 

Similarly  the  k.v.a.  of  the  main  autotransformer 
is, — 

a:  v.  a.  =  Ej  /,,„  +  (El  -  En)  /„B (10) 

Substituting  the  value  of  /do  in  terms  of  Ibs,  which 
is  a  similar  relation  to  that  expressed  in  equation  (8) 
gives, — 

A'.z>.a.  =  2  (El  -  E-2}  /t,B (//) 

The  k.v.a.  transformed  is, — 

A'.v.a.  =  /./J  hs  E\ (12) 

Now  from  equations  (9)  and  (12), — 
K.v.a.  of  teaser    _  1.73  l\,\\  jEj  —  E-^  _         _E; 

K.v.a.  transformed  "        J. 73  /ub  Ei         ~  '       E\ ^'^' 

Also  from  equations  (10)  and  (12),- 
K.v.a.  of  main  unit      2    {E\~Ei)   Ab 
K.v.a.  transformed  1-73  Ab  - 

and, — 
K.v.a.  of  both  units 
K.v.a.  transformed 


=  '-!S 


{'-%) 


{'4) 


-%-^'-'5{^'—i)='-'5{j-'E) 


(13) 
equa- 

.  (.16) 


If  the  ratio  of  transformation  is, —   A 
tion  (15)  may  be  written, — 

K.v.a.  of  both  units  /         /  \ 

K.v.a.  transformed  '  \  J^  / 
This  expression  gives  the  total  k.v.a.  of  the  auto- 
transformers, and  to  put  it  on  the  same  basis  as  for  a 
two-winding  transformer,  the  expression  must  be 
divided  by  two.  The  kv.a.  of  a  two-winding  trans- 
former is  not  the  product  of  the  current  and  voltages 
for  both  primary  and  secondary  windings,  but  the  pro- 
duct for  one  winding  only. 

Therefore,  equation  (16)  becomes, — 

K.v.a.  of  both  units  _  /       J_\  .     , 

K.v.a.  transformed     =  '•"^"'■'  V~  ^'  ) ^^^'^ 

As  is  to  be  expected  this  expression  is  the  same  as 
for  two  T-connected  transformers  except  for  the  addi- 
tion of  the  term  O-jrj  ,  which  takes  care  of  the  auto- 
transformer feature. 

TABLE  I— RATIO  OF  THE  K.V.A.  OF  TRANSFORMER 
CAPACITY  TO  THE  K.V.A.  TRANSFORMED  FOR 
THE  VARIOUS  THREE-PHASE  CONNECTIONS 


Connection 

Ratio 

Three  autotransformers  star  connected 

Three  autotransformers  delta  connected 

Two  autotransformers,  open-delta  connected 
Two  autotransformers,  T  connected 

greater  than  W~~^  j 
^.075  {'—^) 

W.  A.  Dick 

THIS  PAPER  deals  with  the  regrulation  characteristics  of  generators  used  for  lighting  and  other 
purposes  on  automobiles  and  kindred  machines.  It  describes  only  those  types  that  have  been  developed 
and  put  into  commercial  use, 


ELECTRIC  lighting  has  come  into  universal  use 
on  all  types  of  automotive  apparatus  and  for  the 
same  reasons  that  have  led  to  its  use  so  generally 
elsewhere.  As  now  employed  it  involves  the  installa- 
tion of  a  small  power  plant  on  the  vehicle,  with  the 
necessary  control  apparatus  and  a  storage  reservoir  to 
furnish  power  when  the  engine  is  idle.  The  essential 
features  of  this  power  plant  are  the  generator  driven 
from  the  engine,  a  storage  battery,  usually  of  the  lead 
plate  type,  a  switch  for  connecting  the  generator  auto- 
matically to  the  battery  at  the  proper  time  and  discon- 
necting it  when  the  engine  stops,  circuits  to  the  lights 
and  manually-operated  switches  to  control  them. 
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FIG.    I — OUTPUT  OF   A    CONST.\NT    CURRENT   GENERATOR   WITH 
VARYING  SPEED 

One  of  the  most  important  elements  in  this  power 
plant  is  the  generator,  for  the  success  of  the  equipment 
depends  on  its  proper  operation.  To  meet  the  require- 
ments it  must  maintain  a  suitable  output: — 

I — Over  a  wide  speed  range  of  at  least  five  or  six 
to  one.  This  would  correspond  to  a  car  speed  from 
ten  to  fifty  or  sixty  miles. 

2 — Preferably  it  should  give  a  greater  output  in 
winter  than  in  summer,  because  the  longer  nights  of 
winter  require  a  greater  use  of  the  lights  and  the  engine 
requires  longer  cranking  by  the  starting  motor. 

3 — It  must  not  overcharge  the  battery  injuriously 
and  yet  it  should  give  sufficient  output  to  keep  it 
charged. 

4 — It  must  require  little  attention  and  be  unaffected 
by  the  heat  of  the  engine,  or  by  oil  and  water. 

The  single  wire  system  is  now  in  almost  universal 
use,  the  metal  frame  of  the  car  being  used  for  the  return 
circuit;  hence  one  side  of  the  generator,  battery,  lamps, 
etc.  is  grounded  to  the  frame. 

Probably  the  most  difficult  condition  to  meet  in  the 
generator  is  that  of  securing  sufficient  uniformity  in 
output  over  the  wide  range  of  speed.  The  storage  bat- 
tery is  of  itself  a  good  regulator  and,  in  nearly  all  sys- 
tems of  generator  regulation,  it  is  an  integral  part  of 


the  system  and  the  generators  cannot  be  operated  with- 
out it.  An  exception  to  this  is  the  voltage  regulator 
system  (to  be  described  later)  which  is  capable  of  op- 
erating without  a  battery. 

In  general,  regulation  is  secured  by  controlling  the 
voltage  developed  by  the  armature.  This  is  usually  ac- 
complished by  varying  the  magnetic  flux  from  the  field 
poles,  the  flux  required  varying  approximately  inver- 
sely with  the  speed.  There  are  several  ways  in  which 
this  has  been  accomplished.  Two  types  of  regulation 
have  been  developed  and  produced  in  commercial  quan- 
tities. In  one  the  current  output  of  the  generator  is 
maintained  at  an  approximately  constant  value;  in  the 
other  the  voltage  is  held  constant.  The  output  of  the 
first  will  be  practically  the  same  whatever  the  condition 
of  the  battery;  that  of  the  second  will  vary  with  the 
condition  of  charge  in  the  battery.  When  the  battery 
is  discharged  the  output  will  be  relatively  high  and 
when  full  correspondingly  low. 

CONSTANT    CURRENT   TYPES 

The  current  is  held  practically  constant  and  the 
voltage  varies  to  produce  this  result.     A  single  excep- 
tion to  the  flux  control  may  be  mentioned  here.     In  an 
early  type  of  generator,  a  constant  current  output  was 
obtained  through  securing  a  constant  speed  of  the  arma- 
ture by  the  use  of  a  slip  clutch — a  purely  mechanical 
scheme.     The  clutch,  through  which  the  armature  was 
driven,  was  so  adjusted  that  slippage  occurred  at  all 
speeds  above  that  required  to  give  the  torque  corres- 
ponding to  the  current  desired.     Provision  had  to  be 
made  for  dissipating  the  extra  heat  produced  by  the 
friction  of  the  clutch  on  the  stationary  part.     A  fairly 
successful   machine  was  produced,  but   inefficient,   as 
the  energy  consumed 
in  the  clutch  by  Uie 
friction    was  projior- 
tional     to    the     slip- 
page.    For   instance, 
if  the  clutch  was  set 
to  slip  at  looo  r.p.m. 
of  the  armature,  iuid 
the    speed    of    the 
drive  shaft  increased 
to    3000  r.p.m.,  two- 
thirds  of  the  energy 
put    into    the    gener- 
a  t  o  r     would     be 
wasted  in  friction  alone.     Fig.  i  gives  a  characteristic 
curve  of  this  type  of  machine.     Adjustment  of  output 
after  installation  could  be  made  by  varying  the  slippage 
point  of  the  clutch. 


3 — STRAIGHT    BUCKING    SERIES 
GENERATOR 
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In  Fig.  I,  as  well  as  in  the  other  diagrams  shown, 
the  point  at  which  the  curve  cuts  the  base  line  represent  > 
the  speed  at  which  the  magnetic  clutch  closes  and  con- 
nects the  generator  to  the  battery.  The  current  output 
increases  very  rapidly  with  the  increase  in  speed,  in  all 
systems,  to  the  point  where  the  curve  bends.  In  the 
slipping  clutch  arrangement,  the  armature  speed  and 
consequently  the  current  remains  practically  constant 
beyond  the  bend.     A  shunt  winding  is  used  to  excite 
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FIG.    4 — OUTPUT    CH.\K,\CTERISTICS    OF    .\    BUCKING    SERIES 
GENERATOR 

Of  the  types  shown  in  Figs.  3  and  5. 
the  field  of  the  generator  and  produce  the  flux  through 
the  armature  which  remains  constant  over  the  range  of 
operating  speeds,  Fig.  2. 

If  to  a  shunt  wound  generator  another  winding  be 
added  to  the  field  poles  through  which  the  current  to 
the  battery  is  passed  and  which  is  so  connected  that  the 
flux  set  up  by  it  opposes  the  main  flux  set  up  by  the 
shunt  field  winding,  a  "bucking  series"  type  of  regula- 
tion is  secured.  The  flux  passing  through  the  arma- 
ture is  so  reduced,  as  the  speed  increases,  that  a  satis- 
factory regulation  characteristic  is  obtained  when  con- 
nected to  a  storage  battery.  In  fact  the  battery  limits 
the  voltage  and  the  current  output  is  determined  almost 
entirely  by  the  series  winding  and  the  speed.  Arma- 
ture reaction  at  the  higher  speeds,  as  the  field  flux  be- 
comes greatly  reduced,  also  assists  in  holding  down  the 
current  output. 

Bucking  series  regulation  is  a  reliable  type  which 
undergoes  no  adjustment  change  due  to  service  con- 
ditions. The  only  adjustment  that  can  be  made  after 
installation  is  to  increase  the  output  by  placing  a  re- 
sistance in  shunt  connection  with  the  series  coil  to  re- 
duce the  "bucking"  effect  of  the  battery  current.  In 
this  type  the  current  is  not  strictly  constant  but  in- 
creases somewhat  with  the  speed.  There  is  also  some 
reduction  in  output  with  increase  in  temperature,  thus 
affording  an  inherent  temperature  control  within  rather 
narrow  limits. 

There  are  a  number  of  different  modifications  of 
the  bucking  series  machine.  The  simplest  form,  which 
may  be  called  a  straight  bucking  series,  is  one  in  which 
all  the  external  current  passes  though  the  series  wind- 
ing. The  arrangement  of  windings  and  connections  to 
the  batteiy  and  lamps  is  shown  in  Fig.  3.     .\  tvpical 


output  curve  of  such  a  machine  is  shown  in  Fig.  4  curve 
A.  It  is  not  materially  changed  by  switching  on  the 
lighting  load.  A  very  desirable  characteristic,  in  which 
the  output  is  automatically  increased  when  the  lamps 
are  burning,  is  secured  by  connecting  the  lamp  circuit 
inside  the  series  winding,  as  shown  m  Fig.  5.  Curve  B, 
Fig.  4,  represents  the  output  under  this  arrangement 
with  lights  on,  while  with  lights  off  the  output  drops  to 
that  of  curve  A.  This  refinement  adds  much  to  the 
success  of  an  installation,  and  is  in  wide  use. 

Where  it  is  considered  desirable  to  obtain  an  ad- 
justment of  output  over  a  greater  range  than  will  be 
given  inherently  by  the  windings  themselves  with  change 
in  temperature,  two  connections  are  sometimes  brought 
out  from  the  series  winding  as  shown  in  Fig.  6.  Bv 
connecting  the  lamp  circuit  to  one  or  the  other  of  the 
two  terminals,  two  different  outputs  can  be  obtained 
corresponding  in  general  to  curves  A  and  B,  Fig.  4. 
There  appears  to  be  very  few  applications  where  the 
inherent  temperature  control  will  not  satisfactorily  meet 
the  requirements. 

Advantage  is  taken  in  still  a  diiferent  system,  using 
the  bucking  series  control,  of  the  characteristic  of  an 
iron  wire  ballast  coil  of  greatly  increasing  its  resistance 
at  a  certain  critical  temperature  just  below  the  red  heat. 
Such  a  ballast  coil  enclosed  in  a  glass  tube,  from  which 
the  air  is  exhausted,  is  connected  across  the  series  wind- 
ings. Fig.  7.  The  resistance  of  this  winding  to  the  flow 
of  the  current  is  considerably  greater  than  that  of  the 
ballast  coil  when  the  latter  is  at  a  low  or  moderate  tem- 
perature. At  low  engine  speeds  practically  all  the  cur- 
rent is  shunted  through  the  ballast  coil.  As  the  speed 
increases  the  output  of  the  generator  also  increases,  un- 
til at  a  certain  value  the  critical  point  of  the  ballast  coil 
is  reached,  after  which 
n  o  more  current  v.-ill 
pass,  but  the  excess  is 
shunted  through  t  h  e 
series  coil  and  a  buck- 
ing action  takes  place, 
the  same  as  with  a 
straight  bucking  series 
machine.  The  output 
can  be  increased  only 
as  with  the  straight 
bucking  series,  i.  e.,  by 
shunting  the  series 
winding. 

Another  type  of 
current  control  gener- 
ator is  one  where  the 
output  is  controlled  by  a  separate  regulator.  In 
an  early  arrangement,  the  resistance  of  a  field  rheo- 
stat, with  a  large  number  of  connections  brought  our 
to  a  face  plate  and  connected  in  series  with  the  shunt 
field,  was  varied  by  a  contact  arm  operated  by  a  mag- 
net, energized  by  a  shunt  and  series  winding,  the  shunt 
winding  being  connected  across  the  terminals  of  the  gen- 
erator and   the  series  winding  between   the  generator 


FIG.    5 — P.UCKING    SERIES    GENERATOR 

With  increased  output  when  lamps 
are  burning. 
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FIG.    (1 — r.UCKINC.     SERIKS    GEXFRATOR 
W:TH    ADJUSTABLE    OUTPUT 
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and  the  batter}^  so  that  the  battery  charge  passed 
through  it.  As  the  speed  of  the  engine  increased  the 
generator  would  begin  to  develop  a  higher  voltage  which 
would  tend  to  send  more  current  to  the  battery.  As 
soon  as  the  current  started  to  increase,  the  magnet 
tlirough  the  influence  of  its  windings,  would  move  the 
contact  arm  and  cut  more  of  the  rheostat  into  the  field 
circuit  and  a  balance  would  be  reached,  the  current  be- 
ing held  at  the  predetermined  value. 

To  overcome  the  friction  elements  in  such  a  reg- 
ulator, and  to  secure  positive  action,  the  parts  must  be 
relatively  large,  and  consequently  this  equipment  is  not 
so  economical  of  material  as  others ;  as  a  result  it  has 
largely  been  replaced  by  a  form  of  vibrating  regulator 
in  which  a  permanent  resistance  in  the  shunt  field  is 
bridged  by  a  pair  of  vibrating  contacts.  The  proper 
amount  of  resistance  in  the  field  circuit,  to  give  the 
desired  output  at  any  point,  is  secured  by  varying  the 
amount  of  time  the  contacts  are  closed,  short-circuiting 
the  resistance,  instead  of  varying  the  amount  of  resist- 
ance as  in  the  previous  case.  As  the  action  is  the  same 
as  in  the  constant  voltage  type  of  regulator,  which  will 
be  described  later,  the  reader  is  referred  to  that  part 
of  this  article  for  a  more  complete  description.  The 
only  essential  difference  is  that  the  contact  coil  is  wound 


FIG.    7 — BUCKING    SERIES    GENERATOR    WITH     liALLAST    CONTROL 

for  current  instead  of  voltage.  Constant  current  thus 
obtained  does  not  seem  to  have  any  particular  advan- 
tage over  the  other  arrangements  previously  described. 
The  output  can  be  varied  by  changing  certain  adjust- 
ments provided  for  the  purpose. 

Third  Brush  Regulation — Generators  with  this  type 
of  regulation  have  come  into  very  general  use  and  have 
a  number  of  attractive  features.  The  regulation  is  in- 
herent, as  in  the  bucking  series  type,  but  less  material 
is  required  for  a  given  output.  Third  brush  machines 
have  a  shunt  field  winding  only.  Instead  of  being  con- 
nected between  the  two  main  brushes,  one  terminal  of 
the  winding  is  connected  to  a  main  brush  and  the  other 
to  a  separate,  or  third  brush,  as  it  is  called.  This  brush 
is  placed  on  the  commutator  between  the  two  main 
brushes.  Regulation  is  due  to  the  field  distortion 
caused  by  the  reaction  of  the  magnetic  flux  set  up  bv 
the  armature,  resulting  in  a  variation  in  density  uf  the 
magnetic  flux  from  the  field  poles.  The  density  of  the 
flux  on  one  side  of  the  pole  is  reduced  while  it  is  in- 
creased on  the  other  side.  This  shifting  of  the  field 
flux  varies  the  voltage  across  the  shunt  field  and  hence 
the  exciting  current  decreases  as  the  armature  current 
increases.  But  part  of  the  armature  current  goes  to 
the  batterj'  as  shown  in  Fig.  8;  the  rest  of  it  circulates 
in  the  armature  itself. 


Third  brush  type  of  regulation  produces  a  compar- 
atively large  output  over  the  lower  range  of  speeds,  and 
a  reduced  output  over  the  higher  range.  A  proper  ap- 
plication of  this  type  is  one  that  gets  the  large  output 
at  town  speeds,  and  the  lower  output  at  touring  speeds. 
Fig.  9  shows  the  arrangement  of  circuits. 

Besides  the  inherent  regulation  of  current  output, 
there  is  also  an  inherent  variation  of  output  with  tem- 
perature. Fig.  8  shows  the  output  of  a  typical  ma- 
chine at  normal  temperature — about  70  degrees  F — 
cold  and  hot.  A  considerable  increase  in  output  above 
tlie  cold  curve  is  shown  when  the  temperature  is  below 
70  degrees  F.  In  this  way  the  difference  in  output  re- 
quirements due  to  summer  and  winter  running  require- 
ments are  adequately  taken  care  of.  It  is  possible  to 
increase  the  range  between  hot  and  cold  output  by  the 
use  of  a  thermostatic  switch  and  a  resistor  unit  which 
is  applied  to  the  field  winding.  Fig.  10.  This  arrange- 
ment has  been  used  to  a  certain  extent.  The  generator 
is  set  for  a  higher  output  when  cold  than  would  be  saf •" 
for  continuous  operation,  dependence  being  placed  on 
the  thermostatic  switch  for  cutting  down  the  output  at 
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KIG.   8 — OUTPUT   CHARACTERISTICS   OF   THIRD   BRUSH    GENERATOR 

a  certain  predetermined  temperature.  This  switch 
opens  and  cuts  a  resistance  into  the  shunt  field  circuit 
which  immediately  reduces  the  output.  As  the  resist- 
ance is  either  all  in  or  all  out,  there  are  two  outpu; 
curves  with  no  output  between.  This  arrangement  ap- 
pears to  have  no  material  advantage  over  the  inherent 
regulation  for  temperature  and  adds  complication. 

CONSTANT  VOLTAGE  TYPES 

In  these  types  the  voltage  is  held  constant  and  the 
output  varies  with  the  external  load  conditions.  All 
systems  are  controlled  by  a  regulator  which  is  either 
placed  inside  the  frames  of  the  machines  or  mounted 
separate  from  them.  They  all  control  the  current  in 
the  field  winding.  A  constant  voltage  offers  a  number 
of  advantages  for  supplying  power  to  meet  widely  vary- 
ing conditions  of  automotive  service.  It  returns  a  bat- 
tery to  a  fully  charged  condition  more  quickly  than  any 
other.  The  output  increases  when  the  lights  are 
switched  on.  When  the  battery  is  fully  charged  the 
output  of  the  generator  is  reduced  to  a  small  amount, 
thus  preventing  over-heating  and  injuiy  to  the  battery 
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FIG.   9 — THIRD    BRUSH    GENERATOR 


and  there  is  consequently  less  occasion  for  sunplying 
water;  all  of  which  tend  to  prolong  the  life  of  the  bat- 
tery. The  demand  for  power  from  the  engine  is  re- 
duced and  the  equipment  is,  therefore,  more  economical. 
An  earlier  type  was  somewhat  similar  to  the  field 
rheostat  arrangement,  described  under  "Current  Regu- 
lation Types".  It  was  similar  but  the  contact  arm  and 
face  plate  have  been  eliminated  and  the  resistance  is 

wound  on  the  end 
of  the  magnet.  The 
lower  end  of  the  re- 
sistance floats  on  a 
mercury  bath,  which 
completes  the  cir- 
cuit. It  is  evident 
that  b  y  increasing 
the  immersion  of  the  resistance  in  the  mercury  a  vari- 
ation in  the  amount  of  the  resistance  in  the  field  circuit 
can  be  secured.  This  variation  is  secured  through  a 
magnet  coil  excited  from  tlie  terminals  of  the  machine. 
If  there  were  no  other  forces  acting  on  it  than  the 
buoyancy  of  the  mercury  and  gravity,  the  magnet  would 
always  remain  in  a  certain  position.  However,  the 
magnet  is  acted  upon  by  the  coil,  the  effect  being  to 
withdraw  it  from  the  mercury  bath  as  the  current  in 
the  coil  increases ;  the  more  the  magnet  is  withdrawn. 
the  greater  the  amount  of  resistance  cut  into  the  field 
circuit,  and  in  this  way  regulation  is  secured. 

The  essential  parts  of  voltage  regulating  devices  are 
a  resistance  connected  in  series  with  the  field  winding 
of  the  generator,  two  contact  points — each  one  of  which 
is  connected  to  a  terminal  of  the  resistance.  A  magnet 
is  provided,  excited  by  current  from  the  generator,  this 
magnet  acting  on  a  lever  of  magnetic  material  on  which 
one  of  the  contacts  is  mounted.  A  spring  attached  to 
the  lever  hold  them  in  contact,  and  the  pull  of  the  mag- 
net works  against  the  spring  by  variation  of  which  ad- 
justment is  secured.  The  contacts  are  in  constant  vi- 
bration, being  opened  and  closed  very  rapidly.  The 
regulation  is  secured  by  the  variation  in  time  in  which 
the  contacts  are  closed,  which  varies  with  the  speed  at 
which  the  generator  is  being  driven,  as  follows : — 

At  all  speeds  below  that  at  which  the  generator 
gives  the  desired  voltage,  the  contacts  remain  closed. 
When  this  speed  is  exceeded  the  generator  tends  to  in- 
■crease  its  voltage.  As  soon  as  this  point  is  reached  the 
contacts  are  separated  and  the  resistance  is  thereby  cut 
into  the  field.  This  immediately  lowers  the  voltage,  bul 
as  soon  as  it  starts  to  decrease  the  magnet  releases  its 
hold  on  the  contact  lever  and  the  contacts  close  again. 
This  action  continues  with  extreme  rapidity  so  as  to  be 
•invisible  to  the  eye,  and  without  causing  flicker  in  the 
lights.  Very  satisfactory  regulation  is  obtained  within 
"the  narrow  limits  required  by  a  battery.  Owing,  how- 
ever, to  the  narrow  limits  in  range  of  voltage  which 
■must  be  secured,  the  active  parts  must  be  relatively  light, 
so  that  this  type  is  somewhat  sensitive  to  the  external 
•conditions  existing  on  an  automobile.     It  is,  however, 


in  quite  extensive  use. 

To  retain  all  the  advantages  of  the  voltage  control, 
and  to  secure, a  more  substantial  construction  and  an  in- 
crease in  the  forces  used,  a  modification  of  this  type  has 
been  developed.  In  this  the  vibration  is  secured  by  a 
cam,  mounted  on  the  shaft  of  the  armature,  which  is 
in  contact  with  a  pivoted  lever  that  carries  one  of  the 
contact  points.     A  positive  vibration  is  thus   secured. 


FIG.    10 — THIRD    BRUSH    GENERATOR    WITH    THERMOSTATIC    CONTROL 

and  the  action  is  undisturbed  by  car  vibrations  or  other 
external  conditions.  The  other  contact  is  mounted  on 
a  magnetic  lever  whose  position  is  controlled  by  a 
spring;  the  magnet  acts  on  this  lever  and  changes  its 
position  so  that  its  contact  point  is  either  touching  the 
other  contact  point  or  is  drawn  away  out  of  contact  with 
it.  The  resistance  is  thus  alternately  cut  in  and  out, 
and  regulation  secured.  Fig.  ii  shows  how  the  outpuc 
of  the  generator  varies  with  the  battery  conditions. 

It  would  appear  that  the  advantages  of  a  voltage 
regulation  type  of  machine  are  such  as  to  result  in  its 
more  general  use  as  these  advantages  become  known. 
At  the  present  time  it  is  the  latest  development  in  auto- 
mobile generators,  and  is  the  only  one  which  will  op- 
erate without  a  battery. 

A  review  of  methods  used  to  secure  regulation  of 
automobile  generators,  such  as  this,  would  not  be  com- 
plete without  some  mention  of  the  important  part  thac 
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FIG.    II — BATTERY    CHARGING    CHARACTERISTICS    OF    A    VOLTAGE 
REGULATOR   GENERATOR 

With  varying  conditions  of  battery  and  car  speed. 

the  storage  battery  plays  in  this.  All  of  the  devices  de- 
scribed except  the  vibrating  voltage  regulator  require 
the  use  of  a  battery ;  in  fact,  the  battery  is  a  good  regula- 
tor in  itself.  It  will  stand  charging  and  discharging  at 
wide  variations  in  current,  and  the  difference  between 
charge  and  discharge  voltage  is  small.  The  tungsten 
lamp  has  also  had  an  important  bearing  upon  successful 
automobile  lighting,  both  in  its  economy  in  the  use  of 
energy  and  allowable  variation  in  voltage. 
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IN  designing  moulded  insulation,  two  things  should  be 
always  in  mind.  The  block  must  be  manufactured 
and  it  must  perform  its  work  without  failure. 
There  are  many  things  to  consider  in  designing  a  block 
that  can  be  moulded  readily  and  the  mould  for  which 
will  be  sufficiently  rugged  to  have  long  life  and  few 
trips  to  the  tool  room  for  repairs.  If  possible,  one  ex- 
perienced in  insulation  moulding  should  be  consulted. 
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If  such  a  man  is  not  available,  the  drawing  should  be 
submitted  for  criticism  to  one  or  more  companies  do- 
ing moulding  work.  Much  trouble  to  both  the  designer 
and  manufacturer  has  resulted  from  lack  of  this  co- 
operation. 

The  following  suggestions  are  offered  as  a  help  to 
the  designer,  in  getting  his  design  ready  for  criticism 
by  the  manufacturer. 

I — The  simpler  the  form  of  the  moulded  block, 
the  cheaper  will  be  the  mould,  the  more  perfect  will 
be  the  piece,  the  more  rapid  will  be  the  production  and 
the  cheaper  will  be  the  product.  The  ideal  form  to 
mould  would  be  a  circular  block  with  flat  top  and  bot- 
tom and  tapered  sides.  The  nearer  the  design  con- 
forms to  this  ideal,  the  more  satisfactory  will  be  the 
results. 
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2 — All  vertical  sides  should,  if  possible,  be  tapered 
in  the  same  direction.  If  the  block  is  pressed  out  of 
the  mould,  straight  vertical  faces  are  sure  to  score,  thus 
causing  sticking  of  the  moulded  block.  If  straight 
sides  are  necessary  they  can  be  formed  by  providing 
loose  liners  in  the  mould  that  are  pushed  out  with  the 
block  and  then  removed.     .Such  moulds  are  more  ex- 


pensive and  more  time  is  required  to  handle  the  addi- 
tional loose  parts. 

3 — Rounded  corners  on  the  outer  edge  of  both  top 
and  bottom  faces  require  liners  in  the  mould.  Other- 
wise, the  pressing  blocks  will  have  sharp,  thin  edges 
that  are  soon  damaged,  resulting  in  ragged  corners  in- 
stead of  rounded  corners.  A  rounded  edge  may  be 
placed  on  either  the  top  or  the  bottom  face  without 
liners  if  the  sides  are  tapered  and  the  rounded  corner 
placed  at  the  small  end  of  the  taper. 

4 — Avoid  so  far  as  possible  the  moulding  of  holes 
in  the  sides  of  blocks.  The  thrust  of  the  composition 
against  the  projecting  part  of  the  mould  is  very  apt  to 
distort  this  part  The  pressure  on  the  composition 
may  be  two  or  three  tons  per  square  inch,  therefore, 
severe  strains  are  imposed  on  all  parts  of  the  mould 
projecting  from  the  sides. 


5 — Do  not  call  for  a  moulded  thread  if  it  can  be 
avoided.  The  composition  hugs  the  threaded  part  of 
the  mould  very  closely  and  the  least  damage  to  the 
thread  on  the  mould  tears  the  formed  thread  when  the 
piece  is  removed.  A  threaded  metal  insert  is  much  to 
be  preferred.  If  a  moulded  thread  must  be  used,  m.ike 
it  as  coarse  as  possible  and  as  short  as  possible.  The 
difference  in  contraction  between  the  composition  and 
metal  will  lock  the  thread  if  it  is  too  long.  A  taper  on 
the  thread  is  highly  desirable. 

6 — Threaded  metal  inserts  may  readily  be  moulded 
into  the  top  and  bottom  faces  of  the  block.  In  such 
cases  keep  the  size  of  the  insert  as  small  as  possible 
and  provide  a  positive  anchor.  Hexagon  stock  with  a 
shoulder  is  much  better  than  a  knurled  insert.  All  the 
inserts  shown  in  Fig.  i  are  designed  with  a  long 
shoulder  and  short  head  so  that  the  strength  of  the 
supporting  insulation  will  be  as  nearly  as  possible 
equivalent  to  the  strength  of  the  anchoring  head. 
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7 — Specify  inserts  moulded  in  the  sides  of  a 
block  only  as  a  last  resort.  When  used,  make  them  as 
short  as  possible  and  provide  for  a  heavy  supporting 
pin  to  hold  the  insert  to  the  mould  during  the  moulding 


process.  In  other  words,  use  a  large  diameter  threaded 
stud  or  screw  with  such  inserts. 

8 — Avoid  imbedding  large  pieces  of  metal  in  a 
moulded  block.  The  difference  in  contraction  when 
the  piece  cools  from  the  moulding  temperature  to  the 
air  temperature  may  crack  the  insulation  or  set  up 
strains  that  will  result  in  cracking  at  a  later  period. 

These  directions  are  of  a  general  nature  and  will 
apply  to  any  variety  of  composition.  Much  additional 
information  is  necessary,  bearing  on  each  variety,  to 
enable  the  designer  to  present  the  moulder  with  a  sat- 
isfactory design.     The  following  paragraphs  deal  with 
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the  peculiarities  of  the  ditTerent  varieties  as  they  affect 
the  design. 

DESIGNING  OF  COLD  MOULDED  PIECES 

The  cold  moulded  materials  as  a  class  flow  with 
difficulty  when  being  moulded.  The  binder  is  not  so 
strong  as  that  used  for  hot  moulded  materials  so  a  long 
fibre  filler  is  used  to  secure  sufficient  strength.     Long 


fibre  in  a  mixture  retards  the  flow.  Then  the  bitider 
is  not  active  when  the  block  is  removed  from  the  mould 
so  the  product  is  weak  and  easily  broken.  The  warn- 
ing is — do  not  ask  for  high  thin  walls  on  a  cold  moulded  ■ 
block.  Such  walls  either 
will  not  form  or  will 
break  when  removed 
from  the  mould.  All  cor- 
ners around  which  the 
material  must  flow  should 
be  rounded  to  facilitate 
the  flow. 

Examples  of  Cold- 
Moulding — Cold  moulded 
materials,  especially  those 
with  a  non-softening  bin- 
der, can  be  made  of  con- 
siderable value.  Fig.  2 
represents  a  cap  and  cone 
trolley  hanger  made  from 
a  cold-moulded  material 
of  this  class.  This 
hanger  can  be  heated  to  a 
red  heat,  quenched  in  a 
bucket  of  water,  dried, 
painted  and  put  back  into 
service.  The  only  dam- 
age resulting  will  be  the 
burning  away  of  some  of 
the  water-proofing    ingre-  ''"'• 

dient  and  finish.  Such  a  hanger  is  much  better" 
adapted  for  use  in  hot  locations,  such  as  around  coke 
ovens  and  in  the  hot  portions  of  the  South,  than  hot 
moulded  mixtures  that  soften  when  heated.  As  a 
matter  of  fact  they  will  probably  stand  in  any  climate 
better  than  the  hot  moulded  shellac  mixture  hangers 
owing  to  their  better  weathering  qualities  and  rugged 
design. 

Fig.  3a  shows  a  "reactance  cleat"  used  in  building 


up  the  reactance  coil,  Fig.  4.  This  service  require;  a 
material  not  subject  to  burning  with  leakage  curre;ils. 
Fig.  3&  to  k  shows  spacers  for  arc  boxes  for  magnaic 
blow  out  unit  switches.  These  pieces  also  have  the 
holes  moulded  in.  This  material  must  be  arc  resist-ng. 
Fig.  5   represents  parts  of  two  different  types  of 
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.attachment  plugs.  These  pieces  must  be  cheap,  fairly 
strong,  unaffected  by  atmospheric  moisture  or  heat  and 
must  take  a  good  finish. 

Fig.    6    shows    a    small    switchboard    panel.     This 
panel  was  formed  as  shown  with  all  holes  moulded  in. 


better  adapted  to  forming  complicated  pieces  than  the 
cold  moulding  mixtures.  The  reason  for  this  is  that 
the  binder,  when  melted,  acts  as  a  lubricant  to  facilitate 
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Such  applications  save  a  great  amount  of  labor  when 
used  in  large  quantities. 

Fig.  7  shows  a  pair  of  field  rheostat  face  plates,  6  25 
and  9.5  in.  diameter,  made  from  cold  moulded  material. 
Note  the  number  of  holes  formed  and  tlie  moulded  let- 
ters. Moulded  letters  should  be  of  stocky  design  and 
not  too  high. 

Figs.  I  to  7  are  typical  of  the  kind  of  work  to 
which  the  cold-moulded  materials  are  best  adapted.  The 
shapes  show  what  proportions  should  be  maintained  to 
•secure  a  readily  mouldable  design.  The  cold  moulded 
■compositions  can  be  made  into  bulky  blocks  much  more 
readily  than  the  hot  moulded  varieties.  As  no  heat  is 
required  in  the  forming,  no  trouble  will  be  experienced 
due  to  shrinkage  on  cooling.  With  hot-moulded  mix- 
tures the  material  in  the  mould  must  be  cooled  quickly 
.in  order  to  get  rapid  production.     If  the  piece  formed 


the  flow  in  the  mould  and  that  the  binder  is  hardened 
and  active  when  the  piece  is  removed.  The  material, 
therefore,  possesses  its  full  strength  to  resist  breakmg 
while  being  removed  from  the  mould. 

Condensation   Moulding — In   this    class    of    work, 
the   material   first  becomes   plastic   when   heated,   then 


FIG.  9 

is  thick  and  bullcy  much  trouble  may  be  experienced 
caused  by  shrinkage  strains  due  to  rapid  cooling. 

DESIGNING  OF   HOT-MOULDED   PIECES 

Hot  moulding  mixtures,  that  is  those  formed  hot 
\in  the  mould  and  hardened  before  removing,  are  much 


hardens  on  continued  heating.  The  material  need  only 
to  be  cooled  enough  to  handle  before  removing  from  the 
mould. 

Fig.  8  shows  a  moulded  oil  test  cup  of  bulky  pro- 
portions.    It  is,  for  this  reason,  very  difficult  to  form 
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and  secure  a  product  free  from  cracks  caused  by 
shrinkage  strains.  It  has  been  accomplished  but  is  ex- 
pensive owing  to  the  time  and  care  necessary  to  avoid 
cracks.  This  piece  has  a  threaded  brass  ring  moulded 
in,  and  a  moulded  packing  box  to  prevent  leakage 
around  the  adjustable  spark  gap  sides. 

TOO  VQOfP 


Fig.  9a  and  b  shows  a  hot-moulded,  high-voltage 
circuit  breaker  bushing  and  bus-bar  support.  These 
pieces  also  required  considerable  study  before  they 
could  be  made  successfully. 

Fig.  loa  and  b  shows  two  types  of  distributor  tops 
for  ignition  sets.  Fig.  loa  is  an  easy  piece  to  mould. 
Notice  the  taper  on  all  sides,  and  the  uniform  thickness 
of  walls,  neither  too  thick  nor  too  thin.  The  mould  is 
easily  made  as  it  is  mostly  round  with  few  parts  to  be 
profiled.  Fig.  10^  includes  not  only  a  distributor  top 
but  a  pocket  for  the  ignition  coil.  Note  the  absence  of 
circular  sections  and  the  thin  portions  adjacent  to  the 
heavy  part.  This  block  has  eight  brass  inserts  and 
three  wires  moulded  in  place.  The  block  is  being  suc- 
cessfully manufactured  but  is  difficult  and  necessarily 
expensive.  The  mould  alone  cost  $1500.  In  spite-  of 
the  cost  of  the  block  and  the  tools  it  is  the  logical  thing 
to  do  in  this  instance,  as  it  gets  the  desired  results  m  the 
cheapest  way.  This  is  the  kind  of  job  on  which  the 
designer  should  consult  most  freely  with  the  moulder. 
There  are  many  details,  a  slight  modification  of  which 
would  render  the  piece  impossible  of  production. 

In  Fig.  10  c,  d,  and  e  are  shown  parts  of  a  revers- 
ing switch.  The  block  d  slides  in  the  shell  e,  the  as- 
sembled unit  being  shown  in  c.  The  mould  for  the  shell 
piece  was   costly,  but  the  block  is  easy  to  produce. 


FIG.    13 

These  two  moulded  blocks  replaced  many  metal  and 
insulating  parts  in  the  superseded  design  and  materially 
reduced  the  cost  of  the  switch. 

Fig.  10/  is  a  grooved  pulley  moulded  from  disin- 
tegrated cotton  duck  treated  with  phenolic  condensa- 


tion varnish.  This  makes  a  tougher  product  than  the 
usual  moulding  mixtures.  The  bearing  section  is  made 
of  a  graphitized  section  to  form  a  self  lubricating  bear- 
ing. This  pulley  is  used  in  connection  with  the  control 
wires  on  airplanes. 


Fig.  1 1  represents  different  forms  of  moulded  c jm- 
mutators.  The  bars  are  assembled  with  mica  between 
and  held  m  the  mould  while  the  insulation  which  re- 
places the  usual  front  and  rear  V-rings  (both  metal 
and  insulation)  and  the  insulation  between  the  bars 
and  the  bushing  is  formed  in  place.  The  metal  bushing 
is  fastened  inside  the  commutator  in  the  same  mould- 
ing operation.  To  get  proper  mechanical  strength 
without  damaging  the  commutator  electrically  requires 
considerable  experience  and  skill.  For  this  work  a 
person  experienced  in  commutator  moulding  should  be 
consulted  in  regard  to  the  proportion  and  shape  of  all 
parts. 


Fig.  12  shows  a  collection  of  simple  hot  moulded 
pieces  formed  "in  multiple".  That  is,  they  are  so  de- 
signed that  many  of  them,  the  number  depending  on 
the  size,  can  be  formed  at  the  same  time.  This  is  the 
best   way   materially    to    reduce    the    cost    of    a    small 
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moulded  block.  Here  again  tJie  cost  of  the  mould  in- 
terferes and  large  production  is  necessary  to  justify 
.this  kind  of  moulding. 


Fig.  13  is  a  collection  of  hot  moulded  pieces  formed 
.■singly.  Some  of  these  pieces  could  be  made  in  multiple 
■if  sufficiently  active.  These  samples  illustrate  the 
variety  of  designs  that  can  be  made,  and  the  shapes 
that  are  best  suited  for  moulding. 

Shellac  Moulded  Pieces — Shellac  moulding  is  very 
;much  like  phenolic  condensation  moulding  except  that 
■  the  material  has  less  strength  and  a  greater  tendency  to 


i 


<Lt 


stick  to  the  mould.  It  follows  that  greater  care  must 
'be  exercised  to  provide  proper  taper  on  the  vertical 
.sides. 

In  Fig.  140,  h,  c,  d,  show  various  designs  of  trol- 


ley hangers.  They  consist  of  a  stud  set  into  a  metal 
shell  and  insulated  from  this  shell  by  a  shellac  mould- 
ing mixture.  Fig.  14/  shows  an  insulated  bolt  used  in 
another  type  of  trolley  hanger.  In  this  case  the  mould- 
ing mixture  follows  the  lines  of  the  metal  bolt,  the  load 
being  carried  by  the  insulated  head.     Fig.  14^  shows  a 


FIG.    iS 

feeder  insulator.  The  pieces  shown  in  Fig.  16  are 
formed  in  multiple.  The  size  of  mould  for  these  pieces 
and  therefore  their  cost  will  depend  on  their  activity. 

Hard  Rubber  Pieces — Hard  rubber  moulding  is 
very  much  like  shellac  moulding.  The  comments  on 
the  design  of  shellac  moulded  pieces  will  apply  as  well 
here.  Hard  rubber  is  much  stronger  than  shellac 
blocks,  so  it  can  be  made  into  frail  pieces  to  better  ad- 
vantage. Another  difference  is  that  hard  rubber 
moulds  must  remain  in  the  hot  press  for  a  considerable 
time  to  permit  of  complete  vulcanization  or  hardening. 
It  is  therefore  necessary  to  form  hard  rubber  pieces  in 
a  multiple  mould  in  order  to  get  good  production  or 
reasonable  cost. 


Hard  rubber,  moulded  to  shape,  is  so  common  in 
household  use  that  many  examples  are  not  needed.  Fig. 
15  illustrates  meter  case  parts,  a  most  common  use  of 
moulded  hard  rubber  in  electrical  work. 

Micarta  Moulding — Micarta  is  sheet  material, 
either  paper  or  fabric,  coated  with  shellac  or  phenolic 
condensation  varnish   and  moulded  into  flat  sheets  or 
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tubes  or  ioniied  shapes.  It  is  essentially  a  material  of 
uniform  thickness.  This  class  of  material  is  com- 
paratively new  and  possesses  great  possibilities.  The 
.product  is  marked  by  its  great  mechanical  strength  and 
-endurance  as  compared  to  other  moulded  insulation,:. 

In  Fig.  17,  b  and  c  show  pieces  in  which  treated 
paper  is  wound  around  a  knurled  steel  tube  and  hot 
moulded  to  form  a  micarta  tube,  while  the  head  is 
formed  of  composition  during  the  same  moulding  op- 
eration, the  two  materials  being  moulded  as  a  unit. 
The  threads  on  the  stem  of  c  are  moulded  at  the  same 
time  the  piece  is  formed.  The  piece  shown  at  a  is 
similarly  formed  of  micarta  with  a  moulded  collar,  ex- 
cept that  the  micarta  is  wound  on  a  smooth  steel  man- 
drel, which  is  subsequently  removed.  The  pieces 
shown  at  a  and  b  are  designed  to  serve  the  same  pur- 
pose as  c,  and  are  much  more  simple  from  the 
moulders  point  of  view.  Fig.  lyd  is  a  strain  insulator 
of  moulded  micarta  with  eyebolts  moulded  into  the 
•ends.  This  makes  a  rugged  and  light  weight  insula- 
tor for  light  service,  high-voltage  work,  especially  for 
radio  work. 

Fig.  9c  shoves  stream  line  shell  one  sixteenth  inch 
thick,  six  inches  in  diameter  and  17  inches  long.  The 
nose  is  formed  of  a  moulding  mixture.  Fig.  gd  i,~  a 
"bowl  with  a  spherically  shaped  surface  and  a  shoulder 
of  moulding  mixture  all  formed  in  one  operation.  It  is 
one  eighth  inch  thick,  16  inches  in  diameter  and  five 
inches  deep.  In  Fig.  ge  is  shown  a  ring  formed  of 
asbestos  paper  micarta,  duck  micarta  and  a  moulding 
mixture,  all  three  materials  being  moulded  as  a  unit. 


Fig.  i8wj  is  a  brushholder  stud  with  micarta  cover 
moulded  around  it  and  closing  the  rear  end.  This  pro- 
vides an  insulation  that  can  be  pressed  into  its  socket, 
removed  and  replaced  without  damage.  Fig.  iSw 
shows  a  gear  having  a  metal  hub  and  micarta  rim 
moulded  in  place  to  form  a  noiseless  gear.  The  other 
specimens  in  Fig.  18  indicate  the  wide  variety  of  mi- 
carta shapes  that  is  possible,  b  and  c  are  formed  to  fit 
together  to  form  a  rectangular  shaped  wire  way  around 
a  corner,  e  shows  a  similar  piece  of  round  section,  as- 
sembled. 

The  big  feature  of  this  line  of  materials  is  its  great 
mechanical  strength,  as  compared  to  other  insulating 
materials.  The  merits  of  this  line  should  be  carefully 
considered  by  those  seeking  for  high  quality  products. 

Fig.  19  shows  a  plate  made  up  of  alternate  layers 
of  cork  and  fabric,  both  having  a  binder  of  phenolic 
condensation  varnish.  This  provides  a  cork  plate  with 
considerable  strength  and  one  that  does  not  swell  with  a 
rise  in  temperature  up  to  100  degrees  C.  It  can  be 
made  to  a  variety  of  densities  and  is  useful  as  a  friction 
material  and  as  a  cushion.  Its  frictional  power  is  not 
affected  by  oil,  water  and  dirt  so  much  as  other  such 
materials,  as  leather,  hard  fibre,  metal,  etc. 

This  article,  the  first  part  of  which  appeared  in 
the  March  number,  was  prepared  with  two  objects. 
The  first  is  to  assist  the  user  of  moulded  insulation  to 
prepare  successful  designs  by  acquainting  him  with 
manufacturing  conditions.  The  second  is  to  help  all 
engineers  to  see  the  great  utility  of  moulded  composi- 
tion, both  as  insulation  and  as  a  mechanical  part. 


Measuring  the  Resistance  of  Ground  Connections 


To  obtain  the  resistance  of  one  ground  connection,  two 
auxiliary  ground  connections  are  necessary,  or  one  of  which 
the  resistance  is  known.  In  either  case  the  electrodes  must  be 
at  some  distance  from  each  other,  the  farther  the  better,  but 
with  electrodes  of  Hmited  extent,  such  as  driven  pipes  or  plates, 
at  least  15  feet  for  reasonably  accurate  work.  For  at  15  feet 
the  mutual  influence  of  the  electric  fields  about  two  neighbor- 
ing electrodes  can  be  neglected.  And  if  voltage  is  impressed 
upon  two  of  them  in  series  the  measured  resistance  to  flow 
of  current  from  one  to  the  other  will  be  very  nearly  the  sum 
of  the  resistance  to  flow  of  current  away  from  each  one. 
Hence,  if  /?i,  R2,  Ra  represent  the  individual  resistances,  and 
r,,  '•;,  )'3,  the  resistances  of  each  pair  in  series,  it  follows  that 
the  equations  Ri  +  R-.  =  n.  R2  +  R3=  r,  and  R,  +  R,  =  n 
are  a  fair  approximation  to  the  actual  relationship  existing  be- 
tween these  various  quantities.     Solving: 

For  the  auxiliary  connections,  two  short  pipes  temporarily 
driven  into  the  ground  will  serve  very  well.  If  these  pipes  are 
as  much  as  two  feet  in  length,  resistances  not  exceeding  40  to 
60  ohms  ^.'-c  obtainable  in  most  soils  if  the  surrounding  ground 
is  well  soa>,ed  with  water.  This  resistance  will  in  nearly  all 
■  cases  be  found  low  enough,  and  in  any  case  the  resistance  of 


the  auxiliaries  may  be  several  times  the  resistance  being 
measured. 

A  disadvantage  of  the  foregoing  method  is  that  it  involves 
three  measurements  and  considerable  computation.  In  some 
cases  it  is  practicable  to  reduce  the  time  and  labor  required  by 
passing  current  through  two  of  the  ground  connections  in 
series  and  measuring  the  voltage  between  the  one  whose  re- 
sistance is  to  be  found  and  a  third  or  potential  terminal.  The 
resistance  is  then  calculated  simply  by  substituting  in  7?  =  E/I. 
Under  favorable  conditions  good  results  may  be  obtained  in  this 
way.  The  resistance  of  the  potential  terminal  must  be  neg- 
ligible as  compared  to  that  of  the  voltmeter.  This  method  is 
especially  useful  where  a  ground  of  negligible  resistance  (e.  g. 
a  fire  plug)  is  available  for  temporary  use  as  an  auxiliary,  in 
which  case  the  unknown  resistance  may  be  assumed  as  equal 
to  the  voltage  impressed  over  the  two  grounds  in  series,  divided 
by  the  current. 

Alternating  current  is  better  than  direct  current  for  such 
testing  as  with  direct  current  a  back  e.m.f.  of  polarization  of 
two  or  three  volts  may  exist,  and  the  voltage  used  must  be  such 
that  the  potential  drop  at  each  ground  will  be  large  enough 
that  the  back  e.m.f.  is  negligible  in  comparison.  Usually  an 
accuracy  of  five  to  ten  percent  is  all  that  is  desired  in  such 
measurements,  as  the  resistance  of  the  grounds  is  not  at  all 
constant. 
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The    purpose    of    this    Bection    ie    to    present       The    co-operation    of    all    those    ini (^rested    in 

accepted  practical  methods  nsed  by  oper.ting       operating  and  maintaining  railway  dquipment 

companies    throughout    the    country  is  invited.     Address  R.  O.  D.  1'  ditor. 


Railway  Motor  Testing-IV 


The  common  practice  in  a  large  number  of  car  barns  is 
to  take  the  assembled  motors  that  have  been  repaired  or  over- 
hauled and  mount  them  on  the  cars  without  final  checking, 
depending  upon  the  tests  given  the  armatures  and  field  coils 
in  the  winding  room  as  final  assurance  that  everything  is  O.  K. 
In  some  cases,  this  practice  apparently  is  satisfactory,  but  to 
prevent  the  occasional  failures  of  overhauled  cars  shortly  after 
being  put  in  service,  the  following  tests  should  be  made  on  the 
repaired  motors  before  mounting  them  on  the  car  trucks. 
INSULATION   RESISTANCE 

Object— \i  is  sometimes  advisable  to  measure  the  insula- 
tion resistance  of  the  electrical  apparatus  before  giving  it  i 
ground  test,  as  this  test  will  give  an  indication  of  the  condition 
of  the  insulation.  In  general,  insulating  materials  are  more 
or  less  affected  by  moisture,  and  if  given  a  ground  test  while 
damp,  and  having  a  low  resistance  value,  they  are  more  likely 
to  break  down  than  when  dried  out  and  having  a  higher  re- 
sistance value. 

Apparatus — Use  apparatus  as  shown  in  Fig.  8  in  Railway 
Operating  Data  for  January,  1919. 

Method— The  motor  to  be  tested  is  connected  up  to  the  test 
line  and  a  reading  of  the  voltmeter  is  taken  which  is  indicated 
by  di  in  the  formula  below.  The  terminals  are  then  discon- 
nected from  the  motor  and  held  together  while  a  second  read- 
ing of  the  voltmeter  is  taken,  which  is  indicated  by  d  in  for- 
mula. A  value  for  r,  which  is  the  resistance  of  the  voltmeter, 
can  be  obtained  from  the  data  attached  to  the  voltmeter.     Sub- 

(d-d,)      . 
stituting  these  values  in  the   formula,  R  =  r  /  ^    \    gives  a 

value  for  R  which  is  the  insulation  resistance  of  the  motor  in 
ohms.  If  this  value  is  below  50000  ohms,  it  is  not  advisable 
to  apply  the  ground  test.  Insulation  resistance  can  be  greatly 
improved  by  drj'ing  out  the  motor  in  an  oven. 

Precautions — Always  use  a  voltmeter  that  will  measure  the 
maximum   trolley  voltage   on   the   test  line.     Be   sure   that   the 
positive  side  of  the  meter  is  connected  to  the  positive  side  of 
the  circuit. 
GRODNDS 

Object— 'T\{\s  test  is  used  to  locate  defective  insulation  in 
the  commutators,  brushholders,  wiring-around-frames  and 
windings  of  the  field  and  armature. 

Apparatus — Depending  upon  the  voltage  test  to  be  given 
the  motor,  use  testing  outfits  as  follows : 

Lighting-out-line— Limit  500  volts  D.  C.  (See  Fig.  4  Janu- 
ary R.  O.  D.) 

Insulation  test  box— Limit  to  .S 000  volts  A.  C.   (Depends 
upon  the  design  of  box)  (See  Fig.  i  January  R.  O.  D.) 

Method— Ont  terminal  from  the  testing  circuit  is  put  on 
the  frame  or  shaft  of  the  motor  while  the  other  terminal  is 
held  on  the  motor  leads  or  commutator,  while  the  current  is 
applied.  It  is  advisable  that  this  test  should  be  for  at  least 
1200  volts  on  old  motors. 

Precautions— In  making  the  ground  test  with  the  insulation 
test  box,  make  and  break  the  current  by  means  of  the  switch 
on  the  testing  box,  and  not  by  the  terminals  applied  to  the 
motor  under  test.  If  you  make  and  break  the  circuit  at  the 
test  terminals,  a  voltage  kick  is  produced  that  may  be  of  such 
a  value  as  to  break  down  the  insulation  of  the  motor. 
POLARITY 

Object— To  check  the  field  coils  when  connected  up  in  the 
frame  to  see  that  the  current  is  passing  around  each  coil  in 
the  right  direction.  If  the  main  field  coils  are  not  properly 
connected,  the  motor  will  operate  at  a  higher  speed  and  tend 
to  take  more  than  its  share  of  the  load  and  overheat  the  arma- 
ture. It  the  commutating-pole  field  coils  are  not  properly  con- 
nected, the  motor  will  commutate  poorly  and  tend  to  flash. 

Apparatus — Use  apparatus  as  shown  in  connection  for  test- 
ing polarity  of  field  coils.  Fig.  9,  January  R.  O.  D. 

Method — The  current  is  passed  through  all  of  the  main 
field  coils  connected  in  series  and  by  means  of  a  compass  needle 
held  to  the  same  end  of  each  coil  or  to  the  bolts  or  studs  hold- 
ing the  poles  to  the  frame,  the  polarity  is  checked  by  noting 
which  end  of  the  compass  needle  is  attracted  by  the  coil.  Ad- 
jacent coils  should  attract  opposite  ends  of  the  compass  needle. 
A  separate  test  should  be  made  on  the  commutating-pole  coils. 


For  more  complete  details  of  this  method,  see  R.  O.   D.   De- 
cember, 1916. 
RUNNING  TEST — ON  FLOOR 

Object — To  check  the  condition  of  the  motor  bearings  while 
the  armature  is  rotating.  This  test  also  gives  an  indication  of 
the  running  balance  of  the  armature. 

Apparatus — Testing  circuit  to  run  motor  as  shown  by  Fig. 
10  in  January  R.  O.  D. 

Method — With  the  motor  on  the  floor,  connect  one  lead 
of  the  armature  to  a  field  lead,  and  the  other  field  and  the 
other  armature  lead  to  the  two  terminals  from  the  testing 
circuit.  With  the  circuit  breaker  closed,  move  the  control 
handle  to  the  0/1  position  until  a  safe  speed  (approximately 
1500  to  2000  r.p.m.)  is  obtained.  Run  at  this  speed  for  at  least 
five  minutes  and  note  the  condition  and  temperature  of  the 
bearings.  Any  bearings  which  show  rapid  temperature  rise 
should  be  adjusted  before  being  put  into  service.  Also  note 
the  amount  of  vibration  while  the  motor  is  running.  If  the 
vibration  is  considerable,  with  a  tendency  for  the  frame  to 
creep  on  the  floor,  the  armature  is  out  of  balance  and  the  motor 
bearing  wear  will  be  excessive. 

Precautions — Be  sure  to  see  that  the  bearings  are  properly 
packed  and  lubricated  before  starting  the  test.  See  that  carbon 
brushes  are  in  place.  Do  not  exceed  the  dangerous  speed  limit 
of  the  armature,  which  is  found  by  dividing  the  safe  allowable 
peripheral  speed  of  the  armature  core,  (which  may  be  assumed 
to  be  7000  feet  per  minute)  by  the  circumference  of  the  arma- 
ture core  in  feet. 


^-^PW 


SPECIAL  TEST  ON  FLOOii 

Other  running  tests  that  are  sometimes  made  on  motors 
after  being  repaired  are  load  tests  to  determine  any  wrong  con- 

FIG.    19 — MOTORS  COUPLED  FOR  RUNNING  LOAD  TEST  ON  FLOOR.      THE 
MOTORS   MUST  BE  SECURELY  BOLTED  DOWN  DURING  THIS  TEST 

ncctions  of  the  windings;  also  to  locate  any  defects  -in  the 
soldering  of  the  armature  and  field  windings.  In  making  these 
tests,  two  machines  are  coupled  together,  one  used  as  a  motor 
to  drive  the  other  which  is  used  as  a  generator  to  furnish  the 
load,  as  shown  in  Fig.  19,  the  generated  current  usually  being 
used  to  help  drive  the  motor  by  the  "loading  back  method." 
RUNNING  TEST  ON  CAB 

Object — To  check  the  connections  of  motors  to  the  car 
wiring,  after  they  are  placed  on  the  trucks  under  the  car.  This 
test  is  necessary  to  make  sure  that  all  of  the  motors  when  tak- 
ing current  from  the  trolley,  rotate  in  the  same  direction  and 
pull  together. 

Apparatus — The  regular  car  equipment. 

Method — One  pair  of  motors  on  a  quadruple  equipment,  or 
one  motor  of  a  double  equipment  are  cut  out  and  with  the  con- 
troller on  "forward"  position,  the  wheels  of  the  motors  in  the 
circuit  arc  spun  (  a  little  water  on  the  rail  will  aid  this  slip- 
ping), and  the  direction  of  rotation  checked  and  made  to 
correspond  to  the  position  on  the  controllers.  This  operation 
is  repeated  for  the  backward  position  of  the  controller  as  a 
further  check.  In  a  similar  manner,  the  other  motors  are 
checked. 

Precautions — In  making  these  tests,  be  sure  there  is  suffi- 
cient clear  track  at  both  ends  of  the  car  to  allow  for  a  short- 
travel  of  the  car.  Ring  the  bell  to  warn  other  workmen.  Be 
sure  the  brakes  are  properly  adjusted.  J.  S.  Dean 
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1724 — Generator   Compounding  —  What 
is  the  approximate  ratio  of  the  shunt 
field  ampere  turns  to  the  series  field 
ampere   turns   in   say   a   50  kvv,   com- 
pound   winding   direct-current    gener- 
ator? H.R.L.  (pa.) 
The    series    field    ampere-turns    in    a 
50    kw,    direct-current    generator    range 
from  25  to  50  percent  of  the  shunt  field 
ampere-turns.     The  proportion  increases 
with    the    amount    of    overcompounding 
required,   and   generally   is    larger   in    a 
low-speed  machine  than  in  a  high-speed 
machine.  f.l.m. 

1725 — Single-Phase  Motor  Winding— 
I  have  a  two  horse-power,  six-pole, 
repulsion  starting  single-phase  motor. 
The  commutator  has  Si  commutator 
bars  and  the  rotor  has  82  coils.  I 
was  instructed  to  wind  with  lead 
pitch  of  I  and  28  retrogressive  wind- 
ing. Am  I  right  when  I  say  that  a 
lead  pitch  of  /  and  28  will  short-cir- 
cuit itself  the  first  time  around,  as 
the  leads  will  fall  in  slots  i  +  28  + 
55  -f-  82.  To  be  retrogressive  the 
winding  leads  should  fall  i  +  27  + 
53  +  79  w'hich  will  leave  two  extra 
bars  between  79  +  81.  T.s.  (CAL.) 

The  term  "lead  pitch"  is  sometimes 
used.  "Lead  throw"  or  "lead  span" 
would  be  better.  An  81  bar  commutator 
cannot  be  wound  for  six  poles  using 
two  circuit  or  wave  winding  and  utiliz- 
ing all  bars.  In  this  case,  connect  the 
leads  to  bars  i  and  28.  Connect  any 
two  adjacent  commutator  bars  together 
and  consider  the  commutator  as  having 
80  bars.  This  will  leave  two  dead  coils 
which  should  not  be  connected  to  the 
commutator.  In  this  type  of  motor  it 
is  immaterial  whether  the  winding  is 
progressive  or  retrogressive.  c.h.g. 

1726 — Blue  Commutator — What  could 
cause  the  commutator  to  get  blue  on 
a  90  hp,  500  volt  direct-current  crane 
type  motor?  There  is  no  sparking  at 
the  brushes  and  the  motor  is  not 
overloaded.  Could  I  use  no  volts, 
direct-current  for  lighting  on  a  coal 
crane  and  ground  the  negative  line 
on  the  same  circuit  with  600  volts 
direct-current  with  the  negative 
grounded  and  use  the  positive  on  a 
trolley  line?  Could  I  use  no  volts 
single-phase  alternating  current  for 
lighting  on  a  coal  crane  and  ground 
one  line  on  a  600  volt  grounded  cir- 
cuit and  use  the  other  line  for  a 
trolley?  a.r.h.  (wis.) 

The  commutator  may  be  worn  down 
to  such  an  extent  that  the  brushes  cover 
too  many  commutator  bars,  or  the 
brushes  may  be  wider  than  they  should 
be  for  this  machine,  thereby  causing 
extensive  heating  in  the  brush  faces 
due  to  the  current  in  the  coils  short- 
circuited  by  the  brushes.  Or  there 
may  be  partial  short-circuits  between 
commutator  bars  due  to  failure  of  the 
insulation  or  to  dirt  or  oil,  causing  ex- 
cessive current  to  flow  through  the  com- 
mutator,    (b)  It  is  perfectly  feasible  to 


ground  one  side  of  two  or  more  cir- 
cuits on  the  crane,  regardless  of  the 
voltage  and  kind  of  current.  j.m.h. 

1727— Reversal  of  Exciter  Voltage — 
The  electrical  equipment  in  question 
consists  of  a  large  turbogenerator,  a 
direct-connected  exciter  and  a  voltage 
regulator  for  controlling  the  exciter 
voltage.  The  regulator  was  not 
operating  properly  and  the  operator, 
wishing  to  take  it  out  of  service  to 
adjust  it,  proceeded  in  the  usual 
manner.  Before  he  got  the  regulator 
out  of  service,  however,  the  exciter 
voltage  dropped  rapidly,  the  generator 
being  connected  to  its  load  all  the 
while.  The  exciter  voltage  not  only 
dropped  to  a  point  proportionate  to 
the  shunt  field  rheostat  setting,  but 
continued  falling  to  zero  and  then  it 
built  up  in  the  reverse  direction,  that 
is,  the  exciter  polarity  became  re- 
versed. Shortly  afterwards  the  writer 
was  watching  the  switchboard  while 
the  operator  went  to  the  basement  to 
adjust  the  exciter  shunt  field  rheostat, 
the  control  voltage  at  the  time  being 
too  low  to  operate  the  magnetic  con- 
trollers on  the  rheostat.  The  operator 
intended  to  raise  the  exciter  voltage 
but  by  mistake  turned  the  rheostat  m 
the  wrong  direction  and  low  exciter 
voltage  again  resulted.  The  exciter 
voltage  again  fell  to  zero  and  again 
built  up  to  normal  voltage  of  reversed 
polarity  that  is  the  exciter  polarity 
was  reversed  a  second  time,  which  of 
course  left  it  with  the  correct  and 
original  polarity.  This  second  re- 
versal also  took  place  while  the 
generator  was  connected  to  its  load. 
The  question  is,  what  reversed  the 
exciter  polarity.  Is  the  writer  correct 
in  the  following  explanation?  The 
low  exciter  voltage  caused  a  corres- 
ponding low  alternating  voltage  and 
the  resulting  high  load  current.  This 
high  load  current  induced  in  the 
alternator  field  a  pulsating  current 
which  flowed  in  a  closed  circuit 
through  the  exciter  armature  and 
fields,  and  flowing  through  the  series 
fields  in  the  reversed  direction,  it 
reversed  the  polarity  of  the  exciter. 
The  exciter  then  built  up  to  normal 
voltage,  but  with  reversed  polarity, 
and  the  alternator  assumed  normal 
voltage  and  normal  load  current. 

r.m.h.  (pa.) 
The  following  possible  explanation 
of  the  phenomenon  described  is  based 
on  the  supposition  that  the  series  field 
is  weak,  or  the  brushes  are  rocked  for- 
ward considerably,  to  such  a  degree  that 
the  demagnetizing  component  of  arma- 
ture reaction  is  stronger  than  the  series 
field.  Suppose  a  large  portion  of  the 
exciter  shunt  field  rheostat  is  cut  in. 
The  exciter  voltage  begins  to  drop,  but 
due  to  the  high  inductance  of  the 
turbogenerator  field,  the  exciter  load 
current  holds  up.  Consequently,  when 
the  exciter  voltage  and  shunt  field  cur- 
rent have  reached  a  very  low  value,  the 


armature  current  may  still  be  fairly 
large,  and  may  overpower  the  shunt 
and  series  fields,  thereby  reversing  the 
flux  in  the  machine.  This  results  in 
reversal  of  the  exciter  terminal  voltage, 
permitting  it  to  build  up  again,  but  with 
the  opposite  polarity.  f.l.m. 

1728— Electrolytic  Manufacture  of 
Oxygen — What  is  the  direct-current 
voltage  applied  to  electrolytic  cells  for 
generating  oxygen  from  water  so  as 
not  to  raise  steam  or  mist?  How 
much  sulphuric  acid  to  each  gallon  of 
water?  What  other  salts  or  chemicals 
can  be  added  to  the  water  as  a  carrier 
of  current  and  how  much  to  the 
gallon  of  water?  I  want  to  use  oxy- 
gen for  experimental  purposes  and 
the  use  is  intermittent  and  I  want  to 
get  all  the  oxygen  that  the  cell  or 
cells  are  capable  of  delivering.  There 
are  about  five  gallons  of  water  per 
cell.  I  have  a  12  volt  generator  with 
a  capacity  of  50  amperes. 

l.t.a.  (tenn.) 
The  voltage  required  for  electrolytic 
cells  for  generating  oxygen  from  water 
would  probably  be  2.5  to  3  volts  per 
cell.  A  current  of  about  20  amperes 
per  square  foot  of  electrode  could  prob- 
ably be  used  without  raising  an  ob- 
jectionable amount  of  steam,  although 
this  depends  largely  on  the  design  of 
the  cell.  A  20  percent  solution  of  sul- 
phuric acid  would  probably  give  about 
the  proper  conductivity,  although  this 
could  best  be  determined  by  trials. 
However,  in  electrolytic  cells  an  alkaline 
solution  is  often  used,  as  this  is  more 
efficient.  About  15  percent  caustic  soda 
or  20  percent  caustic  potash  is  the 
strength  usually  used.  With  an  acid 
solution,  lead  plates  are  used,  while  with 
an  alkaline  solution  iron  plates  are 
used.  The  iron  anodes  would  have  to 
be  renewed  occasionally  owing  to  traces 
of  chlorides,  which  would  render  them 
non-passive.  A  well  designed  electro- 
lytic cell  will  require  from  13  to  15 
kw-hrs.  per  cubic  meter  of  oxygen 
generated.  The  ventilation  of  a  room 
where  electrolytic  cells  are  located 
should  be  very  good,  as  otherwise  an 
explosive  mixture  of  oxygen  and  hydro- 
gen might  result  from  leakage.  The 
cell  should  also  be  designed  so  that 
there  is  no  danger  of  the  gases  mixing 
as  they  are  generated.  c.h.m. 

1729 — Reconnecting    Rotor — In    recon- 
necting a  slip  ring  motor  for  a  differ- 
ent voltage,  is  it  necessary  to  change 
the    rotor   connections    to   parallel    or 
series    circuits    corresponding    to    the 
stator  connections,   raising  or  lower- 
ing the  voltage  as  the  case  may  be? 
It  is  my  opinion  that  it  is  not  neces- 
sary. B.C.    (IND.) 
It  is  not  necessary  to  change  the  rotor 
connections  in  changing  the  stator  con- 
nections   for   a   different   voltage.    This 
is    due   to   the   fact   that   the   volts   per 
conductor  which  induce  the  voltage  in 
the    rotor   conductors    are   not   changed 
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within   narrow  limits  when   the  change 
in  the  primary  is  made.  b.b.r. 

1730 — No-Load  Conditions  of  an  In- 
duction Motor — What  current  should 
a  100  hp,  3  phase,  60  cycle,  550  voh 
motor,  98  amperes  per  terminal  and 
700  r.p.m.  draw  running  light,  that  is, 
with  no  pulley  on  the  shaft?  Would 
the  autotransformer  starter  for  the 
above  motor  normally  have  a  hum- 
ming sound  and  apparently  draw  cur- 
rent from  the  line  when  thrown  to 
the  starting  position  with  motor 
leads  open?  r.o.   (ga.) 

A  squirrel-cage  motor  of  this  rating 
will  require  approximately  40  amperes 
per  phase  when  running  light.  This 
value  will  vary  in  motors  made  by 
different  manufacturers.  The  auto- 
starter,  when  put  on  the  starting  tap, 
may  hum  the  same  as  any  transformer 
when  put  on  the  line,  and  will  take 
current  from  the  line  for  magnetizing 
the  iron.  c.w.k. 

1731^ — Parallel  Operation  of  Com- 
pound Exciters — In  operating  com- 
pound wound  exciters  in  parallel,  with 
the  positive  switch  controlled  by  one 
pull  button  switch  and  the  negative 
and  equalizer  by  another  pull  switch, 
what  is  the  proper  sequence  to  close 
switches  when  wishing  to  put  on  a 
second  exciter,  the  positive  switch 
first  or  the  negative  and  equalizer, 
when  regulation  is  by  Tirrill  regu- 
lator? In  connecting  a  Westing- 
house  type  D  reverse  current  relay 
in  the  leads  to  the  exciters,  which 
switch  should  it  be  set  to  trip  when 
the  negative  and  equalizer  work  to- 
gether   and    the    positive    separate? 

E.E.S.  (oHio) 
We  recommend  closing  the  negative 
and  equalizer  switch  first,  thus  permit- 
ting the  series  field  to  be  built  up  first. 
This  method  should  give  less  disturb- 
ance to  the  system  than  would  be  the 
case  if  the  positive  switch  is  closed  first. 
This  method  should  be  followed  irre- 
spective of  whether  there  is  a  regulator 
or  not.  If  trouble  is  experienced  on 
account  of  the  use  of  the  voltage  regti- 
lator,  it  is  due  to  the  manipulation  of  the 
exciter  rheostats.  The  reverse  current 
relay  should  preferably  be  connected  to 
trip  both  the  negative  and  equalizer 
circuit  breaker  and  positive  circuit 
breaker.  In  case  onlv  one  can  be 
tripped,  the  negative  and  equalizer 
switch  should  be  brought  out.        h.a.t. 

1732 — Design  of  High-Voltage  Trans- 
formers— Is  it  possible  to  construct  a 
high-tension  transformer  which  will 
give  a  very  high  voltage,  but  an  in- 
significant amount  of  current.  What 
is  wanted  is  a  transformer  to  step  up 
110  volts,  60  cycles  to  20000  or  40  000 
volts.  This  secondary  is  wanted  to 
excite  Crookes  Tubes,  but  the  second- 
ary current  must  be  kept  very  low. 
The  idea  is  to  get  an  effect  something 
like  an  induction  coil,  or  a  static 
machine.  I  have  attempted  to  use  a 
transformer  in  the  ordinary  way,  but 
the  tube  suddenly  heated  up  to  an 
excessive  point.  I  also  tried  by  put- 
ting a  reactance  in  series  with  the 
primary,  but  this  seemed  to  cut  down 
the  voltage  also.  This  transformer 
stepped  no  volts  up  to  about  7500 
■volts.  The  primary  is  wound  with 
No.  18  wire,  and  the  secondary  with 
No.  35.  The  iron  is  run  at  about 
30000  lines  per  sq.  in.     What  would 


be  necessary  to  obtain  the  above  de- 
sired result,  if  it  is  possible? 

N.j.v.  (calif.) 
It  is  possible  to  construct  a  trans- 
former that  is  suitable  for  exciting 
Crookes  Tubes  but  they  are  not  as  suit- 
able for  that  seri'ice  as  an  induction 
coil.  A  transformer  for  this  purpose 
should  have  high  reactance,  that  is,  it 
should  have  a  large  leakage  flux  be- 
tween primary  and  secondary.  This 
can  best  be  obtained  by  making  the 
transformer  core  type  and  winding  the 
primary  on  one  core  leg  and  the  second- 
ary on  the  other.  J.F.P. 

1733 — Magnetic  Center  of  Generator 
— I  would  like  to  know  the  proper 
method  of  determining  the  magnetic 
center,  that  is  the  point  which  the 
rotor  will  assume  if  allowed  to  find 
its  own  center  of  a  1500  kw,  three- 
phase,  iSoo  r.p.m.  steam  turbine- 
driven  alternating-current  generator. 
Can  it  be  found  by  measuring  the 
iron  of  the  rotor  and  stator  and  if 
so,  how  much  could  the  center  line 
of  the  rotor  iron  be  out  from  the 
center  line  of  the  stator  iron,  when 
the  stator  iron  measures  8  ft.,  0.75  in. 
and  the  rotor  iron  8  ft.  outside  to 
outside  measurements?  If  the  gener- 
ator were  run  as  a  synchronous  motor 
and  allowed  to  find  its  center  would 
that  be  correct  for  the  generator 
under  full  load?  e.e.s.    (ohio) 

In  assembling  a  turboalternator,  the 
vertical  center  line  of  the  stator  iron 
should  be  lined  up  with  the  center  line 
of  the  active  iron  of  the  rotor  and  the 
rotor  will  then  be  in  its  magnetic  center, 
provided  the  flux  density  is  equal  on 
both  ends  of  the  machine.  Unequal 
flux  densities  on  either  side  of  the 
center  line  may  be  caused  by  the  iron 
being  built  up  tighter  on  one  side  than 
the  other,  and  result  in  a  thrust  which 
will  throw  the  centers  out  of  line  when 
running,  but  this  movement  is  so  slight 
that  it  can  be  taken  care  of  in  the  play 
of  the  bearing.  If  both  bearings  are  at 
the  same  elevation,  the  rotor  will  find 
its  true  magnetic  center  w'hen  the  ma- 
chine is  run  as  a  synchronous  motor, 
and  will  not  change  between  no  load 
and  full  load.  Usually,  however,  the 
two  outboard  bearings  of  a  turbine- 
driven  unit  are  slightly  elevated  in  order 
to  bring  the  two  faces  of  the  coupling 
parallel  to  each  other,  and  in  this  event, 
if  the  generator  were  run  as  a  syn- 
chronous motor,  the  rotor  would  drift 
toward  the  inboard  bearing  and  away 
from  its  magnetic  center.  s.l.h. 

1734 — Armature  Winding  of  Universal 
Motor — On  winding  small  direct-cur- 
rent and  universal  machine  armatures, 
I  have  met  with  a  peculiar  pheno- 
menon which  I  would  like  to  have 
explained  in  a  simple  form.  On 
several  occasions  in  trying  to  connect 
the  winding  to  the  commutator,  I  was 
unable  to  find  a  definite  neutral  point, 
as  I  understand  the  leads  connecting 
the  commutator  bars  directly  under 
the  brushes  should  coiue  from  the 
coil  spanning  one  pole  piece;  that  is 
both  halves  of  the  coil  lying  in  the 
armature  slots  which  are  between  the 
pole  tips  of  adjacent  poles  should  be 
connected  to  the  before  mentioned 
bars,  but  I  found  that  this  rule  does 
not  hold  true  on  this  small  machine. 
Please  explain  how  to  find  the  proper 
bars  to  which  to  connect  the  coils, 
providing  the  span,  size  of  wire  and 


number  of  turns  and  ever>-thing  is  in 
strict  accordance  with  the  designers 
specifications.  f.s.    (ohio) 

Small  commutating  armatures  are 
frequently  operated  with  the  brushes 
not  on  the  neutral  point,  which  is 
probably  the  cause  of  the  difficulty.  A 
great  many  of  the  small  universal 
motors,  which  resemble  the  usual  direct- 
current  design  with  laminated  fields,  are 
operated  with  the  brushes  located  some 
distance  back  of  the  neutral  point.  No 
general  rule  can  be  given  for  the 
amount  of  shift,  as  this  would  depend 
entirely  upon  the  design  and  the  results 
desired.  In  rewinding  a  machine  of 
this  type,  the  only  safe  rule  to  follow 
is  to  observe  carefully  the  throw  of  the 
coils  and  the  connection  to  the  commu- 
tator used  in  the  original  machine  and 
connect  the  new  winding  in  the  same 
manner.  One  other  point  which  may 
have  caused  confusion  is  the  fact  that 
generally  these  small  armatures  are 
wound  with  a  coil  span  slightly  less 
than  the  number  of  slots  divided  by  the 
number  of  poles.  This  is  generally 
done  to  facilitate  winding  and  save  end 
room.  On  such  windings  the  neutral 
point  is  at  the  location  of  the  coil  ends 
on  the  commutator  when  the  two  sides 
of  the  coil  are  located  equal  distances 
from  the  center  of  the  pole  face,    g.h.g. 

173s — Arc  Welding — In  the  September 
Journal  is  an  instructive  article  on 
arc  welding,  from  which  it  would 
appear  that  it  is  necessary  to  have  a 
special  generating  outfit  for  this  work. 
I  would  like  to  know  if  it  is  not 
practicable  to  use  the  regular  240  or 
120  volt  lines  in  the  plant  as  long  as 
they  have  abundant  capacity.  Also 
how  would  I  figure  the  right  sort  of 
resistance  and  reactance  to  do  this? 
Is  it  possible  to  weld  rail  bonds  from 
a  240  volt  direct-current  trolley  wire 
with  resistance  only  in  series  with 
the  arc?  r.w.b.   (mich.) 

There  are  several  objections  to  the 
use  of  a  resistance  connected  to  a  120 
or  240  volt  direct-current  circuit  for 
arc  welding.  However,  it  is  entirely 
feasible  to  perform  the  work  by  this 
means  and,  in  the  hands  of  an  experi- 
enced welder  an  entirely  satisfactory 
weld  can  be  made  upon  materials  and 
shapes  which  are  suited  to  repair  and 
fabrication  by  the  arc  welding  process. 
For  general  arc  welding  work,  the  use 
of  the  metallic  electrode  process  will 
result  in  much  more  satisfactory  welds 
than  the  use  of  the  carbon  electrode. 
Therefore,  the  metal  electrode  only 
will  be  considered.  The  potential  drop 
across  the  metallic  electrode  arc  should 
be  maintained  by  the  operator  at  a 
value  of  20  volts  or  less,  if  possible, 
and  never  above  25  volts  for  momentary 
periods.  Where  constant  potential  cir- 
cuits are  used  for  supplying  power  to 
the  arc  it  is  necessary  to  have  a  re- 
sistance in  series  with  the  electrode  to 
stabilize  the  arc.  Actual  experience 
has  proven  that  a  60  volt  potential  is 
sufficiently  high  for  this  service.  It  is 
obvious,  therefore,  that  when  power  is 
supplied  by  a  120  or  240  volt  line  the 
losses  in  series  resistance  are  increased, 
thereby  decreasing  the  efficiency  and 
economy  of  the  welding  work.  Further- 
more, with  such  a  high  open  circuit 
potential  available  it  is  possible  for  the 
operator  to  maintain  an  extremely  long 
arc  having  a  potential  drop  of  as  high 
as  3.!;  to  40  volts,  or  possibly  higher  for 
momentary  periods.     This  will  result  in 
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lack  of  penetration  of  deposited  material 
and  also  porosity  and  oxidization  of  the 
surface  of  the  deposited  material. 
These  undesirable  effects  can  be  elimin- 
ated by  a  conscientious  workman  who 
will  continuously  maintain  a  short  arc 
of  20  volts  or  less.  With  a  120  or  240 
volt  circuit  it  is  unnecessary  to  make 
use  of  a  reactance  in  addition  to  the 
resistance,  especially  in  the  case  of  the 
higher  potential,  because  the  arc  voltage 
is  a  relatively  small  percentage  of  the 
line  voltage.  Therefore,  the  increase 
of  current  when  the  electrode  is  touched 
to  the  work  will  not  be  appreciably 
greater.  Theoretically,  in  the  case  of 
the  120  volt  line  potential  and  a  re- 
sistance desigrned  for  20  volt  arc  the 
increase  of  current  upon  short-circuiting 
the  electrode  would  be  20  percent 
approximately,  whereas,  in  the  case  of 
the  240  volt  circuit  the  increase  of  cur- 
rent theoretically  would  be  nine  percent 
approximately.  To  compute  the  proper 
amount  of  resistance  for  a  metal  elec- 
trode welding  circuit  the  potential  drop 
across  the  resistance  should  be  based 
upon  ICO  volts  in  case  of  a  120  volt  line 
and  220  volts  in  case  of  a  240  volt  line. 
For  all-around  welding  work,  the  re- 
sistance should  be  designed  so  that  the 
current  flowing  may  be  varied  between 
the  limits  of  25  amperes  minimum  to 
225  amperes  maximum.  Owing  to  the 
difference  in  the  fusing  temperature  of 
copper  and  steel  rails  it  is  very  difficult 
to  arc  weld  copper  bonds  to  steel  rails. 
This  work  is  probably  best  accomplished 
by  means  of  one  of  the  resistance  weld- 
ing devices,  a  number  of  which  are  on 
the  market  and  available  for  this  service. 
It  has  been  the  practice  of  several 
mine  operators,  however,  to  eliminate 
the  copper  bonding  of  the  rails  and 
resort  to  arc  welding  the  fish-plates  or 
rail  joints  directly  to  the  rails  at  each 
end  of  the  plate  or  joint,  making  use 
of  the  metallic  electrode  process,    a.m.c. 

1736 — Fluctuating  Load — The  writer 
has  a  SCO  kw  and  a  150  kw,  six-phase, 
60  cycle,  250  volt  rotary  converter. 
The  250  volt  machine  is  used  for 
elevators  and  the  load  averages  from 
three  second  readings  about  500 
amperes.  The  amperes  go  with  just 
a  swing  of  the  needle  and  back  up 
to  1000  amperes  about  once  in  five 
minutes  but  most  of  the  time  stay 
swinging  from  300  to  600.  The  con- 
verters are  of  the  commutating  pole 
type,  and  consequently  should  stand 
at  least  900  amperes  on  the  150  kw 
but  the  circuit  breaker  is  set  at  its 
limit  of  950  and  flies  out,  hence  we 
have  to  operate  the  500  kw  on  an 
average  of  one-quarter  load.  Now  I 
would  like  your  opinion  as  to  the 
idea  of  placing  a  choke  coil  in  the 
feeder  from  the  150  kw  to  choke 
down  to  say  900  amperes  when  it 
would  go  to  1000  or  1 100  and  if  this 
would  work,  the  little  machine  of  ISO 
kw  could  be  run  and  be  quite  a  sav- 
ing. Would  there  be  any  undesirable 
effect,  or  in  the  starting  of  the  ele- 
vator, would  they  just  start  a  little 
slower?  The  excess  current  is  due 
to  a  number  of  elevators  starting 
simultaneously.  Would  you  advise  a 
reactance  coil   with  or  without  iron? 

J.E.M.     (MICH) 

Upon  starting  an  elevator,  the  cur- 
rent in  the  motor  armature  rises  rapidly 
to  its  maximum,  as  limited  by  the  first 
resistance  step.  An  instant  later,  the 
car   starts,    and   as   the   car   speeds    up 


and  the  counter  e.m.f.  of  the  motor 
builds  up  the  current  decreases.  There- 
fore, to  limit  the  maximum  value  of 
current  drawn  from  the  converter, 
when  the  elevators  are  started,  by 
means  of  a  choke  coil,  as  you  have 
suggested,  the  inductance  of  this  coil 
must  be  sufficient  to  keep  the  current 
from  reaching  its  maximum  value  be- 
fore the  car  starts.  Oscillograms  taken 
of  the  armature  current  of  elevator 
motors  starting  under  normal  condi- 
tions show  that  the  armature  current 
rises  to  its  maximum  value,  as  limited 
by  the  first  resistance  step,  in  a  small 
fraction  of  the  time  required  for  the 
car  to  start  moving.  Therefore,  it  is 
evident  that  a  choke  coil  of  consider- 
able inductance  will  be  required.  On 
one  of  the  elevator  systems  of  a  hotel 
in  one  of  the  large  cities,  considerable 
trouble  was  experienced  due  to  sudden 
jerks  and  too  rapid  acceleration  of  the 
elevator  motors  with  subsequent  wear 
and  breaking  of  the  cables.  This  was 
remedied  to  a  large  extent  by  the  use 
of  a  choke  coil  in  the  armature  circuit. 
The  oscillogram  taken  in  connection 
with  this  test  showed  that  the  rate  at 
which  the  current  increased  was  ma- 
terially reduced  by  the  use  of  the  in- 
ductance coil,  but  did  not  keep  the 
current  from  reaching  its  final  value 
before  the  car  started.  Assuming  that 
the  maximum  current  peak  is  due  to 
several  elevators  starting  simultaneously, 
as  you  have  suggested,  calculations 
based  on  the  above  tests  indicate  that 
an  inductance  of  at  least  0.08  henry  will 
be  required  to  limit  the  current  peak 
to  the  desired  value  of  goo  amperes. 
A  coil  of  this  inductance  wound  on  an 
iron  core  (which  would  be  the  cheapest) 
and  having  sufficient  current-carrying 
capacity  will  probably  weigh  several 
times  as  much  as  the  150  kw  converter. 
Therefore,  the  use  of  an  inductance 
coil  to  limit  the  peak  value  of  the  cur- 
rent drawn  by  the  elevator  motors  is 
out  of  the  question.  However,  a  reason- 
able amount  of  reactance,  as  shown  by 
the  above  mentioned  test  will  smooth 
out  the  acceleration  of  the  car  and 
limit  the  current  peaks  to  a  small  ex- 
tent, due  to  the  various  steps  in  the 
control  system.  Hence,  if  the  current 
peaks  which  open  the  circuit  breaker 
are  partially  due  to  rather  sudden  in- 
creases in  the  current  caused  by  some 
peculiarity  in  the  control  circuit,  a 
reasonable  amount  of  inductance  might 
be  of  some  value  in  holding  down  the 
peak  value  of  the  current.  If  the  cur- 
rent peak  is  caused  by  several  elevators 
starting  simultaneously  and  if  the  total 
amount  of  current  as  limited  by  the  re- 
sistance in  the  first  step  of  the  control 
(which  is  not  usually  the  case)  is  re- 
quired to  start  the  car,  an  inductance 
would  not  do  any  good,  for  the  car 
would  not  start  until  the  current  had 
reached  its  maximum  value.  If  there 
is  a  large  margin  between  the  current 
drawn  on  the  first  step  of  the  control 
and  that  actually  required  to  start  the 
elevators,  the  current  peak  could  be 
limited  by  inserting  a  higher  resistance 
in  the  control  circuit  upon  starting  the 
car.  Assuming  the  r.m.s.  value  of  the 
current  is  within  the  limit  of  the  ISO 
kw  converter,  so  far  as  heating  is  con- 
cerned (which  is  apparently  so  from 
the  values  of  current  you  have  given) 
the  machine  should  be  able  to  stand  the 
momentary  overload  of  1000  to  1 100 
amperes.  Therefore,  if  there  is  no 
other   reason    for   limiting   the   current 


peak  than  to  bring  it  with  the  limit  of 
the  present  circuit  breaker,  it  seems 
that  the  most  logical  and  inexpensive 
thing  to  do  would  be  to  install  a  new 
circuit  breaker  of  sufficient  capacity  to 
handle  the  current.  m.w.s. 

1737  —  Wedges  for  Armatures  —  We 
have  had  considerable  trouble  with 
wedges  for  direct-current  motor 
armatures.  At  present  we  are  using 
fibre  wedges  but  find  that  they  oc- 
casionally carbonize  and  become  loose, 
so  that  the  coils  are  thrown  out. 
Please  advise  what  other  material 
??M  '^^^  "^'^^  ^°^  this  purpose. 
What  would  be  the  effect  of  metal 
wedges,  such  as  steel,  brass  or 
alummum?  e.h.a.  (wis.) 
Our  experience  is  that  fibre  does  not 

carbonize  at  temperatures  materially 
below  IDS  degrees  C.  and  all  motors 
ot  the  present  day  are  designed  to 
work  below  that  point.  Fibre  is  prob- 
ably the  best  material  for  direct-current 
armature  wedges.  However,  there  are 
different  grades  of  fibre  and  only  the 
best  grade  is  suitable  for  wedges. 
Metal  wedges,  if  made  of  brass  or 
any  other  non-magnetic  metal,  give 
fairly  good  service  if  thev  can  be  in- 
sulated properly  from  the  armature 
iron.  Steel,  iron  or  any  other  magnetic 
metal  cannot  be  used  for  wedges  for 
commutation  reasons.  Such  magnetic 
wedges  would  cause  such  very  high  re- 
actance in  the  armature  that  the  com- 
mutation would  be  poor.  Wooden 
vvedges  give  fairly  good  results  but 
they  are  hard  to  put  in  the  armature 
slot  if  cut  across  the  grain,  and  they 
split  easily  if  cut  along  the  grain. 

F.J.A. 

1738  — Reconnecting  Direct-Current 
Motor — Sometimes  it  is  convenient 
to  change  the  voltage  of  a  single 
series-wound  armature  say  from  500 
to  250  volts  by  reconnecting  the  com- 
mutator, making  a  double  series 
winding,  assuming  of  course  that 
such  connections  are  changed  properly 
in  the  commutator  and  also  that  the 
proper  voltage  field  coils  are  used 
giving  the  same  magnetic  density  in 
each  case.  What  is  the  proper 
analysis  to  make  to  determine  before- 
hand whether  the  machine  will  or 
will  not  commutate  properly?  In 
cases  of  armatures  with  four  coils 
per  slot  (two  top  and  two  bottom) 
and  six  coils  per  slot  (three  top  and 
three  bottom)  is  there  one  of  them 
that  cannot  be  reconnected  for  one 
half  original  voltage  on  account  of 
the  mutual  or  self  induction  of  in- 
ductors in  the  slots?  r.l.b.  (ohio) 
A    detailed    analysis    of    single    and 

double  series  windings  cannot  be  made 
brief  enough  for  reply  to  the  above 
question,  but  some  general  statements 
will  be  made  which  will  indicate  whether 
a  given  machine  will  commutate  properly 
with    single    or    double    series    winding. 

(a)  A  double  series  winding  should 
have  such  a  number  of  slots  and  com- 
mutator bars  that  equalizer  connections 
from  one  winding  to  the  other  can  be 
connected     to     equal     potential     points. 

(b)  To  obtain  condition  (a)  the  total 
number  of  commutator  bars  must  be  a 
multiple  of  half  the  number  of  circuits 
and  the  number  of  poles  must  be  a 
multiple  of  the  number  of  circuits 
(single  series  having  two  circuits  ^nd 
a  double  series  four,  etc.)  If  condi- 
tions (a)  and  (b)  are  met  the  commu- 
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tator  connections  for  the  double  series 
winding  can  be  made  and  equalizers 
added  without  making  commutation 
any  worse.  It  is  not  advisable  to  make 
the  change  unless  the  equalizers  are 
used.  The  number  of  coils  per  slot 
should  have  no  effect  on  commutation 
with  the  above  change.  A  single  scries 
progressive  winding  may  be  connected 
for  double  series  by  taking  the  top  lead 
out  of  its  commutator  bar  and  setting 
it  in  the  next  bar  back.  Another 
method  of  reconnecting  a  single  series 
winding  for  half  voltage  is  to  connect 
the  commutator  bars  together  in  pairs 
(with  solder  if  a  small  machine  but 
with  a  copper  jumper  if  the  machine  is 
large).  Before  reconnecting,  the  wind- 
ing should  be  changed  to  a  double  scries 
winding  and  bars  to  be  connected  in 
pairs  must  have  their  corresponding 
conductors  lying  in  the  same  slot.  If 
they  lie  in  different  slots  short  circuit 
currents  will  be  generated,  causing  ex- 
cessive heating  of  the  armature  wind- 
ing. It  follows,  therefore,  that  this 
scheme  cannot  be  used  where  the 
number  of  coils  per  slot  is  not  a  multiple 
of  2.  It  should  be  understood  that  the 
commutator  capacity  will  limit  the  rat- 
ing when  the  voltage  is  cut  in  half,  but 
with  above  connection  a  wider  brush 
may  be  used  so  the  new  rating  will  he 
something  more  than  half  that  with  full 
voltage.  Mutual  and  self  induction 
will  not  prevent  reconnecting  the  arma- 
ture for  double  series  winding. 

E.M.C. 

1 730 — Battery    Capacity    of    Electric 

Vehicle — How  do  you  determine  the 

size  of  motor  or  motors  and  battery 

to    propel    an    electric    vehicle.      For 

example,  total  load  of  car,  including 

weight  of  car,  three  tons  at  ten  miles 

per  hour.  c.a.k.   (n.y.  ) 

The  data  supplied  is  rather  indefinite, 

so    that    a    general    reply   only   can    be 

made.     If  the  vehicle  is  equipped  with 

rubber   tired  wheels  and  the  vehicle  is 

of     the     commercial     classification,     the 

horsepower  required  to  propel  a  vehicle 

may  be  obtained  as  follows : — 

Let  Hp  =  Horsepower  output  of 
motor.  \V  =  Weight  of  vehicle  and 
load  in  tons.  /?=  Resistance  of  traction 
of  vehicle  in  lbs.  per  ton.  For  rubber 
tired  vehicles  on  hard  level  asphalt,  this 
will  vary  from  20  to  40  lbs.  per  ton. 
35  lbs.  per  ton  will  be  a  safe  value  to 
assume,  z'  =  Speed  of  vehicle  in  feet 
per  minute.  V  ^=  Speed  of  vehicle  in 
miles  per  hour.  ?t  =  Mechanical  effi- 
ciency of  transmission  from  armature 
shaft  to  rim  of  wheel,  assumed  as  85; 
to  95  percent,  90  percent  being  an 
average  value,  em  =  Efficiency  of 
motor,  may  be  safely  assumed  at  85 
percent.  E  =  Voltage  at  motor  ter- 
minals, usually  assumed  as  80  to  85 
volts  for  40  to  44  cell  lead  acid  battery 
and  60  to  65  volts  for  60  cell  Edison 
battery.  /  =  Normal  continuous  rat- 
ing of  motor  in  amperes. 
Then, — 

IV  X  A'  XV         IV  X  K 

///>  = TT =  r, —  X 

'        jj  000  X  ft        JJ  000  X  Ci 

V  X  5380  _  IVX  RX  V 

60         ~     375  X  ex      ^'^ 

Substituting  value  of  et  as  0.90, — 
IVX  RXV    U'XRXV 
"*"  =    375  y- 0.9    =        337        •  ^'^ 
_,      Hp  X  746       lVXRxyX7^6 
^ra  337  X  f„, 

2.22  WX  RX   V 

?I (?) 


Substituting  value   of   fm,  as  0.85, — 
2.22  MX  RX  V 


EI 


1  = 


0.S5 

2.6  WX  RX  v.. 
.6  IVX  RX  V 


In  making  applications  of  motors  to 
electric  vehicles,  the  rating  of  the  motor 
is  generally  estimated  on  the  basis  of 
the  operation  of  the  vehicle  on  hard 
level  asphalt,  hence  for  a  rubber  tired 
vehicle  weighing  three  tons  loaded  and 
operating  at  a  speed  of  10  miles  per 
hour,  the  horsepower  of  the  motor  may 
be  calculated  by  making  substitutions  in 
equation  I  as  follows, — 

„^      3  X  35  X  10 

Hp  = — =  ,'.// 

Since  vehicle  motors  are  given  a  con- 
tinuous rating  on  the  basis  of  current 
input  in  amperes  at  a  specified  voltage 
and  speed,  the  current  rating  of  the 
motor  for  the  vehicle  under  considera- 
tion may  be  calculated  by  making  sub- 
stitutions in  equation   (5)   as  follows, — • 

For  80  volt  operation  /  = 

2.6  X3X35>^  to 

-^ =34-^  iuiipcn-s 

For  60  volt  operation  /  = 

2.6X3  '><35X  JO 

^^ =  ./5..s  ampe,rs 

The  speed  of  the  motor  will  be  de- 
pendent upon  the  total  speed  reduction 
between  the  armature  shaft  and  the 
wheels  and  upon  the  diameter  of  the 
driving  wheels.  The  speed  reduction 
and  the  diameter  of  the  wheel  are 
usually  chosen  by  the  vehicle  manu- 
facturer to  be  such  as  to  enable  him  to 
apply  standard  motors  of  the  vehicle 
type,  the  speed  of  which  will  be  approxi- 
mately 1200  to  1500  r.p.m.  The  manu- 
facturer then  selects  that  standard 
motor  which  will  most  nearly  approxi- 
mate the  rating  as  calculated,  which  for 
the  present  example  would  be  for  lead 
battery  operation,  80  volts,  35  amperes, 
1500  r.p.m.  and  for  Edison  battery 
operation  60  volts,  47  amperes,  1500 
r.p.m.  In  order  to  make  a  detailed 
analysis  of  the  application  of  the  motors 
to  vehicles,  it  would  be  necessary  to 
have  complete  data  regarding  the  vehicle 
design  and  the  conditions  under  which 
it  is  to  operate.  However,  in  general 
the  approximation  as  outlined  will  be 
found  to  be  satisfactory.  The  energy 
consumption  and  therefore  the  battery 
capacity,  is   dependent  on, — 

I — Efficiency  of  the  battery,  motor  and 
transmission. 

2 — Tire   equipment. 

3 — Nature  of   roads  and  grades. 

4 — Number  of  stops. 

5 — Radius  of  operation  required  for 
single  charge. 

6 — Intelligence  of  the  driver;  for  ex- 
ample, to  coast  instead  of  braking 
directly  from  full  speed  when  mak- 
ing the  stop. 

The  electric  vehicle  manufacturers 
have  in  general  determined  from  ex- 
perience the  battery  capacity  required 
for  a  vehicle  having  a  given  load 
capacity.  A  vehicle  of  the  size  sug- 
gested would  be  equipped  with  a  battery 
having  a  rated  capacity  of  approxi- 
mately 13  to  17  kw-hrs.  J.G.C. 

1740 — Testing  Polarity  of  Commutat- 
iNG  Poles — What  is  the  best  and 
simplest  method  of  testing  for  correct 


polarity  the  commutating  poles  of 
direct-current  generators  and  motors 
either  shunt,  compound  or  series 
wound?  T.B.    (can.) 

The  final  test  of  the  commutating  coil 
is  the  commutation.  In  the  case  of  a 
shunt  or  compound-wound  motor  or 
generator,  or  of  a  series  generator  a 
simple  method  of  testing  for  the  correct 
polarity  of  the  commutating  coils  is  to 
start  the  machine  at  no  load  and  grad- 
ually load.  If  the  machine  can  be 
brought  up  to  full  load  with  anything 
near  satisfactory  commutation  the  coil 
has  the  right  polarity.  In  case  com- 
mutation becomes  very  bad  the  connec- 
tions of  the  commutation  coil  with  re- 
spect to  the  armature  can  be  reversed 
and  the  gradual  loading  up  tried  again. 
A  comparison  of  the  commutation  in 
the  two  cases  will  show  which  was 
correct.  In  the  case  of  a  series  wound 
motor  this  method  cannot  be  used,  as 
a  series  wound  motor  will  probably 
over  speed  at  no  load.  In  this  case  we 
would  suggest  a  checking  of  the  wiring 
rather  than  a  test.  In  any  motor, 
series,  compound  or  shunt  wound,  any 
main  pole  and  the  next  following  inter- 
pole,  in  the  direction  of  rotation,  should 
have  the  same  polarity.  In  the  case  of 
any  generator  the  polarities  should  be 
opposite.  The  polarities  of  the  poles 
are  sometimes  tested  by  suspending  a 
small  piece  of  iron,  as  heavy  iron  wire, 
by  a  thread  around  its  center,  marking 
one  end,   suspending  the  iron  near  the 


M=i d  h — iTKTiTu-JC^piaB 
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FIGS.  1740(a)  and  (ht 
back  of  a  main  pole,  noting  which  end 
of  the  iron  is  most  strongly  attracted 
to  the  pole,  and  then  moving  the  iron 
forward  to  the  next  interpole  and  noting 
which  end  is  attracted  by  it.  If  the 
same  end  is  attracted  by  both  poles,  the 
polarity  of  the  poles  is  the  same.  In 
Figs,  (a)  and  (b),  A  and  B  are  the 
line  terminals.  Fig.  (a)  represents  a 
shunt  or  compound  wound  motor  or 
generator.  In  Fig.  (b)  is  represented 
a  series  motor  or  generator.  When 
tracing  the  wiring  from  A  to  B,  or  vice 
versa,  in  case  of  a  shunt  or  compound- 
wound  motor  or  generator,  the  shunt 
conductors  and  the  commutating  coil 
conductors  should  lead  around  any  main 
pole  and  the  next  following  commutat- 
ing pole  in  the  same  direction,  for 
correct  polarity.  The  same  is  true  in 
Fig.  (b)  for  the  series  coils  and  the 
next  commutating  coil  on  a  series 
motor,  but  they  should  go  around  in 
opposite  directions  on  a  series  gener- 
ator. M.S.H. 


CORRECTION 

The  equation  in  question  1713  (March 
'ig)  should  read:  Volts  drop  =  10.7  X 
amperes  X  the  entire  length  of  wire  in 
the  circuit  in  feet  -f-  the  circular  mils. 
The  second  sentence  following  should 
be  omitted. 
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The  National  Electric   Light   Associa- 
tion for   1919 

W.   F.  Wells 

President, 

National  Electric  Light  Association 

THE  FIRST  convention  of  the  National  Electric 
Light  Association  was  called  some  thirty  years 
ago  so  that  the  men  engaged  in  the  electric  light- 
ing industry  could  get  together,  and  in  an  open  forum 
discuss  ways  and  means  of  advancing  the  art  and 
science  of  the  production, 
distribution  and  use  of  elec- 
tricity for  public  service,  and 
of  overcoming  the  difficulties 
incident  thereto.  A  few  men 
attended  this  first  convention. 
The  amount  of  capital  in- 
vestment they  represented 
was  small  and  the  securities 
of  the  industry  were  consid- 
ered highly  speculative  by 
the  investing  public. 

That  the  objects  of  the 
Association  have  been  at- 
tained in  a  remarkable  de- 
gree and  that  the  industry 
has  developed  and  assumed  an  importance,  then 
probably  undreamed  of,  has  been  evident  to  all  during 
the  past  few  months.  The  member  companies,  en- 
gaged principally  in  lighting  in  the  early  days,  have 
developed  into  the  great  public  utilities  of  today  serving 
the  public  for  miles  around  not  only  with  light,  but  with 
power  adaptable  for  every  purpose  from  the  one- 
eighth  kilowatt  used  by  the  jeweler  to  thousands  of 
kilowatts  used  by  shipyards,  steel  mills  and  countless 
manufacturing  plants.  Our  advancement  in  the  art 
and  science  of  the  production  and  distribution  of  elec- 
tricity has  made  it  possible  to  locate  factories  with  re- 
gard to  the  source  of  raw  material,  the  consumption  of 
the  product  and  the  environment  of  the  employes.  We 
have  made  it  unnecessary  to  locate  the  mill  by  the 
stream,  the  foundry  near  the  charcoal  pit,  or  the  ice 
house  by  the  pond. 

During  the  war,  it  was  the  power  supply  developed 
by  the  members  of  our  organization  that  helped  in  great 
measure  to  make  possible  the  rapid  erection  and  equip- 
ment of  factories,  shipyards  and  war  supply  bases  for 
the  production  and  transportation  of  the  supplies  re- 
quired to  send  two  million  men  overseas  within  a  year. 
Our  importance  was  recognized  by  the  Federal  Govern- 
ment which  granted  us  priorities  in  obtaining  our  coal 
and  equipment  needed  in  the  extension  of  plant.  We 
must  now  "beat  our  swords  into  plowshares  and  our 
spears  into  pruning  hooks'"  for  our  power  is  needed 


for  producing  farm  tractors  instead  of  tanks;  it  is  re- 
quired for  sewing  machines  instead  of  machine  guns. 

The  greatest  developments  of  our  age  have  come 
through  team  work  and  perfected  organization.  The 
founders  and  leaders  of  our  Association  realized  this 
and  long  prior  to  the  war  had  developed  an  organi;,a- 
tion  and  worked  out  a  plan  whereby  representatives  of 
member  companies  could  learn  from  others  by  the  in- 
terchange of  views  upon  every  subject  pertinent  to  the 
industry.  This  plan  provided  for  formal  assemblies  at 
conventions,  meetings  of  committees  appointed  for  in- 
vestigations of  special  subjects  and  the  acquaintance- 
ship of  members  which  makes  possible  intimate  confer- 
ences upon  any  detail  of  our  industry  by  people  particu- 
larly interested  therein. 

During  the  war  our  educational  activities  were  cur- 
tailed but  our  country  profited  by  the  knowledge  previ- 
ously disseminated  bv  our  Association,  through  enlist- 
ment and  induction  into  military  and  naval  service  of 
many  of  our  members  for  duty  here  or  overseas,  as  well 
as  through  commandeering  or  utilizing  the  personnel, 
plants  and  power  supply  of  our  member  companies. 

Now  that  the  armistice  has  been  signed,  our  activi- 
ties have  been  resumed.  Committees  are  at  work  and 
on  May  19th,  1919,  our  Forty-second  Convention  at  At- 
lantic City  will  again  take  up  for  consideration  the  sub- 
jects leading  to  the  fullest  development  of  the  electrical 
engineering  arts  and  sciences  in  all  their  branches  and 
the  problems  incident  to  the  readjustment  and  estab- 
lishment on  a  peace  time  basis  of  an  industry  in  which 
is  invested  some  three  billions  of  dollars. 


Immediate    Economic   Aspects   of  the 
Electric   Supply  Industry 

J.   D.   Mortimer  \ 

President, 
North  American   Company 

THE  ELECTRIC  light  and  power  utility  industry 
has  suffered  the  least  of  any  of  the  municipal 
utilities  during  the  war  period.  The  energy  cut- 
put  of  electric  utilities  in  practically  all  cases  showed 
large  increases  and  the  growth  of  the  business  went 
some  distance  toward  offsetting  increased  costs  of 
service.  Few  electric  utilities,  if  any,  received  in 
revenues  the  current  costs  of  delivering  service,  but  ex- 
isting capacities  were  in  many  instances  utilized  to 
their  utmost  limit,  and  in  violation  of  previous  notions 
of  safe  engineering  practice.  Overload  on  production 
and  distribution  plant  permitted  greater  output  with 
practically  stationary  investment.  The  usual  increases 
in  capacity  were  impossible  because  of  lack  of  equip- 
ment and  difficulties  of  finance.  The  investment  status 
of  the  industry  also  suffered  by  sympathy  with  other 
utilities    and    the    rising    cost    of    money    depreciated 
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market  values  of  outstanding  securities.  The  practices 
hazarded  during  the  war,  permitted  the  business  tem- 
porarily to  keep  its  head  above  water.  Substantial  re- 
placements and  increases  in  equipment  are  now  neces- 
sary for  the  industry  to  hold  its  own ;  and  the  increased 
demand  for  service  which  will  come  with  permanent 
peace  requires  a  large  amount  of  new  capital. 

Unstable  returns  are  the  bain  of  the  privateiy- 
ovvned  utility  business.  Rapidly  changing  costs  have 
shown  the  advantages  of  automatic  regulation  of  rates. 
Contracts  for  the  sale  of  large  quantities  of  electric 
energy  containing  a  formula  for  varying  the  resultant 
rate  in  accordance  with  the  load  factor  and  power-fac- 
tor, were  accepted  by  the  industry  many  years  ago. 
Contracts  with  formulae  for  determining  the  rate  in  ac- 
cordance with  the  variations  in  two  or  three  important 
cost  factors  are  now  becoming  more  generally  accept- 
able to  both  the  utilities  and  the  customers.  Complete 
automatic  regulation  cannot  be  had  through  the  use  of 
such  rate  schedules,  but  the  disturbances  in  resultant 
rate  can  be  minimized  by  the  use  of  such  schedules. 

The  high  costs  of  production  have  convinced  more 
people  than  ever  before  that  there  is  comparatively  little 
speculative  value  in  the  public  utility  business.  The 
sooner  that  this  fact  is  generally  recognized,  the  more 
stable  wi  1  the  business  become  and  the  greater  will  be 
the  opportunity  for  expanding  it  to  meet  the  require- 
ments of  the  districts  served  more  generally  by  obtain- 
ing money  at  lower  annual  cost. 

Aside  from  fixed  and  investment  charges,  the  two 
largest  single  items  in  cost  of  service  from  steam-driven 
plants  are  coal  and  labor.  A  large  reduction  in  the 
price  of  coal  is  not  to  be  expected  unless  the  mines  are 
to  be  required  to  operate  at  less  than  a  reasonable  profit 
or  some  new  metb.od  is  discovered  for  mining  coal 
which  will  largely  reduce  the  cost  thereof.  Reduction 
in  elecrric  generating  costs  will  then  necessarily  come 
from  improvement  in  power  station  equipment  ond 
from  better  utilization  of,  and  through  improved  lead 
factor  on,  existing  apparatus.  Monthly  rates  for  labor 
are  not  likely  to  be  reduced.  It  is  a  questionable  wis- 
dom to  contemplate  a  reduction  in  wage  rates,  even  if 
such  were  possible,  under  a  so-called  law  of  labor 
supply  and  demand.  Decrea.'^ed  unit  costs  of  labor  out- 
put must  be  attained  even  at  these  higher  wage  rates 
through  further  enlarged  scale  production,  improved 
management  and  the  introduction  of  systems  of  wage 
payment  which  make  a  part  thereof  depend  upon  effi- 
ciency. 

.Summarized  then,  the  four  principal  requirements 
which  the  electric  utility  industry  must  fulfill,  if  it  is 
to  maintain  and  improve  its  status,  are  (a)  stabilization 
of  rate  of  return  through  automatic  regulation  of  rates, 
to  the  end  that  additional  capital  may  be  procured  at 
the  minimum  cost,  (b)  improvement  in  utilization  of 
existing  plant  facilities,  (c)  maintenance  of  present 
monthly  wage  rates  of  employes  and  the  attainment  of 
lower  unit  costs  by  more  skillful  management,  and  (d) 
framing  of   methods   of    compensation   by   which   em- 


ployes attain  higher  earnings  in  accordance  with  their 
efficiency,  in  which  individual  output  is  an  important 
factor. 


Water  Powers 

F.     llARLIXGTOX 

Consulting  Engineer, 
New  York  City 

IT  DID  not  require  a  war  to  show  the  necessity  for 
increased  hydroelectric  development,  if  we  as  a  na- 
tion are  to  avail  ourselves  of  our  resources.  Our 
failure  in  this  work  does  not  lie  with  the  water  powers, 
the  power  companies  or  the  engineers.  Water  power 
development  is  at  a  standstill  through  the  failure  of  our 
governmental  and  financial  agencies  to  comprehend  the 
true  situation  and  to  apply  the  obvious  remedies.  Until 
our  laws  governing  power  companies  are  revised  and 
wisely  administered,  and  co-operation  secured  between 
financiers,  water  power  development  will  remain 
throttled,  our  industries  will  be  taxed  for  lack  of  re- 
liable and  cheap  power,  our  coal  will  be  wasted  and  our 
railroad  transportation  burdened  in  an  extravagant  and 
foolish  manner. 

Unless  our  state  or  federal  government  goes  into 
the  power  business,  (and  there  is  at  present  no  govern- 
mental organization  which  promises  efficient  manage- 
ment in  power  production)  the  development  of  water 
powers  will  necessarily  rest  with  public  service  electric 
companies,  and  the  present  laws  and  their  application 
effectively  bar  satisfactory  progress  in  this  line.  I',  is 
not  necessary  to  discuss  the  recent  failure  of  Congress 
to  enact  laws  to  permit  hydroelectric  developments  on 
navigable  streams  and  on  federal  lands.  The  repeated 
failure  to  pass  this  legislation  is  a  grave  charge  against 
the  efficiency  of  our  national  administration.  But  aside 
from  legal  restrictions  that  retard  water  power  devel- 
opments on  navigable  streams  or  federal  lands,  there 
are  conditions  which  arise  from  ignorance,  prejudice, 
selfish  motives,  or  from  unworthy  political  acts  that 
curtail  water  power  development  with  equal  effective- 
ness and  at  a  heavy  cost  to  our  national  prosperity. 

For  example,  no  law  which  aims  to  prevent  com- 
binations of  capital  and  centralization  of  industiies 
should  even  be  applied  to  combinations  between  public 
utility  power  companies,  because  the  best  interest.;  of 
society  require  that  these  companies  shall  be  monopolies. 
There  are  numerous  sections  of  the  country,  each  of 
which  embraces  several  states  or  parts  of  several 
states,  which  are  natural  power  districts,  and  where  a 
single  interconnected  electric  system  joining  up  the  in- 
dustrial sections  can  furnish  cheaper  and  more  reliable 
power  than  can  several  independently  owned  and  op- 
erated power  companies.  Our  laws,  both  national  and 
state,  should  encourage  the  setting  up  of  such  central- 
ized power  monopolies,  with  capital  issues  and  rates 
regulated  by  government  authority  at  a  level  to  insure 
a  reasonable  income  on  their  invested  capital. 

It  is  essential  for  the  success  of  hydroelectric  de- 
velopments that  there  should  be  a  national  and  state 
policy  to  secure  both  the  principal  and  interest  of  c.'jpi- 


THE   ELECTRIC  JOURNAL 


i6s 


tal  invested  in  the  public  service  electric  business. 
Charges  to  capital  constitute  a  much  higher  proportion 
of  the  cost  of  water  power  than  is  the  case  with  power 
produced  by  steam  turbines  or  any  other  method.  If 
the  people  of  this  nation  are  to  be  supplied  with  cheap 
and  reliable  power,  they  must  safeguard  the  earnings  of 
electric  power  companies,  so  that  the  securities  of 
these  companies  will  be  gilt-edged  and  freely  purchased 
and  will  be  sought  by  investors,  even  where  the  interest 
return  is  modest.  This  can  be  accomplished  by  public 
service  commissions  having  authority  over  issues  of  se- 
curities and  electric  power  rates. 

The  policy  of  the  public  service  commissions  of 
many  states  has  been  short-sighted  and  foolish,^  to 
judge  by  the  results.  These  commissions  seem  to  have 
had  no  better  comprehension  of  their  duties  than  to 
regulate  the  rates  of  public  service  companies  to  a 
starvation  point  and  to  prevent  so-called  monopoly  cnm- 
binations  in  the  power  business.  This  condition  delays 
water  development,  not  only  by  making  the  money  for 
this  work  far  more  costly  than  it  should  be,  but  also  by 
placing  electric  power  undertakings  in  the  class  of 
hazardous  investments,  whereas  there  is  no  branch  of 
industry  that  should  be  more  certain  of  its  return  and 
more  secure  in  its  investments  than  water  power  un- 
dertakings. 

Two  examples  may  be  given  from  among  the  gieat 
number  which  are  indicative  of  the  workings  of  govern- 
mental regulation  of  the  electric  business : — 

A  few  months  ago,  two  electric  companies  each 
having  an  interconnected  transmission  system,  sup- 
plied by  hydroelectric  and  steam  generating  plants, 
appeared  before  the  state  commission  having 
jurisdiction  over  their  capital  issues,  with  an  application 
for  consolidation.  They  represented  correctly  that  by 
combining  the  two  companies  and  operating  them  as 
one  system,  they  could  better  utilize  the  water  powers 
of  both  companies  and  could  eliminate  much  of  tJieir 
transmission  expense  and  secure  other  valuable 
economies.  The  saving  in  coal  alone  by  combining 
these  two  properties  was  estimated  at  an  average 
amount  of  $200  000  annually.  But  notwithstanding 
the  fact  that  this  condition  had  been  prevailing  for  seme 
years,  that  the  cost  for  this  wasted  coal  had  necessarily 
been  paid  by  the  power  users  of  the  community,  and 
that  these  same  users  were  being  deprived  of  the  more 
reliable  service  that  could  be  rendered  by  the  two  com- 
panies combined,  the  state  commission  has  permitted 
this  condition  to  exist  and  has  not  yet  found  a  way  to 
realize  the  obvious  advantage  that  would  result  from 
combining  the  two  properties. 

Again  in  a  southern  state  there  are  three  major 
central  station  electric-power  systems,  each  having 
water-power  and  steam-power  generating  stations. 
This  state  has  no  coal  mines  but  is  blessed  with  extra- 
ordinarily valuable  water  power  resources,  for  the  best 
utilization  of  which  the  transmission  lines  of  the  pres- 
ent power  companies  should  be  effectively  intercon- 
nected,  and   the   operation    of   their   generating   plants 


placed  under  a  single  control.  Such  an  interconnecled 
system  built  with  money  carrying  a  modest  rate  of  in- 
terest could  produce  power  far  more  cheaply  than  can 
be  done  under  the  present  conditions,  where  the  thiee 
systems  are  inadequately  connected,  and  each  company 
operates  with  an  eye  essentially  to  its  own  require- 
ments and  resources.  It  is  estimated  that  with  ade- 
quate interconnection  and  with  centralized  direction  of 
operations,  there  would  be  an  average  saving  in  coal  of 
$260000  annually,  as  compared  with  independent  op- 
eration, and  the  service  would  be  much  more  reliable. 

In  spite  of  this  fact,  one  of  the  three  power  com- 
panies is  considering  the  construction  of  a  million-dol- 
lar steam  plant  for  the  purpose  of  augmenting  its  power 
supply,  although  the  cost  of  power  from  this  planr,  if 
built,  must  for  all  time  be  far  greater  than  the  cost  of 
power  derived  from  available  water  power  sources,  r.nd 
supplied  through  an  interconnected  power  system. 
Such  an  expenditure  for  steam  plant  construction  ir.  a 
state  without  coal,  but  with  abundant  and  superior 
water  power  resources,  would  result  in  either  unneces- 
sarily high  rates  to  the  consumers  of  power,  or  less  to 
the  investors  in  the  power  plant. 

To  stimulate  hydroelectric  development  to  the  full- 
est profitable  extent,  it  is,  however,  not  enough  to  per- 
mit combinations  to  form  regulated  monopolies  for 
power  service  and  to  protect  the  investors,  but  some 
incentive  should  also  be  offered  for  developments  that 
will  improve  and  cheapen  power  to  consumers.  As  in- 
dustries grow  and  power  systems  develop,  possibilities 
arise  for  new  developments  and  combinations  of  sys- 
tems to  reduce  the  cost  of  power  production  below  that 
previously  attained,  and  unless  some  incentive  is  of- 
fered in  the  way  of  a  share  in  the  savings  by  new  and 
enlarged  undertakings  to  realize  the  new  possibilities, 
there  will  be  a  wholly  natural  disposition  on  the  part  of 
public  service  companies  to  continue  along  making  the 
established  profit  permitted  by  the  rates  allowed  them 
under  governmental  regulation.  To  overcome  this  in- 
ertia and  to  induce  capital  to  engage  in  undertakings 
for  the  betterment  of  electric  power  supply,  a  broad- 
minded  and  liberal  policy  should  be  followed  in  the 
treatment  of  electric  companies  whereby  they  will  share 
in  the  savings  of  new  undertakings,  and  will  be  secured 
against  capital  loss  on  investments  which  may  have 
been  wisely  made  under  past  conditions,  but  which  will 
be  supplanted  when  new  and  more  comprehensive 
plans  are  worked  out  to  replace  equipment  that  may  be 
rendered  obsolete  by  new  developments.  Recurring  ob- 
solescence of  electric  installations  has  been  an  unavoid- 
able condition  necessar)'  in  the  industry,  because  both 
the  engineering  features  and  their  commercial  applica- 
tion have  advanced  rapidly  during  recent  years.  The 
disposition  of  governmental  authorities  to  call  for  ap- 
praisals of  electric  properties  and  establish  rates  on  ?p- 
praised  valuations  without  due  regard  to  values  that 
have  disappeared  through  obsolescence,  and  that  have 
not  been  replaced  by  suitable  depreciation  reserve,  has 
done  much  to  bring  electric  investments  into  disrepute 
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and  raise  the  cost  of  money  to  the  electric  power  in- 
dustry. 

It  appears  from  a  full  review  of  the  water  pov/er 
situation  and  consideration  of  the  conditions  described, 
that  the  field  for  hydroelectric  production  and  the  ci>n- 
servation  of  the  nation's  resources  is  more  promising 
than  ever  before.  The  time  is  ripe  for  further  consoli- 
dation and  centralization  to  make  cheaper  and  mora  re- 
liable power,  but  progress  in  this  development  is 
hampered  by  unwise  laws,  and  by  unfavorable  finan- 
cial conditions  brought  about  largely  by  short-sighted 
legislation  and  unwise  regulation  by  governmental 
authority,  for  which  our  nation  is  paying  a  heavy  pen- 
alty in  the  high  cost  of  power  service  and  waste  of  re- 
sources. This  high  cost  and  waste  are  bound  to  con- 
tinue until  the  laws  are  modified,  until  more  broad- 
minded  direction  and  regulation  of  the  electric  industry 
are  established  by  public  service  commissions,  and  until 
the  securities  of  central  electric  companies,  which 
should  be  as  safe  and  sound  as  any  investments,  can  be 
disposed  of  at  low  interest  rates.  All  of  this  is  in  the 
hands  of  the  federal  and  state  governments  to  accomp- 
lish. 


The  Significance  and  the  Opportunities 
of  the  Central  Station  Industry 

R.    F.    SCHUCHARTIT 

Electrical   Engineer, 
Commonwealth  Edison  Company 

IT  REQUIRES  little  strain  on  the  imagination  to 
see  that,  in  the  not  very  distant  future,  practically 
every  important  industrial  process  and  many 
domestic  services  will  be  performed  by  the  aid  of  elec- 
tricity. The  arrival  of  that  day  will  depend  in  a  large 
measure  on  how  well  we  individually  play  our  part.  The 
total  result  will  be  but  the  summation  of  our  individual 
eflforts.  But  is  this  universality  of  electricity  "a  consum- 
mation devoutly  to  be  wished?"  Those  of  us  who  are 
electricity  salesmen  will  immediately  and  emphatically 
reply  in  the  affirmative  and  will  want  to  buttonhole  the 
questioner  for  an  hour  or  two  to  prove  it.  But  those 
others  who  may  be  salesmen  only  of  their  talent  or 
their  labor,  whose  interest  in  selling  electricity  may  be 
merely  incidental,  those  others  may  not  be  given  to 
figuring  out  what  it  is  all  for,  and  they  may  therefore 
hesitate  in  their  answer. 

It  is  a  good  plan  occasionally  to  step  into  an  air- 
plane, as  it  were,  and  soar  up  into  those  freer  regions 
from  which  the  view  of  our  camping  ground  down  be- 
low, where  our  daily  problems  often  press  on  us  so 
clcsely  that  we  fail  to  get  their  true  perspective,  loses 
all  detail,  and  where  hillsides  (of  boiler  efficiency,  of 
turbine  design,  or  of  generator  protection,  for  in- 
stance) blend  into  valleys  (of  transmission  line  relays 
or  of  apparatus  failures,  etc.)  and  none  seems  all-im- 
portant; but  the  big  elements,  the  forests  (of  electrical 
industry,  the  handmaid  of  man  and  an  important  ilom 
in  the  advancement  of  his  social  well  being),  the  broad, 
silvery  rivers  (of  interconnected  systems  and  a  unified 


frequency),  and  the  clear,  shining  surface  of  the  lakes 
(of  economical  natural-resource-utilization,  with  no 
more  waste  gases,  no  more  transmission  of  fuel  where 
transmission  of  electricity  is  better,  no  more  waters 
running  down  their  mad  course  unchained,  where  there 
is  need  for  the  power),  these  elements  stand  cut 
strongly  and  we  see  them  in  their  true  relation  to  each 
other. 

On  returning  from  such  an  ethereal  trip  our  daily 
problems  will  take  on  a  new  meaning.  We  will  have 
received  a  bigger  vision  of  the  significance  of  our 
tasks,  and  the  results  of  our  efiforts  will  seem  less 
ephemeral. 

Why  should  not  every  one  who  finds  himself,  either 
by  design  or  from  accidental  opportunity,  in  the  central 
station  game,  be  well  contented  to  be  a  player  in  it? 
Any  movement — and  the  establishment  of  an  industry 
surely  is  a  movement  in  the  broadest  sense — that  bene- 
fits man  gives  satisfaction  to  the  participants.  Empire 
builders  were  not  always  altruists,  but  in  so  far  as  they 
opened  up  to  many  others  opportunities  to  obtain  and 
to  realize  on  nature's  resources  they  were  benefactors 
of  man.  All  credit  to  the  early  railroad  builders  whose 
daring  and  whose  foresight  made  the  present  develop- 
ment of  our  countr}'  possible.  All  credit,  likewise,  to 
those  whose  vision  and  faith  has  speeded  the  centraliz- 
ing of  power  production  so  that,  because  of  cheap 
power,  vast  industrial  centers  have  grown  and  have 
produced  national  wealth  in  great  abundance.  -And 
with  it  this  centralized  production  has,  by  its  cleanli- 
ness, added  greatly  to  the  health  and  comfort  of  the 
people.     Is  this  not  enough  to  arouse  enthusiasm  ? 

"But,"  says  Mr.  Killjoy  from  his  gloomy  comer, 
"that  was  in  days  past.  Centralized  power  production 
is  here  and  all  we  do  now  is  just  naturally  grow." 
Let  us  see  if  the  remainder  is  barren  soil.  There  was  a 
day  within  the  memory  of  men  still  living  and  active 
when  a  trip  from  New  York  to  Chicago  necessitated 
traveling  over  six  different  roads  in  series.  Each  road 
was  a  centralized  system  as  far  as  its  own  locality  was 
concerned.  Today,  any  one  of  a  number  of  trunk  lines 
will  make  this  run  in  a  continuous  trip.  In  like  man- 
ner will  present  power  transmission  systems  be 
joined  up  and  this  has  in  fact  already  occurred  in 
many  instances.  No  need  now,  after  the  past  year's 
experience,  to  argue  for  ultimate  interconnection.  The 
Electrical  World  recently  summed  up  the  situation  in 
these  words: —  "Progress  and  initiative  must  be  the 
guiding  principles  of  our  public  utilities.  Economies 
learned  during  the  war  must  be  held  and  even  bettered. 
The  industry  must  go  forward  *  *  *  and  interconnec- 
tion is  a  forward  step."  Ultimately  the  country  will 
have  a  net  work  of  transmission  lines,  carriers  of 
energy,  as  it  now  has  a  network  of  railroads,  carriers 
of  material  things.  And  this  network  will  link  up 
every  economical  source  of  power,  be  it  a  waterfall,  a 
steam  station,  or  a  waste  gas  utilizer,  with  the  habita- 
tions and  the  industries  of  man.  Electricity  will  bring 
cheap  power  and  comfort  to  every  man's  door. 


THE  ELECTRIC  JOURNAL 


167 


What,  then,  can  we  do  to  speed  this  day?  Prin- 
cipally we  can  plan  all  our  present  extensions  so  that, 
when  the  time  is  ripe  in  our  locality,  interconnection 
can  be  carried  out  most  economically.  This  will  best 
conserve  our  present  investments  and  make  the  ultimate 
economies  easier  of  realization.  Had  many  of  the  earlier 
railroads  been  of  standard  gage  and  many  others  non- 
standard, the  cost  of  interconnection  would  have  bten 
great,  would  have  delayed  the  accomplishment  and, 
finally,  would  have  imposed  an  additional  financial  bur- 
den which  would  naturally  have  been  borne  by  the  ruil- 
road-using  public.  Somewhat  the  same  situation  will 
exist  where  transmission  lines  of  different  frequencies 
are  to  be  interconnected.  Differences  in  voltage  are  not 
serious  since  transmission  line  transformers  are  quite 
common  and  at  times  even  present  an  advantage.  The 
principal  aim,  then,  should  be  to  reach  a  common  fre- 
quency, and  since  60  cycles  seems  now  to  be  generally 
accepted,  special  efforts  should  be  made  to  develop  sat- 
isfactory apparatus  of  all  kinds  for  this  frequency. 
Plant  extensions  should,  wherever  practicable,  be  made 
for  60  cycle  supply. 

Any  steps,  individual  or  collective,  taken  to  edu- 
cate the  members  of  the  next  Congress  on  the  import- 
ance of  stopping  the  disgraceful  water  power  waste  will 
bestow  a  lasting  benefit  on  the  country,  if  they  are  suc- 
cessful in  getting  the  required  legislation  passed  to  per- 
mit its  proper  use.  Water  power  plants  will  naturally 
be  an  important  element  in  the  interconnected  scheme. 

Transmission  networks  spanning  large  portions  of 
the  country  will  no  doubt  be  a  big  help  in  bringing  about 
more  extensive  steam  railroad  electrification.  The 
"battle  of  the  systems",  as  rt  has  been  called,  is  subsid- 
ing and  is  giving  way  to  a  realization  that  the  particular 
system  to  be  used  is  not  the  most  important  par:  of 
the  problem.  This  was  encouragingly  set  forth  at  the 
March  meeting  of  the  A.  I.  E.  E.  in  Boston.  The  vast 
coal  conservation  which  would  result  from  supplying^  to 
the  railroads  energy  from  centralized  steam  plants  and 
from  water  powers  makes  this  an  attractive  field  for  the 
expenditure  of  the  best  talent.  Incidently  it  may  be 
worth  while  to  point  out  that  at  least  two  of  the  "sys- 
tems" can  readily  be  operated  from  the  600  volt  local 
traction  mains  found  in  practically  every  city  of  any 
size.  The  rolling  stock  of  these  systems  could  thus  re- 
ceive energy  within  the  cities  from  existing  substations, 
with  added  capacity  here  and  there  as  may  be  required, 
while  outside  of  the  .cities,  over  the  long  stretches,  the 
same  rolling  equipment  could  be  used  on  higher  volt- 
age direct  current  (perhaps  multiples  of  600  or  of  750 
volts)  or  on  higher  voltage  single-phase  alternating 
current.  The  significance  of  this,  both  in  increased  use 
of  present  investment  and  in  a  high  utilization  factor 
for  new  investment,  will  be  readily  appreciated.  Ulti- 
mately, the  direct  result  will  be  cheaper  power  to  the 
locality  as  well  as  to  the  railroad.  It  is  not  claimed 
that  the  above  is  the  solution  of  the  electrification 
problem,  but  because  of  the  attractive  possibilities,  H  is 
suggested  for  consideration.     There  is  the  further  pos- 


sibility, in  the  case  of  a  direct-current  system,  of  supply 
through  simple  automatic  substations  containing  iron 
tank  mercury  rectifiers,  should  the  development  of  these 
be  carried  to  successful  completion,  as  is  hoped. 

.  The  central  station  man  and  the  manufacturer 
could  with  profit  try  to  inspire  the  engineers  and  the 
managers  of  power-using  industries  with  a  vision  of 
the  future  so  that  they  too  will  follow  a  trend  of  de- 
velopment in  their  special  work  which  will  readily  fit 
into  the  ultimate  power  scheme.  Particularly  should 
this  be  done  in  the  industries  having  waste  heat  or  waste 
fuel  as  an  incident  in  their  processes.  The  steel  in- 
dustry, now  having  principally  25  cycle  equipment, 
could  more  readily  turn  its  heat  waste  to  gold  if  it  could 
cheaply  tie  in  with  60  cycle  power  systems  in  the  local- 
ity of  its  plants,  (and  possibly  the  very  large,  slow- 
speed  rolling  mill  motors  would  do  better  on  15  cycles 
anyway,  fed  through  a  4  to  i  ratio  frequency  changer 
on  the  60  cycle  supply).  No  investment  ought  to  be 
allowed  to  be  made  for  equipment  that  may  and  should 
some  day  be  linked  up  with  power  systems  unless  such 
equipment  is  of  the  right  kind  for  such  linking  up. 
This  last  merely  means  that  the  central  station  men 
ought  to  get  closer  together  with  the  other  fellow.  Get 
his  viewpoint  and  let  him  get  yours  and  co-operate  for 
the  common  good.  The  steps  now  being  considered  by 
the  national  engineering  societies  for  a  better  co-ordi- 
nation of  their  work  and  interests  are  a  move  in  this 
direction. 

Central  station  men  should  also  get  closer  together 
among  themselves  and  for  this  I  know  of  nothing  bet- 
ter, nor  half  as  good,  as  the  National  Electric  Light  As- 
sociation. This  Association  is  organized  to  help  give 
vision — a  big,  broad,  fine  vision  of  the  industry's  splen- 
did opportunities.  Use  it.  Use  its  committees.  Serve. 
Reply  to  the  questionnaires  when  they  come  to  you.  Of 
few  societies  can  it  be  said  more  truthfully  that  "you 
reap  as  you  have  sown"  or  "give  and  it  comes  back  to 
you."  The  men  in  the  industry  are  a  splendid  lot  and 
by  closer  contact  with  them  you  will  catch  their  enthu- 
siasm and  their  cheerful  outlook  on  life,  characteiis- 
lics  common  to  men  who  do. 

The  above  are  but  a  few  suggestions.  Thcie  is 
one  final  point  that  should  be  emphasized.  Our  army, 
that  valiant  body  of  men  who  saved  the  world,  is  a 
clean  army.  It  typifies  America.  Let  the  Associa- 
tion members  be  sure  that  they  maintain  for  their  in- 
dustry that  same  high  record.  Instances  there  were  in 
the  past,  as  in  other  industries,  that  utility  managers 
are  not  proud  of,  and  they  must  be  lived  down,  but 
these  were  magfnified  in  the  public  mind  so  that  the 
stain  seemed  greater  and  more  lasting  than  it  \>as. 
Even  yet  there  is  a  type  of  politician  who,  thinking  to 
shine  in  Sir  Galahad's  armor,  points  to  these  instances 
in  order  to  win  credulity  for  his  championship  of  the 
people's  cause  against  an  assumed  wrong.  It  is  yt^ur 
opportunity  by  example  to  prove  to  the  world  that  the 
business  is  clean ;  it  is  yours  to  keep  it,  like  Caes.ir's 
wife,   above   suspicion.     Your  active  interest   in  clean 
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and  enlightened  government,  your  participation  in 
things  that  make  for  a  better  city  and  a  better  country 
will  help  materially.  Hold  up  your  hands  proudly  and 
insist  on  the  world's  understanding  that  a  public  service 
company  is  an  organization  conducted  by  trained  in- 
dividuals whose  efforts  are  directed  toward  utilizing 
capital  to  produce  for  a  community,  as  cheaply  as  pos- 
sible, a  commodity  and  a  service  the  use  of  which  im- 
proves living  and  working  conditions  of  that  commun- 
ity and  in  so  doing  earns  for  these  individuals  a  re- 
turn for  their  labor,  and  for  the  capital  employed  a  re- 
turn for  its  use. 


The  Primaries  of  Today  the  Secondaries 
of  Tomorrow 

W.  S.  Murray 

Consulting:  Engineer, 

The  Connecticut  Light  &  Power  Company 

WHEN  you  are  hunting  grizzlies  in  the  Rockies, 
leave  your  Flobert  rifle  at  home.  Who  of  us, 
associated  with  electricity,  has  not  smiled 
when  the  man  who  runs,  say  a  laundry,  has  remarked 
as  his  imagination  has  tried  to  fathom  the  intricacies 
of  an  arc  light,  "Is  it  not  wonderful,  and  to  think  elec- 
tricity is  still  in  its  infancy."  The  smile  that  comes  is 
a  resultant  of  two  components:  one  the  knowledge  of 
how  little  the  laundryman  realizes  what  electricity  has 
accomplished,  the  other  your  realization  that  he  is 
right.  But  what  have  grizzlies  and  laundrymen  to  do 
with  our  subject? 

In  a  recent  address  at  Boston,  the  following  slo- 
gan was  offered :  "We  have  spent  billions  for  destruc- 
tion for  preservation,  now  let  us  spend  billions  for 
construction  for  conservation".  Today  the  woods  are 
full  of  big  game.  We  therefore  want  big  weapons  in 
our  hands.  Electricity,  in  our  knowledge  of  the  vari- 
ous forms  of  its  manifestation  and  the  wonders  it  can 
accomplish,  is  no  infant.  Notwithstanding  the  billions 
of  kilowatt-hours  that  are  produced  in  this  country  in  a 
year,  it  is  an  infant  as  far  as  the  possibility  of  its  future 
application  is  concerned.  The  laundn'man  was  not 
qualified  to  speak.     Yet  he  was  right. 

We  have  become  the  wealthiest  of  all  nations. 
The  imperishable  principles  of  democracy  have  won 
in  the  world's  battle  for  supremacy.  We  have  not 
unduly  battled  for  this;  it  is  the  result  of  the  natural 
forces  incident  to  our  national  structure.  The  fair- 
ness and  freedom  offered  in  our  national  and  slate 
laws  have  brought  the  inevitable  result  of  concentra- 
tion of  wealth  among  the  few  of  this  country,  and 
yet  after  all  how  truly  does  this  wealth  belong  to  the 
nation!  He  who  makes  his  fortune  here  keeps  it 
here,  and  who  can  say  that  such  wealth  does  not  be- 
long to  the  nation  when  the  nation  needs  it?  In  the 
last  year  a  man  whose  net  income  has  been  one  mil- 
lion dollars,  has  placed  $650000  in  the  coffers  of 
Uncle  Sam's  Trea.sury  for  the  privilege  of  maintEJn- 
ing  his  free  citizenship  and  that  represented  only  one 
tax. 


In  the  past,  credit  has  come  to  our  nation  through 
the  marvelous  success  attendant  to  individual  effort. 
Today,  one  man's  credit  is  worth  what  the  whole  na- 
tion's was  one  hundred  years  ago!  In  the  future, 
would  it  not  be  a  broader  stand,  and  a  fairer  cry  that 
we  all  stand  behind  the  Nation,  and  let  It  do  and  take 
credit  itself  for  the  greater  constructive  works  which 
must  follow  in  this  coming  period  of  expansion  which 
has  already  started. 

We  engineers  know  who  Goethals  is,  and  the 
splendid  record  of  his  work  at  Panama.  His  leader- 
ship and  association  in  this  work  will  never  be  for- 
gotten by  his  fellow  engineers  and  countrymen.  But 
do  you  think,  if  one  nation  asked  another,  who  built 
that  canal,  that  the  answer  would  be  Goethals?  No, 
— the  United  States.  There  are  things  in  which  the 
nation  must  interest  itself  and  which  in  magnitude  and 
return  will  transcend  the  Panama  Canal.  I  will  speak 
of  only  one  of  them,  and  that  is  Secretary  Lane's  plan 
which  provides  for  the  economic  supply  of  electric 
power  throughout  the  dense  region  of  industrialiim 
and  railroad  transportation  existing  between  Wash- 
ington and  Boston.  This  is  indeed  a  project  worthy 
of  the  nation's  steel.  In  the  region  above  described, 
to  visualize  the  waste  that  we  are  as  a  nation  permit- 
ting is  to  liken  it  to  an  inverted  cornucopia,  with  a 
golden  stream  running  down  the  gutter  of  despair! 
Read  what  Dr.  Arthur  D.  Little  said  in  his  article  on 
"Developing  the  Estate"  March  Atlantic  Monthly. 
Here  is  a  quotation  from  it,  "Could  our  people  once 
visualize  Niagara  Falls  as  flowing  coal  instead  of 
water  and  wasting  its  energy  in  a  vast  conflagration 
through  the  gorge,  how  long  would  they  permit  our 
miners  to  toil  in  tens  of  thousands  underground  and 
maintain  even  so  grand  a  spectacle."  This  of  course 
was  water  for  coal,  but  remember  it  is  coal  for  coal 
too,  and  it  can  be  but  half  as  much  if  only  the  power 
is  correctly  generated,  transmitted  and  distributed. 

We  who  have  lived  but  two  score  years  and  plus, 
have  been  privileged  to  see  the  wonders  of  the  elec- 
trical arts  unfold  and  watch  their  equally  wonderful 
application,  and  now  can  we  who  know  what  effi- 
ciency, load  factor,  diversity  factor  and  breakdown 
service  stand  for,  mark  time  and  permit  this  inverted 
cornucopia  to  discharge  the  nation's  wealth  into  this 
gutter  of  remorseless  waste,  when  we  know  it  can  and 
how  it  can  be  stopped?  Do  we  want  another  winter 
in  New  England  like  that  of  1917-18?  I  say  this  feel- 
ingly for  in  the  case  of  one  plant  in  which  I  was  in- 
terested and  which  was  supplying  millions  of  kilowatt- 
hours  to  munitions  factories,  there  were  about  three 
hours  of  coal  in  sight  to  maintain  operation  and  that 
the  day  was  saved  only  by  my  personally  going  down 
to  the  freight  yards,  singling  out  six  coal  cars  and 
riding  them  into  the  station  grounds,  and  when  I  did 
this  someone  else  had  to  suffer,  but  my  conscience 
was  clear,  as  a  war  necessity  took  precedence  in  my 
judgment  over  any  other.  And  so  it  was  all  through 
New  England.     Why  was  this   true?     The  answer  is 
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simple.  We  are  burning  twice  as  much  coal  as  we 
should,  and  transportation  is  miles  behind  the  facili- 
ties required,  if  we  are  willing  that  this  waste  con- 
tinue. 

A  central  station  supplying  light  and  power  to- 
day congratulates  itself  on  its  40  percent  load  factor. 
What  does  a  railroad  offer?  The  load  factor  of  the 
New  York,  New  Haven  &  Hartford  Railroad  Com- 
pany for  combination  of  freight,  passenger  and  switch- 
ing service  is  or  can  be  made  to  be  75  percent.  What 
is  the  load  factor  of  a  steam  locomotive?  My  guess 
might  be  as  good  as  that  of  anyone  else,  and  if  it 
averages  more  than  ten  percent  I  would  lose,  for  I 
would  take  the  other  side  of  the  bet.  However,  I  do 
not  care  greatly  what  the  load  factor  of  a  steam  loco- 
motive may  be  since  I  have  measured  accurately  the 
actual  amount  of  coal  used  in  the  three  classes  of 
railroad  service ;  passenger,  freight  and  switching. 
The  electric  engine  driven  from  power  produced  ia  a 
central  station  employing  turbine  units  of  only  4000 
kilowatt  capacity  will  replace  steam  engines  ton  for 
ton  on  drivers  with  respective  coal  economies  in  the 
ratios  of  I  to  2;  I  to  2.5 ;  and  i  to  3. 

We  know  what  electricity  has  done  for  the  fac- 
tory drive  notwithstanding  that  the  generator  units 
locally  installed  must  of  necessity  be  of  small  capacity. 
Hence  I  leave  it  to  your  imagination  what  the  saving 
to  their  coal  piles  would  be  when  driven  from  a  source 
of  electric  power  supply,  the  minimum  size  units  in 
which  would  be  40  000  kilowatts,  with  such  a  system 
supplemented,  wherever  possible,  by  power  received 
from  hydroelectric  stations  delivering  their  quota 
without  the  expenditure  of  a  pound  of  coal. 

All  of  the  foregoing  has  to  do  with  power.  Let 
us  touch  for  a  moment  on  the  byproduct  economies  in- 
cident to  electricity's  use.  In  the  railroad  again  we 
see  the  ratio  of  i  :2,  in  the  matter  of  maintenance;  of 
electric  locomotives  ton  for  ton  on  drivers  as  against 
steam  engines.  Here  too,  we  see  the  electric  locomo- 
tives, substituted  for  steam,  lifting  the  limit  of  elec- 
tric traction  from  the  driving  wheels  and  placing  it 
on  the  draw-bars  of  the  trains,  or  through  the  agency 
of  multiple  control  any  number  of  locomotive  units 
being  handled  by  one  engine  crew.  This  means  of 
course  the  consolidation  of  trains  and  the  immense 
economies  made  available  through  the  reduction  of 
train-miles. 

Again,  within  reach  of  this  highly  economical 
power,  will  be  the  electric  furnaces  for  ore  reduction, 
the  use  of  which  is  only  beginning;  such  an  appli- 
cation to  be  made  as  in  the  case  of  railroad  switching 
service  at  the  time  of  "off  peak"  power,  thereby  in- 
creasing the  load  factor  of  the  system,  and  thus  mak- 
ing available  a  maximum  installed  generator  capacity. 
And  midst  all  of  these  economic  factors  pertaining  to 
regional  electrification,  stands  out  the  invaluable  ad- 
junct of  diversity  factor  and  the  guarantee  of  continu- 
ity of  service  by  virtue  of  created  breakdown  service 
between  power  centers. 


At  first  blush,  this  great  regional  plan  or  system 
might  appear  difficult  of  operation,  and  yet  it  is 
merely  the  assembly  of  detail  already  worked  out. 
Electricity  was  first  generated  and  distributed  ir.  a 
house;  then  in  a  city;  the  district  followed,  and  does 
not  the  ascending  curve  of  accommodation  now  point 
to  a  region?  Has  not  each  step  made  for  economy  and, 
with  density  of  application  satisfied  within  a  regional 
territory,  are  we  not  ready  to  assemble  the  whole  wilhin 
this  wonderful  economic  radius?  England's  super- 
power line  is  practically  under  way.  If  we  are  to 
maintain  our  supremacy  in  the  world's  markets  while 
still  maintaining  the  American  standard  of  wage  and 
living,  are  we  not,  as  engineers,  in  duty  bound  to  show 
the  nation  how  its  power  can  be  increased,  its  unit 
cost  reduced  and  transportation  facilities  made  avtiil- 
able  for  our  coming  expansion  in  industrialism? 

Now  let  us  not  make  a  complex  problem  out  t  f  a 
very  simple  one.  Let  us  constantly  fix  our  minds  on 
the  result  to  be  accomplished  and  the  means  to  that 
end.  Let  us  not  get  size  and  difficulty  mixed  up. 
Sometimes  the  largest  things  are  the  easiest.  There 
will  of  course  be  opposition.  There  always  should  be  re- 
sistance, though  the  thing  be  good  itself.  A  sail-boat 
needs  the  resistance  of  the  water,  otherwise,  it  could  not 
be  steered.  In  this  matter  however,  it  is  my  belief  that 
the  resistance  will  be  of  a  healthy  order.  It  will  come 
due  to  a  lack  of  understanding  which,  when  analyzed, 
will  result  in  no  real  opposition.  When  you  can  sa)'  to 
the  railroad  man  whose  road  derives  most  of  i'"-  in- 
come from  the  number  of  tons  of  coal  hauled  thai  its 
rails  will  become  a  highway  along  which  new  indus- 
tries will  spring  up  by  virtue  of  their  proximity  to  effi- 
cient and  economical  power,  will  he  not  be  more  than 
willing  to  find  cargo  space  automatically  created  in  his 
cars  to  haul  the  new  commodity,  and  does  not  such  an 
answer  carry  with  it  a  national  inspiration,  as  does  it 
not  at  once  imply  the  opportunity  of  expansion  of  the 
nation's  industrialism  with  the  promise  of  a  higher  de- 
gree of  economy  for  the  unit  production  of  power  ^ 

Again,  some  of  the  fairly  large  central  station 
owners  may  say.  What  is  to  become  of  our  plants? 
The  answer  is  simple :  This  is  the  day  of  obsolescence. 
Depreciation  bows  its  head  to  it.  Its  legs  are  not 
long  enough  to  keep  up  the  pace.  Progress  is  the 
mentor.  Look  at  the  great  horizontal-vertical  eng'nes 
of  the  Interborough  Rapid  Transit  Company;  the  vol- 
ume of  whose  low  pressure  cylinders  alone,  I  venture 
to  say,  were  large  enough  in  which  to  place  the  re- 
volving parts  of  the  steam  turbines  of  five  times  their 
capacity  which  replaced  them.  Why  are  these  engines 
m  the  scrap  heap?  Had  they  worn  out?  By  no 
means.  Obsolescence.  Thus  •  the  highest  economy 
stations  today  on  our  Atlantic  seaboard  will  be  lowest 
of  efficiency  as  compared  with  those  contemplated  for 
service  in  Secretary  Lane's  plan  for  conservation  by 
the  use  of  the  .super-power  plan  of  generation,  trans- 
mission and  distribution. 

This  great  regional  plant  as  suggested  by  the  ?cc- 
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retary  may  be  likened  l(^  a  university ;  and  plants  at 
present  constructed  will  have  to  pass  entrance  examin- 
ations in  efficiency  to  matriculate  in  that  university  and 
those  whose  efficiencies  are  such  as  to  disqualify  them 
will  find  themselves  obsolete  and  their  owners  ready 
to  take  power  from  the  super-power  line.  Secre- 
tary Lane's  plan  does  not  contemplate  taking  any  in- 
dividual or  corporation's  business  away.  On  the  con- 
trary, he  is  offering  the  opportunity  of  a  bigger  ;'nd 
more  efficient  business  to  all. 

W'e  are  mining  580  000  000  tons  of  bituminous 
coal  per  annum — a  jump  from  100  000  000  a  year 
during  a  period  of  20  years!  Our  railroad  facilities 
are  far  behind  transportation  requirements.  Why? 
Because  33  percent  of  our  cargo  space  is  filled  with 
this  essential  but  unclean  commodity.  How  long  do 
you  wait  for  the  raw  material  which  is  finally  to  leave 
your  factory  as  a  finished  product?  Usually  until 
you  are  out  of  breath.  Wh}'  do  you  wait?  Coal. 
Coal.  Coal.  It  clogs  the  yards.  It  clogs  the  sidings, 
and  it  clogs  the  main  lines.  We  refine  oil  and  ore  at 
their  sources — why  not  power? 

Though  there  are  a  hundred  arguments,  which  for 
lack  of  space  and  time  must  remain  unwritten,  let  us 
think  seriously  of  the  possibility  of  a  great  common 
carrier  of  electricity.  If  we  cannot  refine  all  the 
power  at  its  source,  then  let  us  refine  the  remainder  at 
great  stations  located  by  the  sea,  using  tugs  and  barges 
instead  of  locomotives  and  cars  to  haul  the  raw  ma- 
terial of  these  power  factories,  placing  the 
finished  product  up  overhead,  thus  releasing  the  rail- 
roads of  part  of  their  burden.  I  look  for  the  day 
when  such  a  great  electrical  common  carrier  between 
Boston  and  Washington  will  be  an  accomplished  fact. 
Such  a  carrier  will  transmit  to  the  primary  wires  of  ' 
present  day  companies  and  new  companies  to  come 
electrical  energy  produced  with  half  the  coal  con- 
sumption per  kilowatt-hour  which  is  required  today. 
And  so,  as  the  caption  of  this  article  reads,  will  the 
primaries  of  today  become  the  secondaries  of  tomor- 
row. 

Let  us  make  this  a  national  matter  and  also,  as  en- 
gineers, let  us  contribute  every  ounce  of  backing, 
moral,  physical  and  intellectual  to  the  Secretary's 
thought.  Whether  such  a  great  regional  plant  or  sys- 
tem is  owned,  financed  or  controlled  by  federal  or  by 
private  interests,  these  matters  will  get  due  consider- 
ation by  the  proper  parties  at  the  proper  time.  Sec- 
retary Lane's  plan  is  preliminary  to  all  things.  He 
wishes  to  prove  beyond  peradventure"  of  doubt  that 
the  waste  is  there,  and  what  it  amounts  to.  His  words 
to  the  Congress  are  concise  and  to  the  pt)int  in  the 
bill  which  he  has  framed,  reading: — 

"\  special  investigation  and  report  on  llic  power  supply 
for  the  Boston-Washington  industrial  region  to  determine  the 
economy  of  fuel,  labor  and  materials,  resulting  from  the  use 
sf  a  comprehensive  system  for  the  generation,  transmission 
and  distribution  of  electricity  to  transportation  lines  and  in- 
iltistrics." 

The  resolution  of  the  American  Institute  of  Elec- 
trical Engineers  at  their  recent  convention  in  Boston 


endorsing  Secretary  Lane's  plan  will  doubtless  be  a 
matter  of  gratification  to  him,  since  it  comes  from  the 
greatest  organ  of  American  electrical  jurisprudence. 

We  will  do  well  to  keep  our  engineering  minds  on 
two  things ;  the  result,  and  the  ways  and  means  to  ac- 
complish it.  If  it  is  done,  it  will  help  the  nation  to 
earn  a  new  title.  We  are  known  as  a  nation  of 
wealth.  We  who  have  had  so  much  have  known  that 
waste  has  been  its  complement.  Let  us  make  our- 
selves known  as  a  nation  of  economists.  The  plan  as 
offered  by  Secretary  Lane  offers  no  place  for  selfish, 
individual  profits.  It  smacks  of  altruistic  loyalty  to 
the  conservation  of  our  national  resources  and  com- 
mends itself  to  those  who  think  and  act  along  such 
lines. 


Central  Station  Profit  Sharing 

\Vm.  C.  L,  Eglin 

Vice-President, 

The  Philadelphia  Electric  Company 

ONE  of  the  important  matters  which  is  being 
given  thoughtful  consideration  at  this  time  is 
that  of  profit-sharing  with  employes.  During 
the  war,  the  labor  problem  was  one  of  the  most  difficult 
questions  presented  to  the  industries  of  the  country  and 
particularly  to  those  industries  which  were  essential  to 
the  prosecution  of  the  war.  The  selective  draft  pro- 
gram necessarily  demanded  that  every  man  of  the  re- 
quisite physical  qualities  should  be  first  assigned  to  the 
fighting  forces,  and  that  only  such  men  as  were  very 
decidedly  of  greater  value  in  these  essential  industries 
should  be  exempt.  The  withdrawing  of  this  laige 
number  of  producers  and  the  additional  demands  for 
increased  production  of  war  materials  caused  a  short- 
age of  labor;  the  natural  consequence  of  which  was  a 
very  rapid  increase  in  the  wages  paid  to  labor.  Most 
of  this  increase  was  considered  justified  because  of  the 
general  advance  in  the  price  of  all  materials  and  food- 
stuffs due  to  the  war. 

Since  the  close  of  the  war,  a  great  deal  of  time  and 
attention  has  been  spent  in  a  study  of  this  subject  of 
labor  and  wages.  This  study  has  been  carried  on  both 
by  committees  representing  different  departments  of 
the  Government  and  by  State  committees  and  others. 
Many  of  the  educational  institutions  are  also  making 
special  studies  of  this  subject,  in  the  endeavor  to  in- 
crease the  output  of  the  individual,  so  as  to  justify  and 
maintain  the  existing  higher  rate  of  pay.  The  elec- 
trical utility  companies  are,  for  many  reasons,  vitally 
interested  in  the  studying  of,  and  should  be  leaders  in, 
the  promoting  of  equitable  standards  of  labor.  For- 
tunately, the  electrical  industry  is  young  enough  not  to 
he  troubled  with  any  serious  prejudices. 

The  men  in  this  industiy,  through  the  training  re- 
ceived in  an  industry  which  is  largely  pioneer  in  its 
work,  have  been  developed  along  broad  lines.  The  im- 
portance of  their  work  and  their  responsibilities  have 
increased  from  year  to  year.  Recognition  should  be 
given  to  the  employe  for  this  added  responsibility.  The 
rapid  increase  in  the  size  of  the  generating  units  and  in 
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the  amount  of  energy  which  has  to  be  transmitted;  the 
added  compUcations  of  the  switchgear  and  measuring 
instruments ;  the  growing  necessity  of  effecting  minor 
economies  in  order  to  increase  the  efficiency  and  re- 
duce the  maintenance  costs  of  generating  and  distribu- 
tion equipment,  and  the  increasing  importance  of  re- 
Hability  of  service  must  be  met  by  improvements  in  the 
type  of  the  personnel — requiring  additional,  specialized 
training  to  fit  the  man  for  the  position. 

It  seems  reasonable,  also,  that  in  the  future,  recog- 
nition should  be  given  for  the  results  which  any  group 
of  employes  in  the  company  organization  has  helped  to 
bring  about ;  that  is,  some  profit-sharing  method  should 
be  devised  which  would  be  applicable  to  each  group  of 
individuals  in  the  industry,  so  that  the  economies  ef- 
fected through  the  teamwork  of  any  group  should  be, 
in  part,  available  in  the  form  of  bonuses  or  dividends 
to  that  group.  It  is  not  unreasonable  to  expect  that 
the  electrical  industry  can  lead  in  this  work  and  should 
be  able  to  provide  a  plan  that  will  be  applicable  to  each 
department. 


Value  of  Automatic   Railway    Substa- 
tions to  Central  Stations 

C.   F.  Lloyd 

Manager,    Substation    Section, 

Westinghouse   Electric  &  Mfg.   Company 

THE  CENTRAL  station  carried,  and  carried  well, 
a  generous  share  of-  burdens  imposed  upon  it  by 
economic  and  physical  conditions  incident  to 
the  war.  Aside  from  the  financial  strain,  the  equ:p- 
ment  in  many  cases  was  taxed  beyond  capacity 
by  the  old  customers  doubling  and  tripling  their  de- 
mand, almost  over  night,  to  say  nothing  of  the  many 
new  customers  that  were  added.  However,  one  can- 
not escape  the  conclusion  that  the  central  station  per- 
formed admirably,  and  has  benefited  by,  the  circum- 
stance of  the  war,  even  though  the  temporary  burdens 
have  been  heavy  and  have  not  disappeared  with  the 
cessation  of  hostilities. 

Due  to  the  shortage  of  power  in  some  of  the 
eastern  manufacturing  centers  during  the  winter  of 
1917-18,  the  Federal  Government  made  power  surveys 
in  several  sections,  the  majority  of  which,  showed 
enormous  waste  of  fuel.  Results  of  calculations  show- 
ing the  savings  that  would  result  by  operating  one  effi- 
cient central  station  to  supply  all  the  power  manufac- 
tured by  the  small  inefficient  plants  with  low  load  f.ac- 
tors,  were  astounding.  Again  it  was  clear  that  the  ser- 
vice, potentially,  would  be  far  superior  with  the  large 
central  plant.  These  conditions,  circumstances,  and 
facts  have  made  an  indelible  impression  on  the 
Government,  financial  world,  industry  in  general  r.nd 
the  public  in  particular,  which  no  doubt,  would  hfcive 


been  delayed  many  years  in  the  ordinary  course  of 
events.  Obviously,  this  inestimable  opportunity  must 
be  followed  up  without  delay  if  the  central  station  is  to 
reap  its  just  benefits.  To  this  end,  what  better  problem 
presents  itself  than  a  universal  combination  of  central 
station  and  railway  loads? 

Regardless  of  the  present  unfavorable  financial 
condition  of  the  electric  railway  systems,  the  country 
must  have  transportation  in  increasing  amount  and 
there  is  no  adequate  substitute  for  electric  traction. 
There  is  going  to  be  a  solution  of  the  financial  problems 
of  the  traction  companies  and  it  seems  safe  to  assume 
that  one  item,  that  will  help  the  situation,  will  be  the 
more  general  use  of  purchased  power,  preferably  di- 
rect current,  thus  leaving  the  railways  free  to  devote 
their  entire  time  to  their  real  problem — transportation. 

From  this  view  point  the  possibilities  of  the  auto- 
matic substation  are  of  vital  interest  to  qll  central  sta- 
tion engineers,  since  it  presents  enormous  possibilities  in 
the  solution  of  the  problem  of  selling  direct-current 
power  to  the  electric  railways  at  a  figure  that  will  real- 
ize a  fair  margin  of  profit  and  one  which  the  railways 
cannot  afford  to  neglect.  Automatic  substation  switch- 
ing has  reached  a  state  of  development  where  it  must  be 
taken  into  serious  consideration  if  we  are  going  to  do 
our  share  in  the  joint  conservation  of  capital  and  the 
countrv's  resources,  and  to  use  labor  more  effectively. 


Power  House  Economics 

E.  H.   Sniffin,  Manager, 

Power  Department, 

Westinghouse  Electric  &  Mfg.  Company 

THIS  NUMBER  contains  a  very  interesting  article 
by  Mr.  W.  S.  Finlay  Jr.  describing  in  consider- 
able detail  various  interesting  features  of  the 
60  000  kilowatt  three-element  turbogenerator  unit  now 
in  operation  at  the  Seventy-Fourth  Street  Power  Sta- 
tion of  the  Interborough  Rapid  Transit  Company  in 
New  York.  The  student  of  power  house  economics 
will  find  no  subject  within  that  sphere  of  engineering 
to  be  of  more  engrossing  interest  than  the  rapid  im- 
provements in  standards  that  have  been  taking  place  in 
steam  turbine  practice.  Indeed  there  is  still  such  a  di- 
versity of  practice,  so  many  arrangements  of  turbine 
unit  layout  and  such  a  difference  in  views  on  the  sub- 
ject, that  the  engineer  should  neglect  no  opportunity  to 
become  well  posted  on  the  details  of  design,  operative 
features,  relation  of  turbine  size  to  system  capacity,  in 
fact  all  questions  bearing  upon  this  phase  of  central 
station  practice.  The  Interborough  unit,  the  largest  in 
the  world  and  the  only  three-element  outfit  in  service, 
marks  an  interesting  chapter  in  the  recent  progress  of 
the  steam  turbine  art,  and  is  well  worth  a  careful  study. 


W".     S.     FlNLAV,    Jk. 

Superintendent   Motive  Power, 
Interborough  Rapid  Transit  Company 

THE  size  and  unusual  design  of  the  60000  kw 
turbine  recently  installed  at  the  74th  Street 
power  station  of  the  Interborough  Rapid  Transit 
Company  in  New  York  City,  warrants  a  brief  descrip- 
tion of  the  installation,  and  especially  of  the  unusual 
engineering  features  in  connection  with  the  foundations, 
piping,  general  arrangement,  etc.  During  the  period 
between  1913  and  191 5,  four  of  the  original  equip- 
ment of  nine  double,  horizontal-vertical,  cross-com- 
pound engines  of  the  Manhattan  type,  with  their  5000 
kw  Westinghouse  generators,  were  scrapped  to  permit 
the    installation    of    three    cross-compound    30000    kw 

Westinghouse 
turbine  units 
To  a  certain  ex- 
tent, the  gener- 
al arrangement 
of  these  units 
in  the  plant 
dictated  the 
relative  1  o  c  a- 
tion  of  the  new 
60  000  kw  unit, 
making  it  nec- 
essary to  biidge 
the  station  dis- 
charge tunnels 
with  a  heavy 
girder  con- 
struction, u  p- 
on    which    was 

superimposed 
the  steel  and 
concrete  foun- 
dations. The 
only  difference 
of  any  note 
was  in  the  pro- 
vision for  di- 
rect support  of  the  condenser  shells  by  this  foundation 
steel -work. 

The  transmission  of  vibration  was  guarded  against 
by  the  careful  structural  isolation  of  each  turbine  ele- 
ment's foundation,  the  surrounding  floor  merely  resting 
upon  the  foundation  without  solid  bolting  or  riveting. 
Certain  of  the  column  footings  and  grillages  had  to  be 
carried  well  below  the  basement  floor  level  being,  how- 
ever, well  set  in  rock  to  offset  any  possible  weakening 
due  to  circulating  water  pipe  trenches. 

Concentration  of  auxiliary  equipment  and  piping 
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was  necessarily  involved  and,  particular  precautions 
were  taken,  throughout  the  development  of  the  plans  to 
provide  a  clear  operating  floor  and  ready  access  to  ma- 
chinery, valves,  etc.  It  was  also  considered  desirable 
to  have  the  auxiliaries  within  reach  of  the  cranes  to 
facilitate  dismantling  and  overhauling  during  off-peak 
hours.  Another  fairly  important  feature  upon  which 
emphasis  was  placed,  was  absolute  uniformity  of  simi- 
lar auxiliaiy  units,  viz:  avoiding  right  and  left-hand 
arrangements,  thereby  reducing  the  necessary  stock  of 
spare  parts. 

The  result  of  the  studies  in  this  connection  was  the 

scheme    shown 
in  Figs.  3  and 
4.      The  circu- 
lating   pumps, 
which  are  gear- 
ed-turbine 
driven,  were 
designed     with 
intake  and  dis- 
charge     open- 
ings in  the  low- 
er   half   of  the 
shell,  permit- 
ting the    rapid 
removal  of  the 
upper    half  for 
inspection     o  r 
repairs  with    a 
minimum    dis- 
turbance o  f 
piping    attach- 
ments.     These 
pumps  were  lo- 
cated   immedi- 
ately above  the 
intake    tunnel, 
the  suctions 
utilizing  existing  openings.     The  general  design  of  the 
discharge  piping  to  the  condensers  was  carried  out  with 
a  particular  care  to  securing  an  even  distribution  of  cir- 
culating water  between  the  two  shells.     Rubber  expan- 
sion joints  similar  in  type  to  those  utilized  in  connection 
with  the  30000  kw  installation  were  installed  in  the 
lines  to  prevent  transmission  of  expansion  strains,  etc. 
The  discharge  piping  was  placed  in  trenches  and, 
after  careful  study  as  to  possible  expansion  and  con- 
traction strains,  was  inca.sed  in  concrete  to  a  large  ex- 
tent,  by   filling   in    the   trenches.     Before   doing   this, 
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however,  the  pipe  was  wrapped  in  heavy  paper,  leaving 
a  smooth  parting  between  itself  and  the  concrete,  the 
joints  being  left  exposed  in  pockets  which  were  after- 
wards filled  in  with  coal-tar,  and  the  whole  floored-over 
with  cement.  The  idea  in  using  tar  was  to  provide  a 
plastic  medium  which  would  permit  small  movement 
due  to  expansion,  at  the  same  time  serving  to  seal  the 
joints. 

The  vacuum  pumps,  three  in  number,  of  the  Le 
Blanc  hydro-air  type,  take  their  water  from  the  circu- 
lating pipmg,  discharging  to  the  circulating  tunnel. 
They  were  piped  up  to  the  condensers  so  as  to  permit 
of  a  variety  of  combinations  and  considerable  flexibility 
of  operation.  The  hot  well  pumps  were  located  in  a 
depression  below  the  condenser  shells,  being  easily 
reached  for  operation  and  maintenance  purposes.     The 
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air  washer  system  was  installed  in  fairly  close  proxim- 
ity to  the  auxiliary  equipment,  at  the  same  time  with 
little  or  no  cramping  of  space  conditions. 

The  atmospheric  relief  system  necessitated  provi- 
sion of  relief  valves  connected  to  the  condensers,  and  a 
single  back  pressure  valve  set  for  66  lbs.  pressure  con- 
nected to  the  high-pressure  element,  all  discharging 
through  a  common  48  inch  riser  to  the  roof  of  the  plant. 
Atmospheric  relief  valves  from  the  engines  were  util- 
ized on  the  condenser  relief  system,  there  being  two  to 
each  pair  of  condensers. 

The  main  high-pressure  steam  piping  consist-,  of 
two  18  inch  lines  carried  with  wide  and  ample  sweeps 
from  the  header  in  the  boiler  room  each  through  a 
throttle  valve  to  a  single  primary  turbine  inlet.     Ad- 


ditional quick  closing  valves  were  installed  for  emer- 
gency service,  this  duplication  generally  contributing  to 
the  reliability  of  the  unit.  The  idea  of  maintaining 
maximum  reliability  and  flexibility  was  further  carried 
out  by  applying  the  loop  idea  to  the  steam  lines  of  the 


FIG.    3 — PLAN   OF   TURBINE   INSTALLATION 

Showing  circulating  water,  atmospheric  exhaust  and  high- 
pressure  steam  lines. 

auxiliaries,  the  whole  scheme  being,  if  possible,  to  obvi- 
ate the  possibility  of  any  section  of  the  system  being 
shut  down  by  reason  of  a  break  in  the  steam  lines  or 
because  of  valve  trouble.  Rapid  operation  of  'aige 
valves  is  insured  by  the  utilization  of  motor-operating 
attachments,  but  in  spite  of  such  provision,  each  valve, 
wherever  possible,  was  placed  in  a  position  within 
reach  for  hand  operation.  A  typical  example  is  that  of 
the  valves  upon  the  circulating  water  piping. 

The  oil  system  of  the  unit  was  also  planned  with 
the  idea  of  maintaining  maximum  flexibility.     Particu- 


FIG.   4 — SIDE    VIEW    OF    TURBINE    SETTING 

Showing  circulating  water  and  atmospheric  exhaust  piping, 
lar  precautions  were  taken  to  have  the  oil  coolers  ac- 
cessible to  permit  ready  removal  of  coils. 

One  somewhat  novel  feature  of  the  installation  was 
the    displacement    of    the    ordinary    copper    expansion 
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joint  by  a  specially  designed  rubber  and  steel  joint. 
This  joint,  Figs.  lo  and  ii,  should  not  be  confused  as 
to  type  with  the  smaller  joints  used  upon  circulating 
water  piping,  the  smaller  ones  being  designed  upon  a 
completely  different  mechanical  basis.  When  the  idea 
of  securing  maximum  flexibility  between  the  condensers 


FIG.    5 — VIEW    OF    HOT    WELL    PUMPS 

and  turbines  was  being  given  consideration,  various 
schemes,  such  as  the  ordinary  copper  joint  and  the 
mercury  seal  joint  were  considered ;  but  with  full  ap- 
preciation of  the  unreliability  of  the  copper  joint  and 
its  actual  lack  of  flexibility,  and  the  difficulty  of  secur- 
ing a  satisfactory  mercury  joint,  it  was  finally  decided 
to  adopt  a  reinforced  rubber  joint. 

Numerous  tests  were  conducted  to  determine  the 
suitability  of  materials  and  relative  desirability  of  de- 
signs. For  instance,  it  was  found  that,  with  the  large 
pressure  that  would  be  exerted  upon  the  joint  when  in 
service,  it  would  be  impossible  to  utilize  any  construc- 
tion which  involved  running  bolt  holes  through  the  rub- 
ber. 


FIG.    f) — VIKW    OF    \ACUt;.\I    .MR    PUMPS    AND    VALVES 

The  general  scheme  utilized  in  the  construction  of 
an  ordinary  automobile  tire  was  then  followed  out  by 
designing  a  bead  with  circular  cross-section  for  use  on 
the  outer  edge  of  the  rubber,  this  being  gripped  between 
the  joint  flanges  and  sectional  blocks,  the  general  idea 
and  details  being  shown  in  Fig.  ii.     Unusual  mechani- 


cal strains  had  to  be  provided  for  by  reason  of  the 
shape  of  the  joint.  These  strains  and  the  normal  pres- 
sure strains  were  provided  for  by  the  introduction  of 
a  floating  reinforcement  ring  located  midway  between 
the  condenser  and  turbine  openings.  This  floating  ling 
is  supported  by  an  interior  shield  fastened  to  the  lower 
flange  which  in  turn  is  bolted  to  the  condenser  open- 
ing. Extending  upward,  and  bolted  to  the  reinforcing 
ring,  is  a  second  shield.  These  shields  were  designed 
to  guard  the  rubber  against  erosive  action  of  steam  flow 
iiid  at  the  same  time  serve  as  the  inner  walls  of  a  water 
jacket,  also  a  means  of  protecting  as  well  as  preserv- 
ing the  rubber.  Gages  outside  of  the  joint  indicate 
the  level  of  the  water  and  the  jacket  is  maintained  con- 
stantly full  under  normal  operation.  A  particular  fea- 
ture, for  which  careful  provision  was  made,  is  the  pos- 
sibility of  withdrawing  or  installing  the  joint,  without 
removing  the  turbine  from  its  foundation,  it  being 
readily  handled  through  the  exhaust  opening  and  from 
the  inside. 

Without  going  into  a  detailed  discussion  as  to  the 
lelative  merits  of  a  joint  of  the  type  as  described  above, 


FIG.    7 — VACUUM    AIR   PUMPS 

it  may  be  said  that  there  is  no  reason  why  rubber,  ?s  a 
material,  should  not  prove  as  satisfactory  as  copper  or 
other  metal,  if  proper  factors  of  safety  are  provided  in 
the  design. 

From  an  electrical  point  of  view  the  unit's  connec- 
tions were  adapted  to  the  general  scheme  applying  to 
the  30000  kw  compound  units,  detailed  descriptions  of 
which  were  given  several  years  ago.*  This  adaptation 
involves  the  following: — 

Each  generator  has  a  separate  oil  switch  connect- 
ing it  to  a  short  generator  bus.  From  this  bus  the  cur- 
rent can  be  led  to  each  of  two  main  bus  sections  through 
oil  switches  or  to  the  transfer  bus  through  another  oil 
switch.  It  is  possible  by  this  form  of  construction  to 
operate  each  element  separately  or  in  any  combination 
desired.     In    practice,    however,    the    three    generator 


*Sco  article  in  the  Journal  by  M.  C.   McNeil,  June  IQIS, 
p.  271  ;   and  l)y   Messrs.   Stott  and   Finlay,  July   IQ16,  p.  335. 
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switches  are  closed  and  the  whole  unit  brought  up  to 
speed  as  one,  the  synchronizing  being  done  through  one 
of  the  oil  switches  leading  to  the  main  bus  section^  or 
transfer  bus.  The  proper  disconnecting  switches  were 
placed  in  series  with  the  oil  switches,  some  of  them  be- 
ing remotely  controlled.  Suitable  current  transformers 
and  potential  transformers  with  their  proper  instru- 
ments were  installed  so  as  to  measure  the  output  of  each 
generator  separately,  there  being  in  addition  a  laige 
totalizing  transformer  by  which  the  combined  loads  of 
the  unit  can  be  metered  on  one  instrument. 

Reactance  coils  of  five  percent  value  were  inserted 
between  the  generator  bus  and  the  two  sections  of  the 
main  bus,  and  another  of  two  percent  value  between 
the  generator  bus  and  the  transfer  bus.  The  percent- 
age values  are  five  percent  and  two  percent  of  the  star 
voltage  when  carrying  one-half  load.  Each  generator 
is  protected  by  a  relay  system  devised  by  the  late  Mr. 
H.  G.  Stott,  which  is  a  modification  of  the  Merz-Pnce 
system.  Should  a  burn-out  occur  in  the  windings  of 
any  generator,  the  unbalanced  currents  will  operate  a 


The  unit  is  designed  on  what  is  known  as  the  cross- 
compound  principle,  and  consists  of  one  high-pres- 
sure turbine  and  two  low-pressure  turbines,  each  ele- 
ment being  coupled  direct  to  its  generator,  all  three 
elements  when  in  normal  operation  being  tied  together 
electrically.  The  steam  path  is  such  that  all  the  steam 
passes  through  the  high-pressure  element,  then  divides 
equally  and  flows  through  the  two  low-pressure  ele- 
ments. This  principle  of  design,  by  dividing  the  work 
done  into  separate  cylinders,  allows  smaller  individual 
elements  which  are  inherently  stronger  than  large 
cylinders ;  it  makes  possible  an  outfit  considerably  more 
flexible  than  a  single  large  unit,  and  more  reliable  be- 
cause the  turbines  are  smaller  and  there  is  less  temper- 
ature difference  in  any  one  cylinder;  and  commercially 
common  materials  with  moderate  blade  speeds  and 
stresses  can  be  used. 

Although  this  unit  consists  of  three  separate  ele- 
merits,  the  method  of  starting  the  elements  from  lest 
preparatory  to  synchronizing  is  essentially  the  same  as 


FIG.    8 — GEAR    TURBINE    DRIVEN    CIRCULATING    WATER    PUMPS 

relay  which  in  turn  will  open  the  oil  switch,  disconnect- 
ing the  generator  from  the  line. 

To  summarize  and  to  restate  the  considerations 
controlling  the  design  of  the  installation  as  a  whole, 
constant  thought  was  given  to  and  provision  made  for 
supplying  every  device  and  taking  every  precaution  to 
secure  conditions  conducive  to  satisfactory  operation  of 
the  turbine  and  its  auxiliary  equipment  and,  although 
this  might  be  said  in  connection  with  any  large  installa- 
tion, it  is  the  opinion  of  the  engineers  who  have  been 
active  in  carrying  out  the  work,  that  at  least  some  of  the 
features  described  in  the  foregoing  are  somewhat  ex- 
ceptional in  these  respects. 

The  steam  turbine  itself  is  of  interest  not  only  be- 
cause it  is  the  largest  prime  mover  in  service  in  the 
world,  but  because  of  many  interesting  features  in  its 
construction,  it  being  the  first  of  the  three-cylinder  tur- 
bines to  be  put  in  operation.  The  machine  has  a 
maximum  continuous  capacity  of  60000  kw,  and 
70000  kw  for  two  hours.  It  occupies  a  floor  space  of 
52  by  50  feet,  and  at  maximum  load  requires  826  000 
pounds  of  steam  per  hour. 


FIG.    9 — CRANE    VIEW    OF    PUMP    ROOM 

for  single  shaft  units.  First,  the  field  current  of  all 
three  generators  is  applied,  then  the  throttle  valve  on 
the  high-pressure  element  is  partially  opened.  As  soon 
as  the  high-pressure  rotor  starts  revolving,  it  will, 
through  the  applied  field  current,  start  the  rotors  of 
the  two  low-pressure  elements  revolving.  This  causes 
all  three  elements  to  come  up  to  speed  together  and  in 
correct  phase  with  each  other,  so  that  when  synchron- 
ized with  the  system  they  can  be  connected  to  the  main 
bus-bars  by  closing  a  single  circuit  breaker. 

By  the  use  of  an  ingenious  governing  arrangement, 
means  have  been  provided  that  will  permit  uninter- 
rupted operation  of  each  individual  element,  should 
one  or  the  other  two  elements  be  taken  out  of  service 
by  tripping  the  automatic  stop  from  any  cause  not  af- 
fecting all  three  elements.  For  example,  if  the  high- 
pressure  element  be  shut  down,  each  low-pressure  ele- 
ment will  automatically  receive  high-pressure  steam  di- 
rect from  the  boilers  through  its  own  individual  hi^h- 
pressure  steam  system,  whereas  in  normal  operation 
the  low-pressure  elements  do  not  receive  any  high- 
pressure  steam  direct.     Vice-versa,  if  the  two  low-pres- 
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sure  elements  be  shut  down  from  any  cause  not  affect- 
ing the  high-pressure  element,  the  high-pressure  ele- 
ment will  continue  operating  and  automatically  exhaust 
its  steam  into  the  atmosphere ;  but  should  only  one  low- 


FIG.    10 — FRONT    ELEVATION    OF    TURDINE    AND    CONDENSERS 

With   right-hand   side  broken   away   to   show   expansion  joint. 

pressure  element  be  removed  from  service,  the  high- 
pressure  element  will  exhaust  into  the  remaining  low- 
pressure  element.  All  this  governing  arrangement,  as 
before  stated,  is  entirely  automatic.  Such  flexibility, 
needless  to  state,  is  not  possible  with  turbines  employ- 
ing a  single  generator  unless  they  be  of  as  small  ca- 
pacity as  one  of  the  elements. 

This  unit  is  built  entirely  on  the  reaction  principle, 
in  contradistinction  to  most  Westinghouse  turbines  of 


FIG.    II — DETAILED      VIEW      OF     WATER-COOLED      RUBBER      EXPANSION 
JOINT    BETWEEN    TURBINE    AND    CONDENSER 

moderate  capacity  where  the  high-pressure  section  con- 
sists of  an  impulse  element.  This  change  is  due  to  the 
enormous  volumes  of  steam  which  are  to  be  handled, 
thus  permitting  of  relatively  long  blades  in  the  first 


rows  of  the  high-pressure  element  with  the  result  that 
the  reaction  rather  than  the  impulse  design  becomes  the 
more  desirable. 

The  high  and  low-pressure  turbines  are  propor- 
tioned so  that  with  a  total  load  of  60000  kw  the  load 
will  be  equally  divided  between  the  three  elements.  In 
case  of  the  failure  of  one  of  the  low-pressure  ele- 
ments, it  would  be  called  upon  to  carry  an  abnormal 
load,  since  all  the  steam  from  the  high-pressure  element 
must  pass  through  one  low-pressure  turbine.  To  pro- 
vide against  injury  to  the  generator  from  this  cause 
there  is  provided  a  back  pressure  valve  on  the  exhaust 
of  the  high-pressure  element  which,  when  the  pressure 
has  reached  a  given  amount,  will  permit  steam  to  ex- 
haust direct  to  the  atmosphere.  The  pressure  selected 
is  that  which  corresponds  to  a  load  of  30  000  kw  on  the 
low-pressure  turbine,  which  it  is  well  able  to  sustain 
for  half  an  hour;  one-half  hour  being  regarded  as  suf- 
ficient time  in  which  to  get  other  units  on  the  system, 
when  the  load  on  the  high-pressure  and  one  low-pres- 
sure of  the  triple  unit  may  be  reduced  to  the  limits  of 
the  continuous  capacity  of  the  low-pressure  generator. 


FIG.    12 — LOWER    HALF    OF    LOW-PRESSURE    CYLINDER 

As  regards  steam  flow,  the  high-pressure  element 
is  of  the  single-flow  construction,  in  which  the  steam 
enters  at  one  end  of  the  cylinder  and  flows  in  one  di- 
rection to  the  other  end  of  the  cylinder,  where  it  is 
discharged.  The  low-pressure  elements  are  of  the 
semi-double  flow  arrangement,  where  the  steam  enters 
near  the  center  of  the  cylinder  and  all  flows  through  a 
portion  of  the  blading  in  the  same  direction.  It  then 
divides,  and  one  half  of  the  steam  continues  traveling 
in  the  same  direction.  The  other  half  flows  in  the  op- 
posite direction  through  a  suitable  passage  surrounding 
the  single-flow  stage,  and  then  through  the  other  low- 
pressure  stage  to  the  condenser. 

The  high-pressure  element  contains  50  rows  of 
blades,  the  height  of  the  first  row  being  four  inches  and 
that  of  the  last  row  nine  inches.  The  journals  are  ten 
inches  in  diameter,  which  gives  a  very  conservative 
journal  velocity  of  65.5  ft.  per  sec.  The  rotor  is 
equipped  with  a  Kingsbury  tlirust  bearing,  the  function 
of  which  is  to  prevent  any  axial  movement  of  the  rotor. 
Due  to  the  high  temperature  of  the  steam  entering  the 
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turbine,   the   cylinder   of   the   high-pressure   element   is 
made  of  cast  steel. 

In  this  three-cylinder  turbine,  inasmuch  as  the 
steam  passes  the  low-pressure  elements  in  parallel,  the 
heat   drop   through   the   low-pressure   turbine   is   twice 


SECTION    THHOUGH    HIGH-PRESSURE   TURIilNE 

that  which  would  be  obtained  were  tliere  but  one  low- 
pressure  turbine,  because  of  the  three  generators  being 
of  equal  capacity.  This  has  the  advantage  that  the  pip- 
ing between  the  high  and  low  sections  are  vei^y  much 
smaller,  being  in  this  instance  but  three  feet,  five  inches 
in  diameter.     There  is  a  further  advantage  that  a  low- 
pressure  turbine  may  operate  alone  with  high-pressure 
steam  with  relatively  good  economy,  the  low-pressure 
turbine  operating  alone  having  a  steam  consumption  of 
14.25  lbs.  per  kw-hr.,  the  high-pressure  and  one  low- 
pressure  turbine  having  a  steam  consumption  of  12  lbs. 
per  kw-hr. ;  these  figures  being 
comparable  with   10.7  lbs.  per 
kw-hr.    at    the   best    point    of 
steam     consumption     for    the 
complete  unit. 

Each  low-pressure  ele- 
ment contains  44  rows  of 
blades.  The  height  of  the 
first  row  is  six  inches,  and 
that  of  the  last  row  is  15 
inches.  In  this  element  the 
turbine  rotor  journal  is  12 
inches  i  n  diameter,  being 
larger  than  that  on  the  high- 
pressure  element  because  the 
rotor  is  heavier.  With  this 
journal  diameter  there  is  still 
a  conservative  journal  velocity 
of  78.5  ft.  per  sec.  The  rotor, 
as  in  the  case  of  the  high 
pressure      element,      is      also 

equipped  with  a  Kingsbury  thrust  bearing.  Due 
to  the  low-pressure  turbines  being  designed  to  oper- 
ate in  an  emergency  with  high-pressure  steam 
at  its  initial  pressure  and  superheat  which,  when  ex- 
panding into  the  pressures  obtaining  in  the  low  pressure 


turbine,  has  its  superheat  much  increased,  being  ap- 
proximately 230  degrees  F.,  or  a  total  temperature  of 
509  degrees,  the  central  portion  of  the  turbine  is  all 
made  of  steel.  There  are  in  all  four  surface  con- 
densers installed,  two  being  connected  to  each  one  of 
the  low  pressure  elements. 
The  total  area  of  cooling 
surface  is  100  000  square 
feet. 

The   unit   is   designed 
to   operate  with   steam  of 
205    lbs.    per   sq.   in.   gage 
pressure,    superheated    150 
grees  F. ;  and  to  exhaust  at 
temperature     of     540     de- 
grees F.,  and  to  exhaust  at 
a  vacuum  of  29  in.  of  mer- 
cury   (referred  to  a  baro- 
meter of  30  in.).     At  the 
load  of  40  000  kw,  which 
is      the      point      of      best 
economy  of  this  unit,   the 
high-pressure    element  will 
receive    its    steam    at    a    pressure    of    211     lbs.    per 
sq.    in.    absolute    and    a    temperature    of    538    degrees 
F.     and    exhaust    it    into    the    low-pressure    elements 
at  a  pressure  of  29.7  lbs.  per  sq.  in.  absolute  and  tem- 
perature of  250  degrees   F.   in   which  elements  it   is 
further   expanded   down   to   the   pressure   in   the   con- 
denser, viz.,  one  inch  mercury  absolute  and  a  temper- 
ature of  79  degrees  F. 

Each  turbine  runs  at  a  speed  of  1500  r.p.m.  and  is 
connected  to  a  generator  of  20000  kw  continuous  ca- 
pacity and  23  500  kw  capacity  for  two  hours,  which  is 


FIG.    14 — SECTION    THROUGH    LOW-PRESSURE   TURBINE 

delivered  at  1 1  000  volts,  three  phase,  25  cycles.  As 
previously  stated,  each  element  has  its  individual  bus- 
bars with  separate  feeders.  Installed  in  the  connec- 
tions between  these  bus-bars  are  reactance  coils  which 
will  permit  of  only  a  limited  amount  of  current  flow- 
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ing  between  the  generators.  Any  tendency  for  an  ab- 
normal flow  in  current  through  the  reactances  causes 
a  circuit  breaker  to  open  the  circuit.  This  is  done  for 
tlie  purpose  of  insuring  the  continuous  operation  of  the 


FIG.    15 — LOW-PRESSURE    TURBINE 

With  main  cover  removed  and  internal  cylinder  in  place 

remaining  elements  should  a  short-circuit  develop  in  the 
feeder  system  of  any  one  of  tlie  three  elements. 

Since  the  governing  mechanism  must  control  three 
units — not  only  when  operating  together,  but  when  op- 
erating separately, — it  involves  several  features  novel 
in  steam  turbine  practice.  Each  unit  is  provided  with 
an  overspeed  stop  governor  which  will  immediately 
shut  off  the  steam  from  that  unit  if  the  speed  rises 
above  a  predetermined  amount.  Each  unit  is  also 
equipped  with  a  speed  regulating  governor  of  which 
that  on  the  high-pressure  unit  is  of  the  customary  fonn. 
The  speed  regulating  governors  on  the  low-pressure 
units  are  somewhat  more  complicated. 

A  butterfly  valve,  capable  of  automatic  operation, 
is  provided  in  each  connection  between  the  high  and 
low-pressure  units  which  will  be  automatically  closed 
sliould  the  low-pressure  turbine  speed  exceed  the  pre- 
determined limit.  This  is  tripped  shut  first  by  the 
speed-regulating  governor  should  it  go  to  the  outer 
position,  and  in  event  of  its  failing,  then  by  the  auto- 
matic stop  governor.  The  high-pressure  turbine  is 
provided  with  another  exhaust  having  a  back  pressure 
valve  so  that  when  necessary  the  exhaust  from  the  high- 
pressure  turbine  may  pass  to  atmosphere,  and  the  high- 
pressure  turbine  continue  to  carry  its  load. 

Similarly,  should  the  high-pressure  element  lose 
its  load,  its  governor  will  cut  off  steam  to  the  whole 
system.  If  the  governor  does  not  control  the  turbines 
and  its  speed  reaches  the  predetermined  limit,  then  the 
stop  governor  on  the  high-pressure  will  close  the  auto- 
matic throttle,  similarly  cutting  off  steam  from  the 
whole  system.  The  whole  system  will  then  slow  down 
until  it  reaches  a  predetermined  speed  lower  than  nor- 
mal, when  the  governors  on  the  low-pressure  turbines 
will  cause  live  steam  to  be  admitted  directly  to  them. 


The  high-pressure  turbine  governor  is  adjusted  for 
close  regulation,  say  three  percent  for  its  total  range. 
It  is  necessary,  of  course,  that  the  system  operate  fiom 
no  load  to  full  load,  that  is,  be  subjected  to  the  speed 
variation  in  this  three  percent  range, 
without  the  low-pressure  governors 
performing  any  of  their  functions, 
admitting  live  steam  to  the  low-pres- 
sure turbines  on  the  one  hand,  or 
closing  the  connection  between  the 
high  and  low  on  the  other.  Hence, 
the  travel  of  the  low-pressure  govern- 
ors may  be  said  to  be  divided  into 
three  zones;  the  outer  position  of  the 
governor  weights  operating  the  but- 
ter-fly valves,  admitting  steam  to  the 
low-pressure  element;  the  inner  posi- 
tion of  the  weights  controlling  and 
regulating  the  admission  of  high-pres- 
sure steam  to  the  low-pressure  tur- 
bines. Between  the  outer  and  inner 
position  is  a  portion  of  the  governor 
travel  which  is  called  "neutral,"  and 
when  the  governor  is  within  this  por- 
tion of  its  travel  it  has  no  effect  on  any  of  the  control 
apparatus. 

It  is,  of  course,  desirable  that  if  there  be  load  vari- 
ations within  the  limits  of  the  capacity  of  the  machine 
and  resulting  speed,  the  low-pressure  governor  should 
not  go  outside  of  its  neutral  limits  and  cause  disturb- 
ances to  the  system  by  performing  any  of  the  functions 
that  it  should  perform  in  the  emergencies  for  which  it 
is  intended.     It  is,  therefore,  important  that  under  nor- 


(a)  (b) 

FIG.    16 — INTERNAL    CYLINDER    OF    LOW-PRESSURE    TURBINE 

<j — Looking  towards  generator  end. 
b — Looking  towards  turbine  end. 

mal  operating  conditions  tliis  low-pressure  governor  be 

maintained  in  its  neutral  position,  at  which  time  there 

may  be  the  maximum  variation  from  normal  frequency 

either  up  or  down,  before  live  steam  is  admitted  to  the 

low-pressure  on  the  one  hand,  or  low-pressure  steam 

cut  off  on  the  other.     Hence  eleven  lamps  are  provided 

on  the  switchboard  which  give  the  operator  an  exact 

knowledge  of  the  position  of  the  low-pressure  governor. 

Means  are  also  provided  by  which  he  may  change  the 

tension  of  the  governor  spring  from  the  switchboard  in 
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order  to  maintain  this  governor  in  its  central  position 
at  all  times  while  the  unit  is  operating  normally. 

The  total  range  of  the  low-pressure  governors  will 
be    ajiproximately    12    percent.       Counting    from    the 


cent,  the  valve  admitting  high-pressure  steam  to  the 
low-pressure  turbine  will  begin  to  open,  and  then  with  a 
further  fall  of  three  percent  in  speed,  this  valve  will 
become  fully  open,  and  then  again  the  governor  h?s  a 
little  additional  travel  corresponding  to  one  percent 
change  in  speed  to  take  care  of  errors  of  adjustmxnt. 
The  three  percent  range  between  the  high-pressure 
governor  valve  commencing  to  open  and  being  fully 
o]ien  is  iiprf^-nr\-  in  order  that  it  may  regulate  the  tur- 


FIG.    17 — UnV-PRESSUKE    SECTION    OF    LOW-PRESSURE    CYLINDER 


central  position,  if  the  turbine  speed  rises  three  per- 
cent, the  governor  will  come  into  the  position  to  close 
the  low-pressure  gate  valves;  before  it  rises  four  per- 
cent the  low-pressure  valve  should  have  been  tripped 


Vir..    K) — I.dW-PRI-SSURK    TURP.INE    ROTOR 

bine  properly  when  operating  with  high-pressure  steam 
direct. 

When  the  governor  is  central  the  signal  lamp  cen- 
tral will  illuminate,  and  as  the  lever  goes  up  the  signal 
lamp  UPPER  NEUTRAL  will  first  illuminate,  which  will  re- 
^  main  alight  until  the  signal  lamp  marked  neutral  will 
also  illuminate.  As  the  lever  continues  rising  the 
UPPER  NEUTRAL  lamp  will  go  out  and  the  low-pressure 
about  to  close  will  illuminate.  Further  motion  will 
also   illuminate   the   signal   lamp   low-pressure   inlet. 


FIG.    18 — LOW-PRESSURE   CHAMBER   OF    HIGH-PRESSURE   TURBINE 

shut.  The  governor  then  has  a  little  extra  travel,  cor- 
responding to  one  percent  change  to  take  care  of  im- 
proper adjustment.  Going  downward  from  the  central 
position,  should  the  turbine  speed  decrease  three  per- 


FIC.    20 — MAIN    POWER    CONTROLLED    VALVE  . 

and  LOW-PRESSURE  closed.     The  operation  in  a  down- 
ward direction  is  similar. 

There  is  a  butterfly  valve  in  the  low-pressure  line 
which  is  controlled  from  the  governor  of  the  cori'e- 
sponding  low-pressure  turbine.     Each  valve  is  operated 
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by  a  differential  piston  to  both  sides  of  which  steam 
pressure  is  admitted.  One  end  of  this  cyHnder  is  con- 
nected to  a  valve  trip  mechanism  located  at  the  low- 
pressure  governor  and  so  arranged  that  when  the  gov- 
ernor  reaches  a   prescribed  position   a   valve   will   be 


FIG.    22 — AUTOMATIC   VALVE 

In    receiver  pipe   between   high-pressure   and   low-pressure 
turbines. 

tripped  open,  thus  releasing  steam  from  that  side  of  the 
differential  position.  Steam  pressure  in  the  other  side 
will  then  quickly  force  the  butterfly  valve  closed.  If 
the  turbine  is  to  be  shut  down,  the  gate  valve  is  then 
closed  by  hand.  The  butterfly  valve  may  be  opened  or 
closed  also  by  a  hand-controlled  valve. 

The  valve  controlling  live  steam  direct  to  the  low- 
pressure  turbine  will  begin  to  open  when  the  low-pres- 


FIG.    23 — LOW-PRESSURE   VALVE   GEAR 

sure  governor  reaches  a  prescribed  position.  This  valve 
mechanism  does  not  differ  in  principle  from  the  main 
high-pressure  valve  controlling  steam  in  the  system,  and 
is  in  conformity  with  ordinary  practice  for  such  pur- 
poses. 


The  overspeed  stop  governor  on  the  high-pressure 
turbine  will  close  the  main  throttle  valve  and  the  main 
regulating  valve,  while  that  on  the  low  pressure  tur- 
bine will  bring  about  the  closing  of  the  butterfly  valve, 
and  the  governor  and  throttle  valves  admitting  high- 
pressure  steam  to  the  low-pressure  turbines. 

As  part  of  the  throttle  valves  there  is  a  switch 
which,  when  closed,  will  open  the  main  circuit  breaker. 
Should  some  accident  happen  to  one  of  the  turbine  ele- 
ments, it  may  be  instantly  cut  out  by  operating  the 
emergency  stop,  which  will  cause  the  immediate  closing 
of  the  automatic  throttle.  This  in  turn  causes  the  clos- 
ing of  the  switch,  which  opens  the  circuit  breaker. 

The  operation  of  this  apparatus  may  be  further 
described  by  the  following  examples:- — 

/ — If,  on  account  of  some  electrical  trouble,  the 
circuit  breaker  opens  between  the  generator  of  a  low- 
pressure  turbine  and  the  bus,  this  turbine  will  then  be 
relieved  of  load,  and  will  speed  up  three  percent  (pro- 
viding the  governor  has  been  maintained  in  the  central 
position).  Before  it  has  speeded  up  four  percent  the 
low-pressure  butterfly  valve  will  have  closed.  In  the 
meantime  the  steam  is  still  going  into  the  high-pressure 
turbine.  The  exhaust  pressure  of  the  high-pressure 
element  will  then  rise,  if  the  load  be  great  enough,  un- 


FIG.    24 — 60000    KW    RECEIVER    PIPING 

til  the  back  pressure  valve  on  the  exhaust  opens,  per- 
mitting the  high-pressure  turbine  to  continue  operating, 
a  fraction  of  its  steam  exhausting  into  the  atmosphere, 
the  remainder  passing  to  the  low-pressure  turbine 
which  is  in  operation. 

Upon  closing  the  butterfly  valve,  the  low-pressure 
turbine  receiving  no  steam  will  commence  to  slow 
down,  and  when  it  has  reached  three  percent  below  nor- 
mal, the  governor  valve  admitting  high-pressure  steam 
to  the  low-pressure  element  will  commence  to  open  and, 
unless  some  adjustment  is  made,  it  will  remain  at  that 
speed  under  the  control  of  its  governor. 

2 — If  an  accident  happens  to  a  low-pressure  tur- 
bine, making  it  desirable  to  take  it  out  of  service 
quickly,  the  operator  can  trip  the  emergency  stop  as  he 
would  on  any  turbine,  which  will  cause  the  closing  of 
the  butterfly  valve  tlien  admitting  low-pressure  steam, 
and  the  throttle  valve  which  later  would  admit  live 
steam  to  the  low-pressure.  The  throttle  valve  being 
automatically  closed  by  the  emergency  stop  will  close 
the  switch,  which  will  open  the  circuit  breaker,  when 
the  low-pressure  turbine  will  come  to  rest. 

J— On  a  disturbance  to  the  electrical  system  which 
will  cause  the  opening  of  the  circuit  breaker  on  the  gen- 
erator of  the  high-pressure  turbine,  the  high-pressure 
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turbine,  being  relieved  of  load,  \\  ill  speed  up  an  amount 
corresponding  to  the  regulating  characteristics  ot  the 
high-pressure  governor,  cutting  off  nearly  all  the  Sicam 
supply  to  the  whole  system,  only  enough  steam  passing 
through  the  high-pressure  element  to  maintain  it  at 
speed. 

If  there  are  enovigh  units  operating  on  the  system 
to  take  the  load  that  has  been  dropped  by  this  unit,  the 
low-pressure  turbines  will  continue  in  service,  but 
carrying  practically  no  load.  If,  however,  there  are 
not  enough  units  in  the  system  to  carry  the  load,  then 
the  frequency  of  the  whole  system  will  fall  three  per- 
cent (providing  the  low-pressure  governor  has  been 
maintained  in  its  central  position)  when  high-pressure 
steam  will  begin  to  be  admitted  direct  to  the  low-pres- 
sure turbines  and  a  further  fall  of  three  percent  will 
give  complete  opening  to  this  governor  valve,  admitting 
high-pressure  steam. 

Should  it  then  be  found  that  the  exigencies  of  the 
system  demand  that  the  low-pressure  turbines  continue 
carrying  the  load,  the  switchboard  operator  may  then 
by  his  distant  control  of  the  governor  tighten  the  gov- 
ernor spring  by  means  of  the  motor  until  he  brings  the 
speed  of  the  unit  (and  system)  to  normal,  when  the 
low-pressure  turbines  may  continue  operating  in- 
definitely, carrying  any  load  within  their  capacity  with 
governor  regulating  the  high-pressure  valve  opening. 

4 — In  case  of  an  accident  to  the  high-pressure  tur- 
bine, its  emergency  stop  may  be  tripped,  which  will 
bring  about  the  automatic  closing  of  the  main  throttle 
valve.  This  valve,  when  automatically  closed,  will  clcse 
the  switch  that  is  on  the  throttle  valve,  which  in  turn 
will  open  the  main  circuit  breaker  on  the  high-pressure 
turbine,  after  which  the  operation  will  be  the  same  as  in 
case  J. 

Since  each  low-pressure  turbine  has  its  independ- 
ent governor,  it  is  obvious  that  either  or  both  will  oper- 
ate indefinitely  if  the  high-pressure  turbine  has  been 
put  out  of  service  as  indicated  in  either  3  or  4  above. 

If  the  throttle  valve  be  manipulated  by  hand  in  the 
usual  way  it  will  have  no  effect  on  the  switch  that  is 
on  the  throttle  valve.  This  switch  will  only  be  closed 
when  the  throttle  valves  are  operated  by  means  of  the 
emergency  stop. 

The  general  principle  of  multiple-cylinder  turbines. 


each  element  driving  a  separate  turbine,  is  by  row 
quite  old.  It  i"esults  in  a  great  simplification  of  design. 
At  first  thought,  such  a  machine  may  be  considered 
complicated,  by  reason  of  the  number  of  turbine  ele- 
ments with  their  additional  bearings,  etc.  This  is  by 
no  means  the  case,  for  turbine  bearings  are  one  of  the 
elements  that  cause  no  concern.  There  is  a  direct  gain 
in  the  factor  of  reliability  by  use  of  the  cross-compound 
principle  as  is  evidenced  by  the  performance  of  the 
several  two-cylinder  machines  which  have  been  in  op- 
eration for  the  past  several  years. 

In  the  first  conception  of  the  cross-compound  tur- 
bines the  designer  had  in  mind  only  the  simplification 
and  the  reliability  that  would  accrue  therefrom.  The 
possibility  of  operating  the  turbine  elements  individually 
was  an  obvious  possibility,  permitting  energy  to  be 
produced  in  spite  of  an  accident  to  one  or  other  of  the 
turbine  elements,  which  became  more  apparent  in  the 
case  of  the  three-cylinder  machine.  The  unit  partakes 
of  the  high  efficiency  corresponding-  to  a  large  machine, 
and  in  a  certain  measure  the  flexibility  of  a  number  of 
small  machines,  permitting  a  given  system  to  install 
larger  machines  with  the  same  factor  of  reliability  that 
would  be  good  judgment  were  single  cylinder  units  em- 
ployed. 

The  foregoing  description  of  the  turbine  is  almost 
wholly  devoted  to  describing  the  autortiatic  features  by 
means  of  which,  in  the  event  of  trouble  with  any  of  the 
elements,  it  will  be  automatically  cut  out  of  service,  the 
remaining  two  elements  continuing  to  carry  the  load. 
This  is  because  the  particular  feature  is  new  while  the 
turbines  themselves  present. no  unusual  features  which 
are  not  well  known ;  the  design  being  conservative,  in- 
volving low  stresses  in  all  cases,  permitting  the  use  of 
readily  obtained  commercial  materials.  The  question 
of  being  able  to  operate  the  turbine  elements  separately 
in  case  of  emergency  became  one  of  great  importance 
in  the  minds  of  some  operating  engineers,  and  there- 
from came  the  demand  that  every  advantage  should  be 
taken  of  this;  and  hence  the  development  of  the  auto- 
matic apparatus  herein  described  which  obviously  in- 
volves some  complexity.  Such  arrangements,  however, 
are  by  no  means  essential,  for  in  the  operation  the  tur- 
bine elements  may  be  individually  taken  on  and  off  the 
system  manually  with  but  little  delay. 
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THE  illumination  of  interiors  without  the  use  of 
hanging  ceiling  fixtures  is  in  many  respects  a 
new  phase  of  lighting  practice.  The  possibili- 
ties of  this  method  have  not  been  very  generally  dis- 
cussed, although  its  applications  are  becoming  more 
and  more  numerous.  One  finds  in  applying  this 
method,  that  it  takes  many  unexpected  turns,  it  has 
many  interesting  and  pleasing  situations  and  is  a 
means  whereby  many  of  the  beautiful  things  in  light- 
ing may  be  realized. 

We  have  by  no  means  reached  the  highest  stand- 
ard in  lighting  practice  and  it  seems  that  we  are  now 
coming  into 
one  of  the  im- 
portant stages 
in  the  evolu- 
tion toward  the 
ideal  in  the  art 
of  lighting. 
Many  mile- 
stones have 
marked  the  up- 
ward tenden- 
cies in  this  im- 
portant activi- 
t  y  ,  including 
the  oil  burner, 
the  candle,  the 
gas  light  and 
finally  the 
modern  electric 
lamp.  Inter- 
esting   stories 

have  been  written  tracing  the  history  ot 
the  lighting  fixture  through  its  various 
periods  of  utility  and  design.  Toda\ 
attention  is  more  largely  centered  on  tht 
best  uses  of  light  for  our  comfort,  our 
pleasure  and  our  practical  requirement 
We  have  come  to  a  place  where  we  ire 
now  ready  fo.  the  refinements  in  light 
ing  methods  and  in  the  ways  of  using 
light. 

In  the  present  day  practice,  especi- 
ally in  buildings  of  a  public  character, 
we  are  getting  farther  and  farther  away  from  the  use 
of  the  so-called  lighting  fi.xture.  Many  experiences  in 
recent  installations  have  shown  that  ceiling  fixtures  are 
not  always  necessary.  In  fact,  they  often  detract  frdm 
the  harmony  of  the  interior.  Although  hanging  fix- 
tures have  been  used  many  years,  there  are  numerous 
cases  in  which  we  need  not  confine  ourselves  to  this 
arrantrement. 
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There  are  many  interiors  that  lend  themselves 
especially  to  this  new  kind  of  lighting  treatment. 
There  are  others  in  which  the  use  of  ceiling  fixtures 
is  [jiecluded  because  of  certain  structural  and  archi- 
tectural features.  In  any  case,  the  lighting  units  can 
be  worked  into  the  decorative  elements  of  the  room, 
all  lamps  and  reflectors  being  entirely  hidden  from 
view,  yet  flooding  the  interior  with  a  clear  comfortable 
illumination.  The  containers  can  be  so  designed  that 
they  will  carry  the  suggestion  of  a  decorative  feature 
rather  than  that  of  a  lighting  fixture. 

There  are  many   methods   by    which    the    illumin- 
ation of  interi- 
ors without  the 
use  of  ceiling 
fixtures  can  be 
accomplished. 
Units  may    b  e 
concealed  in 
projecti  n  g 
coves    or    cor- 
nices, placed  in 
wall  boxes  or 
pockets,  in  the 
caps    of    col- 
umns,    hidden 
in    the  tops  of 
floor  pedestals, 
art    lamps,    on 
mantels,  book- 
cases, in  urns, 
etc.  The  meth- 
od    employed, 
of    course    depends    upon    the    general 
character  of  the  room  to  be  illuminated. 
The    correct    application   of   this 
j    phase  of  lighting  practice  calls  for  very 
careful    planning    and    co-operation  on 
the  part  of  the  lighting  man,  the  archi- 
tect and  contractor.     There  are  a  num- 
ber of  instances  in  which  architectural 
design  has  been  modified  to  conform  to 
the  lightingplan,but  without  comprom- 
ising   in  any  way,  the  decorative   and 
architectural  features  of   the   interior. 
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COR-VICE    SECTION 

In  some  cases,  it  is  even  necessary  to  design  special 
reflectors  in  order  to  properly  direct  and  control  the 
light.  Great  variety  in  lighting  effects  are  possible  be- 
cause of  the  flexibility  that  characterizes  this  method. 
Its  applications  are  almost  unlimited  in  extent.  This 
method  is  used  in  stores,  display  rooms,  offices,  in  the 
home  and  in  many  other  places  where  on  first  thought 
hanging  ceiling  fixtures  might  be  considered  the  only 


THE   ELECTRIC  JOURNAL 


practical  method. 

The  degree  to  which  this  method  of  illumination 
has  been  employed  in  the  past  two  or  three  years,  leads 
us  to  predict  that  much  of  the  lighting  of  the  future 
will  be  accomplished   from  sources  entirely  concealed 


COVE    LIGHTING 

The  lighting  of  interiors  from  coves  and  cornices 
is  one  of  the  oldest  forms  of  illumination  without  ceil- 
ing fixtures.  This  method  was  applied  in  the  early 
days    of    the    incandescent   lamp    and    there    is    also   a 


FIG.    3 — COVE   LIGHTING 

An  appropriate  method  for  lighting  motion  picture  houses. 


and  without  resorting  to  the  use  of  hanging  ceiling 
fixtures.  This  does  not  mean  however  tliat  there  are 
not  many  interiors  in  which  fixtures  are  most  appro- 
priate and  will  continue  to  be  used,  as  for  instance,  in- 
teriors of  a  commercial  type  and  those  wherein,  for 
certain  artistic  reasons,  the  designer  wishes  to  retain 
the  suspended  fixture. 


record  that  cove  lighting  was  used  many  years  ago 
with  gas  and  even  oil  lamps.  The  early  installations 
of  cove  lighting  were  necessarily  very  inefficient,  as 
the  light  was  poorly  controlled  and  the  waste  was 
enormous.  Cove  lighting  can  now  be  installed  that 
compares    favorably    with    systems    using    ceiling    fix- 


FIG.    4 — LIGHT  REFI.FXTFJ)  FROM  THE  TOPS  OF  CASES  AND  PARTITIONS 

A  dignified  effect  can  be  obtained  as  shown  in  this  New 
York  store. 

The  chief  aim  in  this  article  is  to  pouit  out  some 
of  the  practical  methods  that  have  been  employed  and 
to  suggest  some  of  the  possibilities  in  lighting  where 
the  ordinary  ceiling  fixtures  are  not  used. 


FIG,    5 — INTERIOR   VIEW    OF   A    STORE    IN    PASADENA,    CALIFORNIA 

The  lighting  method  employed  is  the  result  of  the  co- 
operative effort  of  the  architect,  interior  decorator  and  light- 
ing man. 

tures,  thus  making  it  a  practical  method  of  illumin- 
ation for  many  interiors  such  as  churches,  auditori- 
ums, theaters,  ballrooms,  lobbies,  and  even  residences. 
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The  church  auditorium  in  Fig.  I  recei\es  all  of 
its  illumination  from  a  cornice  along  two  sides  of  the 
room.  The  equipment  used  is  shown  in  a  dia- 
grammatic way  in  Fig.  2.  The  lighting  units  are  spaced 
two  feet  apart  and  each  unit  contains  two  40  watt 
lamps.     The  design  of  the  reflector  employed  is  such  as 


fornia    store    where    a  special    reflector    unit    was   em- 
ployed in  brackets  on  each  column. 

An  installation  in  an  auto  display  room,  such  as 
the  one  shown  in  Fig.  6  has  the  advantage  of  at- 
tractiveness aside  from  the  fact  that  the  illumination 
is.  remarkably  well  diffused  and  especially  good  for  the 
displaying  of  the  highly  finished  surfaces  of  the  c;.rs. 


FIO.    6 — AN    .\UTOMOBILE   SALESROOM    LIGHTED    WITH    A    CLUSTER    OF 
UNITS   AROUND  THE  COLUMNS 

to  throw  the  light  away  from  the  walls  toward  the 
center  of  the  ceiling.  In  some  installations  of  this 
character,  the  cove  is  so  small  that  a  special  reflector 
shape  is  required. 

In  cove  lighting,  the  ceiling  should  be  uniformly 
illuminated.  Splashes  of  light  or  alternate  light  and 
dark  spots  on  the  wall  just  above  the  equipment  must 
be  avoided.  The  size  and  extent  of  the  cove,  its 
proximity  to  the  ceiling  of  the  room,  the  means  of 
reaching  the  cove  for  cleaning  and  renewing  of  lamps 
are  all  factors  which  must  be  carefully  considered  in 
the  design  of  a  cove  lighting  system. 

LIGHTING    FROM    TOPS    OF    CASES    AND    PARTITIONS 

A  Store  in  New  York  City  utilizes  the  tops  of  dis- 
play cases  and  partitions  for  the  illumination  of  a 
salesroom,  as  shown  in  Fig.  4.  Ceiling  fixtures  are 
entirely  absent.  In  fact, 
there  is  no  suggestion  a^  to 
the  location  of  the  light 
sources  except  for  the 
artistic  touch  of  a  fow 
portable  lamps,  seen  in  the 
illustration.  An  unusually 
uniform  ceiling  effect  is 
obtained  by  the  careful 
placing  o  f  the  reflecting 
units. 

LIGHTING      FROM       COLu'MN 
CLLTSTERS 

One  of  the  advantages 
of  the  lighting  methods 
shown  lies  in  the  fact  that  it  leaves  the.  ceiling  clear 
and  gives  the  interior  a  more  roomy  appearance.  In- 
direct lighting  makes  the  ceiling  appear  higher,  a  very 
desirable  feature  in  many  cases,  especially  for  rooms 
having  a  low  ceiling.     Fig.  5  shows  a  view  in  a  Cali- 


HG.   8 — WALL   BOX    OR    WALL   POCKET    METHOD    OF    ILLUMINATION 

\n  effective  and  inexpensive  method  of  lighting  a  salesroom. 
Beautiful  finishes  and  polished  articles  are  most  ;'d- 
vantageously  displayed  under  dilifused  lighting.  Di- 
rect light  tends  to  produce  shadows,  reflections  ;;rid 
spots  where  in  reality,  they  do  not  appear  on  the  sur- 
face, thus  showing  up  the  product  in  an  inferior  way. 
A  lighting  system  which  will  combine  the  desirable 
features  of  indirect  illumination  and  at  the  same  time 
have  advertising  value,  because  of  its  unusual  or 
unique  appearance,  is  greatly  to  be  desired.  The  il- 
lustration in  Fig.  6  shows  clearly  the  method  employed 
with  a  cluster  of  lighting  units  around  each  column 
near  the  ceiling.  This  particular  room  is  46  feet  wide 
and  97  feet  long;  the  ceiling  is  16  feet  high.  Each  of 
the  ten  columns  supports  a  cluster  containing  eight  re- 


*LEfIBl£  CONODIT- 

OUTUT  BOX 


7 — SECTIONAL     VIEW     OF 
WALL  LIGHTING  BOX 


Showing    the    special    design 
of  the   reflector  imit  employed. 


KIG.    () — SOI.AKUM    IN    A   COUNTRY    CLUB    HOUSE 

Ilhmiinatcd  solely  from  one  central  floor  pedestal  contain- 
ing five  500  watt  lamps  in  mirrored  reflectors. 

flectors,  each  with  a  75  watt  lamp.  In  combination 
with  these  units,  wall  boxes  containing  special  re- 
flectors with  100  watt  lamps  are  employed.  The  total 
wattage  per  square  foot  is  two.  It  is  six  feet  from  the 
ceiling  to  the  top  of  the  boxes  and  clusters. 
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WALL   BOXES   AND    TOCKKTS 

Many  times  it  is  not  practical  to  constiaict  a  con- 
linuous  cove  for  the  concealment  of  the  lighting  unils, 
but  yet  it  is  desired  to  illuminate  the  interior  by  means 
of  hidden  reflectors.  To  meet  this  condition,  a  scheme 
known  as  the  wall  box  method  and  a  special  reflector 
designed  for  use  in  these  boxes  has  been  advantage- 
ously employed.  The  sectional  diagram,  Fig.  7,  shows 
a  wall  box  in  which  the  special  reflector  has  been  in- 
stalled. This  reflector  because  of  its  peculiar  shape 
can  be  placed  almost  directly  against  the  wall  and  still 
not  allow  the  light  to  splash  on  the  area  above  the  unit. 
The  light  is  projected  to  the  ceiling  away  from  the 
wall,  -therefore  eliminating  the  annoying  dark  and  light 
areas  which  would  ordinarily  occur  if  the  special  re- 
flector were  not  used.  Fig.  8  shows  a  practical  appli- 
cation of  this  method  in  an  automobile  salesroom. 
The  wall  boxes  in  this  instance  have  been  worked  into 
the  paneling  and  occur  at  each  pilaster. 

The  wall  box  method  is  an  especially  good  one  for 
the  lighting  of  theater  auditoriums.  It  permits  cf  a 
clear  unobstructed  view  from  one  end  of  the  roor.i  to 


500  WATT  MAZDA 
C    LAMP 
IfFLECTOe.  HOLDLt- 


I'lC.    10 — DKTAII.   OK    THE    l'Kril:STAI,   IN    FIG.    ID 

the  other,  and  since  tb.e  hanging  fixtures  are  elimin- 
ated, there  is  no  interference  to  the  projection  of  pic- 
tures. Where  the  architectural  treatment  of  the  in- 
terior does  not  lend  itself  to  the  use  of  a  continuous 
cove,  the  wall  box  scheme  is  an  ideal  method. 

The  usual  proceding  in  theater  lighting  is  to  p'O- 
\i(le  three  or  four  units  in  each  box.  The  units  are 
wired  on  separate  circuits,  thereby  providing  several 
intensities  of  illumination  and  adding  to  the  flexibility 
of  the  installation.  With  one  lamp  or  unit  in  each  Ijox 
burning,  a  dim  illumination  is  provided  while  the  show 
is  in  progress.  By  turning  on  more  lamps,  a  brigbier 
light  may  be  secured  for  intermissions. 

The  use  of  this  method  and  also  that  of  i^^ixc 
lighting  in  theaters  makes  jjossible  the  application  of 
color  lighting.  Color  screens  can  be  mounted  ah^ove 
each  of  the  lighting  units,  and  with  the  units  arranged 
on  various  circuits,  one  for  each  color,  the  atmosphere 
of  the  interior  may  be  entirely  changed  by  means  of  a 
varying  tint  to  the  illumination.  A  system  of  dimmers 
in  circuit  with  the  lighting  units  provides  an  easy 
means    bv    which    the    auflitorium    niav    he    liehted    so 


gradually  that  one  is  scarcely  aware  of  the  increa.iing 
intensity.  Then  the  colors  of  red,  green,  blue  or  am- 
ber or  various  combinations  can  be  passed  through  to 
a  direct  white,  gradually  receding  to  almost  actual 
darkness  without  a  noticeable  flicker.  Many  of  the 
iiKJSt  modern  theaters  have  been  definitely  planned 
with  the  idea  of  making  color  effects  a  part  of  the 
lighting  scheme  using  a  cove  lighting  or  other  method 
by  which  the  ceiling  fi.xtures  are  discarded. 

PEDESTAL   LIGHTING 

Indirect  lighting  of  interiors  from  floor  outlets  has 
been  employed  not  only  where  novel  lighting  effects 
are  desired  but  also  where  illumination  of  the  entire 
room  from  one  central  location  is  desired.  In  the 
case  of  floor  pedestal  lighting  as  shown  by  the  illus- 
trations of  Figs.  9  and  11,  the  lighting  standards  are 
for  all  intents  and  purposes  merely  decorative  re- 
ceptacles for  flowers.  If  the  proper  equipment  is  in- 
stalled, it  will  not  be  at  once  apparent  that  the  light 
emanates  from  the  bowl  in  the  pedestal.     Careful  ad- 


FIi;.    II — I'KllKST.M.      METHOn     OV     LIGHTING     TEA     ROOMS,     CONFEC- 
TIONERV   STORES    AND   SIMILAR   INTERIORS 

justmeiit  is  necessar\"  in  making  an  installation  of  this 
character  to  insure  that  the  entire  ceiling  is  evenly  il- 
luminated and  to  prevent  sharp  contrast  between  the 
ceiling  and  sidewall  illumination. 

■j'lie  details  of  the  lighting  standard  for  the 
.-solarium  shown  in  Fig.  9  are  given  in  the  diagram  of 
Fig.  10.  The  bowl  which  surmounts  the  pedestal  or 
lighting  standard  contains  a  number  of  reflectors  and 
lamps.  The  area  illuminated  is  43  feet  square,  the 
ceiling  height  is  21  feet,  the  lighting  standard  10  feet 
high  and  36  inches  across  the  top  of  the  urn.  This 
urn  contains  five  500  watt  lamps  in  mirrored  reflectors. 
The  wattage  consumption  is  about  1.3  watts  per  square 
1(K)1.  In  this  room,  for  ornamental  purposes  only, 
lanlern  ixpe  fixtures  are  suspended  from  the  ceiling  in 
the  side  bays  or  wings,  containing  low  wattage  lamps. 
l'>eautiful  color  effects  are  produced  in  the  solarium 
space  h\-  placing  color  screens  above  the  reflector  un'ts. 

ART   LAMPS 

(  )ne  of  the  most  nmel  and  attractive  devices  for 


THE   ELECTRIC  JO  URN.  IE 


187 


the  illumination  of  rooms,  especially  rooms  in  the 
hcMiie,  is  tlial  oi  the  indirect  lighting  portable  lamp. 
This  lamp  performs  two  purposes  as  is  clearly  illus- 
trated by  Figs.  12  and  13.  It  will  provide  light  imme- 
diately under  the  lamp  with  the  effect  obtained  by  the 
ordinary  table  lamp.  It  will  also,  by  the  pull  of  a 
switch,  flood  the  entire  room  with  diffused  indirect  il- 
lumination.    The    entire     mechanism      for     producing 


FK-.    12 — ILLUMl.N.'KTiON    FROM    AN    ART    LAMP    AS    IT    IS 
USUALLY    EMPLOYED 

For  localized  lighting  near  the  table. 

these  effects  is  concealed  within  the  silk  shade  of  the 
lamp  so  that  the  appearance  of  the  lamp  remains  un- 
changed. Fig.  14  shows  the  shade  of  a  table  lamp 
inirtially  cut  awa\-  to  expose  the  mechanism.  This 
mechanism  consists  of  a  large  reflector  which  provides 
the  indirect  illumination,  small  lamps  at  the  base  of 
this  reflector,  and  switches  for  controlling  the  lights. 
By  pulling  one  switch,  the  small  lamps  are  lighted,  giv- 
ing the  shade  the  illuminated  decorative  effect  of  the 


FIG.    13 — SAME   ROOM    AS    SHOWN    IN    U(.     12    II  LUMIN' \  IFD   WITH     \ 
FLOOD   OF   INDIRrCl    I  IGHI 

The  light-  comes  from  special  criinpment  concealed  inside 
the  shade.  This  lighting  effect  can  he  alternated  with  that 
shown   in   Fig.    12   h\-  the  pull   of   a   switch. 

usual  art  lam|)  and  providing  the  light  on  the  table  for 
ordinar\'  reading  purposes.  When  a  general  illumina- 
tion in  the  room  is  desired,  the  pulling  of  another 
switch   turns  on   the  large   Mazda  lanij)  contained  and 


hidden  within  the  opaque  reflector.  The  light  f'-om 
this  lamp  and  reflector  is  thrown  to  the  ceiling  and 
then  dift'used  throughout  the  room  as  indirect  illumin- 
ation. 

The  indirect  lighting  art  lamp  has  a  wide  adapta- 
bility. It  has  been  used  primarily  for  illuminatioii  in 
the  home,  but  is  also  recognized  as  an  ideal  method  for 
the  illumination  of  candy  shops,  millinery  shops, 
beauty  parlors,  and  tea  rooms.  The  ordinary  art 
lamp,  although  it  has  found  great  favor  in  the  Ameri- 
can home,  has  in  many  instances  little  or  no  value 
from  a  utilitarian  standpoint.  The  most  pleasing  ef- 
fects are  obtained  from  this  indirect  portable  lamp.  It 
provides  a  flexibility  in  the  illumination  of  the  home, 
allowing  for  a  variation  of  the  monotony  in  lighting. 

CURRENT  CONSUMPTION 

When  properly  installed  indirect  lighting  equip- 
ment gives  economical  results,  comparing  favorably 
with  the  direct  or  semi-direct  methods.  In  many  cases, 
indirect  illumination  has  been  employed  at  a  saving  in 
current  and  wiring  costs  over  an  adequate  direct  light- 
ing system  for  the  same  interior.     This  is  due  to  the 


FIG.    14 — INDIRECT    PORTAIiLE    LAMP    ADAPTER 

The  mechanism  is  entirely  concealed  within  the  silk  shade 
SO  that  the  ontward  appearance  of  the  lamp  remains  unchanged. 

fact  that  the  lighting  units  can  be  concentrated  at  a 
few  central  locations,  thereby  cutting  down  the  num- 
ber of  outlets.  Also  the  diffuse  character  of  the  illumi- 
nation makes  it  possible  to  light  large  areas  fairly  uni- 
formly from  one  fixture.  It  often  occurs  that  due  to 
the  greater  ability  to  sustain  clear  seeing  under  indirect 
Illumination,  less  wattage  can  be  used  than  by  direct  or 
^emi-direct  lighting. 

Current  consumption  should  not  and  does  not  form 
the  basis  for  a  fair  comparison  of  any  two  or  more 
systems  of  lighting  for  any  interior.  Items  such  as 
psychological  and  physiological  effect,  cost  of  mainten- 
ance and  upkeep,  first  cost  of  wiring,  fixture  cost, 
architectural  and  aesthetic  advantages,  as  well  as  the 
seeing  ability  under  the  systems  should  form  the  real 
basis  for  comparison.  Until  recently,  the  question  of 
cost  was  usually  decided  upon  current  consumption  in- 
stead of  greatest  human  efficiency  under  the  system. 

For  the  systems  described  in  this  article,  cove 
lighting  and  installations  employing  column  clusters 
usually  require  a  little  more  wattage  than  indirect  light- 
ing with  ceiling  fixtures,  whereas  the  floor  lamps  and 
pedestals  need  not  have  a  greater  wattage  consumption 
than  a  fixture  installation. 


Of  'llvo  lir'iDf  J  (01  vShiel  Corrtpany 


G.  W.  Haney 
Electrical  Superintendent, 
Brier  Hill   Steel  Company 


THE  problems  encountered  in  the  application  of 
electric  drive  to  the  great  variety  of  machinery 
employed  in  the  manufacture  of  steel  products 
are  probably  more  diversified  than  those  which  arise  in 
the  use  of  electricity  in  any  other  industry.  Among 
the  plants  in  which  the  electrical  and  mechanical  fea- 
tures have  been  worked  out  with  considerable  detail  is 
the  new  plate  mill  of  the  Brier  Hill  Steel  Company  at 
Youngstown,  Ohio,  in  which  electric  drive  is  used 
throughout.  The  plates,  which  are  the  sole  product  of 
the  plant,  are  rolled  in  two  mills;  one  a  three-high,  cne- 
stand  mill,  having  a  width  of  132  inches,  and  the  otlier 
a  two-stand  mill  84  inches  wide.  The  roughing  stand 
of  the  84  inch  mill  is  driven  by  a  reversing  direct- cur- 
rent motor  supplied  with  energy  from  a  flywheel  mo- 


to  electrically-operated  pushers  located  at  the  rear  of 
each  furnace.  Hot  slabs  are  discharged  from  the 
front  of  the  furnaces  onto  the  mill  approach  tables. 
After  a  plate  has  been  rolled  in  the  132  inch  mill,  it 
goes  through  a  straightener  and  then  runs  out  on  a 
chain  cooling  bed.  From  the  cooling  bed,  it  passes  to 
an  inspection  table  and  on  to  the  various  shears  at  the 
lower  end  of  the  building.  Plates  rolled  in  the  84  inch 
mill  may  go  either  directly  to  a  straightener,  inspection 
table,  and  shears,  or  through  an  annealing  furnace  and 
then  to  be  straightened,  inspected  and  sheared. 

All  power  for  operating  the  plant  is  supplied  by 
the  Republic  Railway  &  Light  Company  through  two 
three-phase,  60  cycle,  66000  volt  lines  which  are  con- 
nected through  oil   circuit  breakers  and  disconnecting 


Brier  Hill  Steel  Company's  stcpdowii  transformers  at  extreme  left.  The  brick  ducts  through  which  the  secondary  leads 
extend  to  the  tunnel  below  can  be  seen  behind  the  transformers.  The  22000  volt  lines  pass  over  the  mill  from  the  struc- 
ture  nearest   the  building.     The  66000  volt   structure   is   at  the  right. 


tor-generator  set,  and  the  three-high  finishing  stand  is 
connected  to  a  continuous  running  alternating-current 
motor  rated  at  2500  hp.  A  5000  hp,  alternating-current 
motor  drives  the  132  inch  mill. 

A  general  layout  of  the  entire  plant  is  given  in 
Fig.  2.  The  equipment  is  in  one  large  building,  1350 
feet  long.  The  part  of  the  building  in  which  the 
finished  plates  are  sheared,  weighed  and  stored,  or 
shipped,  is  built  of  brick  and  is  312  feet  wide  and  394 
feet  long.  The  remainder  of  the  building  is  of  struc- 
tural steel  construction,  and  has  a  width  of  208  feet. 
Slabs  are  brought  into  the  upper  end  of  the  building  on 
two  standard  gage  tracks  and  transferred  from  the  cars 
to  the  storage  piles  by  equipped  magnet  cranes. 

There  are  three  continuous  furnaces  for  each  mill. 
These  furnaces  burn  gas  from  the  Company's  coke 
ovens  located  at  the  main  steel  plant  some  distance 
away.     Cranes  carry  the  slabs  froin  the  storage  piles 


switches  to  the  Power  Company's  66  000  volt  bus  at  the 
generating  station  at  Lowellville,  Ohio.  By  the  side  of 
the  .Steel  Company's  mill  and  within  the  property  line 
of  the  plant,  there  has  been  erected  an  outdoor  sub- 
station which,  in  its  layout  and  construction,  represents 
modern  engineering  practice  both  in  the  application  of 
the  high-voltage  substation  to  steel  mill  requirements 
and  to  power  plant  distribution  sy.stems. 

The  construction  of  the  substation  is  shown  in  Fig. 
I,  and  the  main  connections  are  shown  by  the  single 
line  diagrain,  Fig.  3.  The  two  66  000  volt  lines  connect 
to  a  main  and  auxiliaiy  bus  which  is  supported  in  the 
structural  work  by  substantial  insulators  of  the  suspen- 
sion type.  The  bus  arrangement  allows  enough  flexi- 
bility in  switching  to  enable  any  piece  of  apparatus 
which  may  be  damaged,  to  be  cut  out  of  circuit  and  re- 
paired or  replaced  without  the  necessity  of  discontinu- 
ing the  main  functions  of  the  substation. 
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Part  of  the  power  transmitted  over  the  66000  volt 
lines  is  transformed  to  22  000  volts  and  is  used  by  the 
Power  Company  in  their  22000  volt  distribution  sys- 


troUed    from   the   control   desk   in    the   mill    substatirin. 

Power  is  supplied  to  the  mill  through  a  bank  of 

three  3500  k.v.a.  66000/2200  volt  single-phase  oil  in- 


FIG,    2 — LAYOUT    OF    PLATE    MILL 

I — Republic  Railway  &  Light  Co. — outdoor  substation;  2 — Step-down  transformers;  3 — Substation;  4 — Motor  room  of  132 
inch  mill;  5 — Control  houses;  6 — Control  cellars;  7 — Roughing  stand — 84  inch  mill;  S^Finishing  stand — 84  inch  mill;  9 — 132 
inch  mill;  10 — Furnaces;  II — Chain  transfers;  12 — Straighteners  ;  13 — Inspection  tables;  14 — Shears;  15 — Castor  bed;  16 — 
Scales;   17 — Roll  shop. 


tem,  which  is  connected  to  this  substation  through  the 
four  22  000  volt  lines  shown  on  the  single  line  diagram. 
The  22000  volt  system  is  so  arranged  that  if,  for  any 
reason,  power  cannot  be  furnished  to  the  Steel  Com- 
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pany  over  the  66  000  volt  lines,  it  can  be  supplied 
through  the  medium  of  the  9375  k.v.a.  transformer 
banks  from  the  22  000  volt  system,  thus  insuring  a  con- 
stant supply  of  power  to  the  Steel  Company.  All  cir- 
cuit  breakers    are   electrically    operated    and    are    con- 


sulted self-cooled  transformers.  One  additional 
transformer  is  kept  as  a  spare  and  all  transformers  are 
mounted  on  wheeled  trucks  so  that  any  defective  trans- 
former may  be  removed  and  the  spare  transformer  sub- 
stituted with  a  minimum  of  time  and  effort. 

The  total  power  supplied  to  the  mill  is  metered  on 
the  66000  volt  side  of  the  supply,  there  being  furnished 
as  metering  equipment  a  graphic  wattmeter,  a  graphic 
power- factor  meter,  and  a  combined  watthour  meter 
and  graphic  watthour  demand  indicator.  The  readings 
of  all  these  meters  are  taken  into  consideration  wf.en 
the  charge  for  the  energy  consumed  is  determined. 


FIG.    4 — OIL    CIRCUIT    BREAKERS    IN    MOTOR    SUB-STATION    BASEMENT 

Connections  on  the  2200  volt  side  of  the  trans- 
formers are  made  of  bare  copper  strap,  and  these  straps 
are  run  through  brick  ducts  into  a  tunnel  containing 
the  main  bus  extension,  where  they  form  a  closed  delta 
connection  and  are  joined  to  the  bus.  In  the  tunnel,  the 
bus  is  supported  by  a  substantial  pipe  framework  on 
which  the  bus  insulators  are  mounted. 

The  tunnel  leads  to  a  bus  and  circuit  breaker  struc- 
ture which  extends  nearly  the  full  length  of  the  motor 
substation  basement.  In  one  side  of  the  structure  are 
located  the  bus  and  feeder  compartments  and  the  neces- 
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sary  disconnecting  switches  for  the  various  circuits  of 
the  plant.  The  oil  circuit  breakers  with  their  operating 
mechanisms   are  mounted   on   the  other   side.     Circuit 


carried  in  the  tunnel.  The  feeder  on  the  left  is  made 
up  of  1.25  inch  copper  tubing  and  supplies  the  pump 
and  air  compressor  motors  located  in  the  room  above. 
The  other  feeder,  which  is  constructed  of  2.5  inch  cop- 
per tubing,  is  connected  to  the  5000  hp  motor  dnvmg 
the  1^2  inch  mill.     The  use  of  tubular  conductors  re- 
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breakers  of  large  rupturing  capacity  are  used  on  ac- 
count of  the  large  capacity  of  the  power  system  to 
which  the  plant  is  connected,  which  would  cause  very 
heavy  currents  to  flow  in  case  of  an  accidental  short- 
circuit  on  any  of  the  2200  volt  feeders.  Fig.  4  gives  a 
view^  of  the  circuit  breaker  structures  showing  the  con- 
struction of  the  cells  and  the  mounting  of  the  operating 
mechanism.  Operation  of  the  circuit  breakers  is  ef- 
fected from  the  control  desk  in  the  motor  room  above. 
A  waterproof  tunnel  extends  from  the  main  sub- 


KIC.    7 — GENERAL   X'lEW  OF   MOTOR   SUBSTATION 

The  control  desks  are  shown  in  the  left  foreground.  The 
rear  panels  carry  graphic  and  integrating  meters  and  no-voltage 
and  overload  relays.  Sections  of  the  roof  over  the  heavy 
equipment  may  be  removed,  allowing  the  mill  crane  to  be  used 
in  lifting  parts.. 

suits  in  a  material  reduction  in  the  weight  of  copper  re- 
quired, especially  on  a  60  cycle  circuit  where  the  .skin 
effect  would  make  the  amount  of  inactive  material  quite 
appreciable  if  copper  straps  or  solid  circular  conduclors 
were  used.  The  oil  circuit  breakers  for  the  5000  hp 
motor  are  shown  in  Fig.  6. 

In  the  main  motor  substation,  Fig.  7,  are  installed 
the  reversing  niot(jr  and  its  flywheel  motor-general  or 
set,  exciter  set,  circuit  breaker  and  control  panels;  the 
2500  hp  induction  motor;  two  750  kw  synchronous  mo- 
tor-generator sets ;  tiie  motor-generator  set  for  the  con- 


FK;.    6 — OIL    CIRCUIT    j;liEAKLK    FOR    jOOO    HP 
MOTOR 

Showing  neat  api)carance  of  connections 
which  can  be  obtained  when  tubnlar  con- 
ductors are  used. 

Station  basement  to  the  basement  under  the  motor  room 
of  the  132  inch  mill.  The  view  shown  in  Fig.  5, 
which  was  taken  at  the  point  where  the  tunnel  enters 
the  132  inch  motor  room  basement,  shows  the  construc- 
tion and  method  of  mounting  the  two  2200  volt  feeders 
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l.NCH     MILL 

ng  arrangement  of  Westinghouse  reversing  motor,  flywheel 
erator   set,   exciter   set,   and  direct-current  circuit  breaker  panel. 

Irol  circuits;  two  li(|uid  slip  regulators  and  the  main 
control  desks.  Tiie  heavy  ijieces  of  equipment  can  be 
lifted  with  the  mill  cranes  by  taking  off  sections  of  the 
motor  room  roof.  During  the  day,  the  room  is  un- 
usually well  lighted  through  numerous  large  windows 
.-ind  at  night  illumination  is  supplied  by  enclosed  nitro- 
gen lamps  hung  from  the  roof  and  mounted  on  steel 
columns.     Two   of    the    lamps   near   the    control   desks 
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are  supplied  from  the  control  storage  battery,  thus  pre- 
venting total  darkness  in  the  room  if  the  voltage  of  the 
alternating-current  system  fails. 

The  reversing  motor  which  drives  the  roughing 
stand  of  the  84  inch  mill,  Fig.  8,  has  a  maximum  rat- 
ing of  I  000000  foot-pounds  torque  at  40  r.p.m.  Com- 
mutating  poles  and  compensating  windings  are  provided 
and  the  600  volt  armature  is  designed  to  give  the  least 
possible  rotative  inertia.  The  main  field  is  compound 
wound,  thus  increasing  the  motor  torque  for  heavy 
passes,  and  allowing  the  speed  to  increase  during  light 
passes.  The  shunt  coils  are  energized  by  a  125  volt 
constant  potential  generator  and  the  compounding 
winding  is  supplied  from  a  variable  potential  generator, 
the  voltage  of  which  is  proportional  to  the  curreni  in 
the  motor  armature.  Reversal  and  speed  control  are 
obtained  through  manipulation  of  the  field  of  the  gen- 


FIG.   Q — MAGNETIC    CONTROLI.EU    FOR    REVERSING    MOTOR 

erator  of  the  flywheel  motor-generator  set.  The  motor 
is  quickly  brought  to  rest  by  regenerative  braking.  This 
feature  makes  it  possible  to  reverse  from  40  r.p.m.  in 
one  direction  to  40  r.p.m.  in  the  opposite  direction  in 
two  seconds.  The  automatic  magnetic  contactor  con- 
troller, Fig.  9,  is  operated  from  a  master  switch  in  the 
mill  pulpit.  A  blower  and  air  washer  located  in  the 
basement  of  the  substation  provides  forced  ventilation 
for  the  motor  windings.  About  35  000  cubic  feet  of 
clean  air  per  minute  is  supplied  through  a  carefully 
laid  out  tunnel  under  the  basement  floor. 

The  flywheel  motor-generator  set  of  the  reversing 
equipment  consists  of  a  1500  hp,  three-phase,  60  cycle, 
2200  volt,  350  r.p.m.  induction  motor ;  a  60  000  pound 
flywheel  and  a  2250  kw,  600  volt,  shunt-wound  sepa- 
rately excited  direct-current  generator  having  commu- 
tating  poles  and  compensating  windings.  Excitatior  is 
obtained  from  the  constant  potential  generator  of  the 
exciter  set.    A  liquid  slip  regulator  in  the  secondary  of 


tne  motor  e(|ualizes  the  ininit.  W  hen  the  load  reaches 
a  certain  \alue,  the  regulator  introduces  resist- 
ance in  the  secondary  which  causes  the  motor  to  tend 
to  drop  in  speed,  thus  allowing  the  flywheel  to  give  up 
some  of  its  energy,  and  absorb  the  sharp  peaks.     When 


FIG.    10 — 2500    HP    ALTERN.\TING-CURRENT    MOTOR    DRIVING    3-HIGH 
FINISHING    STAND    OF    84-INCH    MILL 

The  two  750  kw  synchronous  motor-gcnerator  sets  and  the 
flywheel   motor-generator   set   appear  in   the   background. 

the  load  goes  off,  the  regulator  gradually  decreases  the 
resistance  and  the  flywheel  is  brought  back  to  full  speed. 

The  three-high  finishing  stand  of  the  84  inch  mill 
is  driven  by  a  2500  horse-power,  2200  volt  induction 
motor  tlirough  single  reduction  gearing  in  the  pinion 
housing.  A  heavy  flywheel  is  mounted  between  the 
motor  and  pinion  housing.  A  liquid  slip  regulato"-  is 
used  which  equalizes  the  input  to  the  motor  and  allows 
the  flywheel  to  absorb  the  peaks. 

The  use  of  the  roughing  stand  reversing,  and  the 
finishing  stand  three-high  continuous  running  in  tim- 
dem  is  a  very  desirable  combination.  In  case  of  a 
breakdown  in  the  finishing  mill,  the  total  reduction  may 
be  made  on  the  roughing  mill,  thus  keeping  the  plant 
from  having  to  shut  down  completely.  The  two-high 
mill  driven  by  a  reversing  motor  is  inherently  adapted 
to    the    first    roughing    passes.       The    reductions    are 


FIG.    II — CONTROL  DESKS 

The  desk  at  the  left  controls  the  high-tension  switches 
in  the  outdoor  substation.  The  oil  circuit  breakers  shown  in 
Fig.  4  are  operated  from  the  desk  at  the  right. 

heavy  and  the  slab  is  narrow  and  requires  careful 
manipulation  in  order  to  insure  its  going  through  the 
mill  straight.  The  ease  and  rapidity  with  which  the 
reversing  motor  can  be  started,  stopped  or  reversed, 
makes  the  manipulation  of  the  slab  rapid  and  safe,  rnd 
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very  materially  reduces  the  interval  between  passes, 
thus  reducing  the  total  rolling  time.  The  reversing  mo- 
tor can  be  operated  over  a  wide  speed  range,  and  each 
pass  can  be  made  at  the  speed  best  suited  for  it;  thus 
reducing  the  duration  of  the  passes  to   a  minimum. 
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FIG.    12 — 5000    HP    MOTOR    DRIVING    I3J    INCH,    3-HIGH    MILL 

The  liquid  slip  regulator  is  shown  in  the  background. 
During  the  finishing  passes,  the  plate  is  long  enough  to 
require  little  or  no  manipulation  and  can  be  rolled  at 
a  higher  speed.     For  this  kind  of  operation,  the  tliree- 
high  continuous  running  mill  is  particularly  adapted. 

Power  for  operating  the  auxiliary  motors  of  the 
plant  is  supplied  from  two  750  kw,  250  volt  direct-cur- 
rent, 2200  volt  alternating-current  synchronous  motor- 
generator  sets.  The  synchronous  motors  each  have  a 
capacity  of  1050  k.v.a.  at  80  percent  power-factor,  and 
are  run  over-excited  to  give  power-factor  correction. 
The  panels  carrying  the  circuit  breakers  and  integrat- 
ing meters  for  the  various  direct-current  feeders  are  in 
the  basement.  The  circuit  breakers  are  operated  from 
the  control  desk  and  recording  dials  on  the  rear  panel 
of  the  desk  show  the  reading  of  the  integrating  meters, 
making  it  unnecessary  for  the  operators  to  visit  the 
basement  to  take  readings. 
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KIG.    13 — OXF.   OF   THK    SF.VKN    AUXILIARY    CONTROL    HOUSES 

Showing  two  rows  of  Westinghousc  panels  mounted  back 
to  back  with  resistors  on  racks  above.  The  230  volt  bus  ex- 
tends behind  all  the  panels. 

There  are  two  control  desks,  as  indicated  by  Fig. 
II,  one  of  which  belongs  to  the  Brier  Hill  Steel  Com- 
pany and  the  other  to  the  Republic  Railway  &  Light 


Company.  The  latter  desk  has  on  its  front  side  the 
control  switches  for  operating  the  oil  circuit  breakers 
in  the  outdoor  substation  and  the  necessary  indicating 
meters.  On  the  rear  panel  are  located  the  graphic  and 
integrating  meters.  The  other  desk  controls  all  the 
alternating-current  and  direct-current  circuits  of  the 
plant.  The  front  side  carries  the  various  indicating 
meters  and  on  the  rear  panel  are  mounted  the  graphic 
and  integrating  meters  and  the  over-load  and  no-voltage 
relays.  Energy  for  operating  the  circuit  breakers  and 
pilot  lights  is  normally  supplied  from  a  small  motor- 
generator  set,  having  a  125  volt  generator  driven  by  a 
250  volt  direct-current  motor.  A  60  cell  storage  bat- 
tery which  is  charged  from  the  250  volt  circuit  through 
resistance  is  used  for  the  control  circuits  in  emergencies. 
In  the  motor  room  of  the  132  inch  mill  are  located 
the  5000  horse-power  motor  driving  the  three-high  mill, 
two  electrically-driven  air  compressors,  three  motor- 
driven  high-pressure  hydraulic  pumps,  and  the  neces- 
sary control  apparatus.  The  oil  switches  are  in  the 
basement.  The  5000  hp  motor  shown  in  Fig.  12  has 
the   same  general   characteristics   and  construction  as 


'^M  :r?PilN^'^ 

FIG.    14 — ELECTRICALLY    DRIVEN    ROTARY    PLATE    SHEAR 

the  one  driving  the  finishing  stand  of  the  84  inch  mill. 
Its  speed  is  197  r.p.m.,  and  it  drives  the  mill  tlirough 
reduction  gears  in  the  pinion  housing.  A  flywheel  and 
liquid  slip  regulator  equalize  the  peaks  on  the  motor. 

The  various  auxiliaries  of  the  plant,  such  as 
cranes,  roll  tables,  lift  tables,  conveyors,  screw-downs 
and  slab  pushers  are  driven  by  standard  230  volt  di- 
rect-current enclosed  mill  type  motors.  The  automatic 
magnetic  controllers  for  these  motors  are  grouped  in 
five  lean-to  houses  and  two  control  cellars.  This  ar- 
rangement affords  excellent  protection  from  dust  and 
mechanical  injury,  and  still  makes  the  control  ac- 
cessible for  adjustments  and  renewals.  Fig.  13  shows 
the  arrangement  of  the  control  panels,  the  resistors  and 
the  common  230  volt  bus  supplying  the  various  motors 
controlled  by  these  panels  in  one  of  the  lean-to  houses. 

Among  the  more  interesting  auxiliary  motor  appli- 
cations of  the  plant  are  the  rotary  trimming  shears.  Fig. 
14.  The  84  inch  mill  has  two  of  these  shears  and  there 
is  one  for  the  132  inch  mill,  as  indicated  by  the  mill 
layout  in  Fig.  i.  Both  sides  of  the  plate  are  trimmed 
at  once.  Two  motors  are  used,  one  for  driving  the 
cutters  and  one  for  adjusting  the  cutters  for  various 
widths  of  plate. 
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TllM  high  standard  of  continuous  service  which 
central  stations  aim  for  and  the  use  of  the 
modern  high  capacity  generating  units  make  it 
necessary  to  pay  strict  attention  to  the  maintenance  and 
operating  conditions  of  the  generating  equipment. 
The  cost  of  repairs  on  large  generators  on  a  perccnt- 
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FIG.    I — TEMPERATURE    RISE    ACROSS    THE   CORE  OF  .\N  AXIALLY-VENTILATED   MACHINE 

age  basis  may  be  no  larger  than  on  smaller  units,  yet 
repairs  take  longer  and  are  harder  to  make,  and  further- 
more the  shut-down  of  one  of  these  large  units  is  felt 
more  seriously,  since  each  unit  is  a  large  percentage  of 
the  station  output. 

As  an  aid  in  keeping  in  close  touch  with  the  operat- 
ing conditions  of  these  large  generators,  temperature 
detectors  have  been  developed  which  give 
a  means  of  determining  more  closely 
what  the  operating  temperatures  are 
than  is  possible  with  thermometers  en 
the  end  windings. 

Considerable  study  and  research 
work  was  necessary  in  order  to  know 
just  where  these  detectors  should  be  lo- 
cated in  the  generator,  in  order  to  read 
the  highest  temperature  it  was  possible 
to  measure.  The  heat  distribution  in 
one  of  the  larger  generators  is  a  complex 
problem,  but  in  general  the  buried  por- 
tion of  the  coil  is  hotter  than  the  ends, 
because  this  part  of  the  coil  is  sur- 
rounded by  iron  which  is  hotter  than  the 
cooling  air  which  blows  over  the  ends. 
In  most  types  of  ventilation,  exceptmg 
those  which  admit  air  at  the  center  of 
the  machine,  the  buried  copper  midway  between  the 
ends  will  be  the  hottest,  for  the  reason  that  the  temper- 
ature of  the  cooling  air  which  reaches  the  center  of  the 
machine  is  already  raised  by  the  heat  picked  up  due  to 


friction,  windage,  and  iron  losses.  Consequently,  the 
copper  temperature  is  increased  a  corresponding 
amount  if  the  coil  is  to  get  rid  of  its  heat.  Fig.  i  il- 
lustrates in  a  general  way  the  temperature  gradient  in 
an  axially  ventilated  machine  and  Fig.  2  that  in  a 
radially  ventilated  machine.  It  has  been  found,  as  the 
result  of  a  large  number  of  tests,  that  if 
one  of  these  detectors  is  placed  in  the 
center  of  the  generator  between  the  top 
and  bottom  coils,  as  shown  in  Fig.  3,  the 
temperature  observed  will  be  the  maxi- 
mum which  it  is  possible  to  measure 
safely.  Laboratory  tests  have  been 
made  with  the  detector  against  the  bar 
copper,  but  this  cannot  be  recommended 
for  practical  testing  because,  even 
though  placed  on  the  neutral  coils,  it 
might  be  possible  to  have  a  dangerous 
voltage  to  ground  due  to  line  disturb- 
ances. Variations  in  design  aflfect  the 
exact  location  of  the  hot  spot  and  it  must 
be  left  to  the  judgment  of  the  manufac- 
turer, who  is  constantly  obtaining  data 
on  temperatures,  as  to  just  where  the  detector  should 
be  placed. 

The  detectors  should  be  rugged  and  easily  placed 
in  the  machine  without  possibility  of  injury.  They 
should  be  insulated  to  stand  any  temperature  with 
which  they  are  likely  to  come  in  contact,  to  prevent 
their  becoming  worthless  after  a  time,  due  to  short- 


100 

k  75 

1 

,^ 

^ 

^ 

\ 

s^ 

1 

Spa 

cing 

Windings 


RADIALLY    VENTILATED    MACHINE 

Fig.  4  is  a  view  of  a  pair 
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TEMPERATURE  RISES   ACROSS  THE  CORE   OF 

circuits  within  themselves, 
of  these  detectors. 

There  are  two  general  methods  of  measuring  tem- 
peratures by  detectors  known  as  the  exploring  coil 
method  and  the  thermo-couple  method. 
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EXPLORING    COILS 

The  simplest  exploring  coil  method  is  one  which 
employs  the  Wheatsone  bridge  arrangement  in  which 
the  fourth  arm  of  the  bridge  consists  of  a  resistance 
coil  embedded  in  the  armature  winding.  This  coil  is 
wound  on  a  strip  of  mica  using  a  large  number  of  turns 
of  small  wire.     The  finished  coil  is  about  five  inches 

,  40°  C.  ^__£^reap 
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FIG.    3 — THE    PROPER    LOCATION    OF    THE    DETECTOR    IN    THE 
ARMATURE    SLOT 

long  and  one-sixteenth  inch  thick  and  has  a  resistance 
of  approximately  30  ohms.  This  resistance  must  be 
kept  high  so  that  the  resistance  of  the  leads  will  be  small 
in  comparison. 

The  other  three  resistances  completing  the  bridge 
are  located  at  the  switchboard.  The  value  of  these 
three  resistances  is  such  that  when  the  temperature  of 
the  exploring  coil  has  reached  some  predetermined 
value  the  bridge  is  in  balance  and  there  is  no  difference 
in  voltage  between  points  3  and  4,  Fig.  5.  At  any  other 
temperature  there  is  a  difference  in  voltage  between 
these  two  points,  but  within  the  range  of  temperatures 
obtained  the  error  from  this  cause  is  slight.  A  stand- 
ard type  of  voltmeter  is  used  with  a  scale  laid  off  in  de- 
grees. Any  constant  source  of  direct-current  current 
is  sufficient  and  if  this  is  above  20  volts  a  series  re- 
sistance is  furnished.  The  value  of  the  resistance  is 
generally    such    that    when    the    exploring    coil    is    at 
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on  account  of  the  number  of  turns  of  small  wire,  but 
also  on  account  of  the  amount  of  testing  and  adjust- 
ment required  to  secure  the  proper  resistance.  They 
are  also  subject  '  to  short-circuits  and  open  circuits 
when  they  are  placed  in  the  machine. 

The  complete  equipment  necessary  for  use  with  ex- 
ploring coils  will  consist  of : — 

I — The   exploring   coils,    usually   six   per   generator. 
2 — A  terminal  board  on  the  generator  frame,  usually 
located    near    the    main    leads    for   con- 
•  ■  vemence,    and    to   which    the    individual 

roils  are  connected. 

.S — A  multi-conductor  cable  used  for 
connecting  the  individual  coils  to  the 
instrument.  (It  is  customary  to  con- 
nect one  side  of  all  the  coils  to  a  com- 
mon lead  so  that  if  six  coils  were  used 
a  7-conductor  cable  would  be  necessary. 
One  side  of  the  circuit  is  preferably 
grounded  for  protection  of  the  operator 
and  to  eliminate  all  possibility  of  any 
static  affecting  .  the  accuracy  of  the 
meter.) 

4 — A  dial  switch  located  near  the  in- 
strument  and   used   to   connect   the   coil 
FIG.    5_"wh7atstone  ;^'V?:^'"<^h    the    measurement    is    desired 

t_.„5„    ,,„„, „„     to  the  meter. 

S — A  suitable  meter,  usually  ar- 
ranged for  switchboard  mounting,  to- 
gether with  the  resistance  box  contain- 
ing the  three  permanent  resistances  referred  to  in  the  pre- 
ceding paragraphs,  and  when  the  source  of  suppl}'  exceeds 
20  volts  an  additional  resistance  of  suitable  value  to  cut 
down  the  voltage  from  the  source  of  supply  to  less  than 
the  predetermined  figure   of  20  volts   maximum. 

In  using  this  equipment  it  is  not  good  practice  to 
leave  any  one  exploring  coil  permanently  connected  in 
the  circuit  since  the  effect  is  to  heat  the  exploring  coil, 
with  a  possibility  of  burning  it  out  in  time. 

Another  exploring  coil  method  used  as  standard 
by  another  manufacturer  is  outlined  in  Fig.  6,  and  is  a 
balanced  resistance  method.  The  detector  is  a  coil 
wound  with  copper  wire,  which  has  a  resistance  of  ap- 
proximately 10  ohms  and  is  approximately  10  inches 
long.  Three  leads  are  run  from  each  detector  to  the 
switchboard.  The  resistance  i?,  and  the  resistance  of 
the  temperature  coil  are  alike  at  some  given  temper- 
ature, say  80  degrees  C.  The  resistance  R-^  has  a  zero 
coefficient  (i.  e.  its  resistance  does  not  vary  for  changes 
in  temperature).  The  temperature  coil  has  a  positive 
coefficient  (its  resistance  increases  with  temperature). 
The  two  coils  in  the  instrument  Cy  and  C^  are  wound 
differentially.  An  external  source  of  current  supply  is 
required  and  is  usually  125  or  250  volts.     The  adjust- 


rlG.   4 — TWO    LENGTHS    OF   THERMOCOUPLES 

90  degrees  C.  the  instrument  is  at  zero  deflection 
and  this  point  is  marked  90  degrees  C.  Care  must  be 
taken  that  the  impressed  voltage  is  held  at  the  value  for 
which  the  series  resistance  was  furnished,  otherwise  the 
indications  will  be  in  error  on  readings  other  than  90 
degrees  C. 

The  exploring  coils  are  expensive  to  make,  not  only 


FIG.   6 — RAI.ANCF.n    RESISTANCE    METHQD    OF    TEMPERATURE 
MEASUREMENT 

able  resistance  R^  is  used  to  modify  the  current  when 
the  voltage  varies  from  normal. 

When  the  resistance  of  the  temperature  coil  and 
the  resistance  i?,  are  alike,  the  current  is  equal  in  coils 
C,  and  C„  and  the  instrument  is  not  deflected.  As  the 
temperature  of  the  machine  increa.ses,  the  resistance  of 
the  temperature  coil  increa.ses,  and  the  current  of  tliis 
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arm  in  series  with  coil  C,  becomes  less  than  the  current 
through  Co,  and  the  coil  is  deflected. 

The  principle  of  operation  is  quite  different  for 
these  two  exploring  coil  methods,  and  while  they  both 
make  use  of  a  resistance  coil,  the  instrument  of  one 
cannot  be  used  with  the  temperature  detectors  of  the 
other. 

THERMOCOUPLES 

The  thermocouple  method  depends  on  the  fact  that 
a  diiiference  of  electrical  potential  exists  at  every  junc- 
tion between  dissimilar  metals.  In  a  closed  circuit 
made  up  of  two  dissimilar  metals  there  must  obviously 
be  two  junctions.  If  these  two  junctions  are  at  the 
same  temperature  the  two  e.m.f.'s  will  be  equal  and 
opposite  and  no  current  will  flow  in  the  circuit.  If, 
however,  one  junction  is  maintained  at  a  different  tem- 
perature from  the  other  there  will  be  a  difference  in 
the  e.m.f.  that  throughout  the  range  of  temperature  en- 
countered in  electrical  machinery  will  be  proportional 
to  the  temperature  difference.     The  method,  therefore. 


FIG.    7— SWITC 


in  its  simplest  form  requires  a  hot  and  a  cold  couple 
and  a  device  for  measuring  the  difiference  in  electro- 
motive force  between  the  two  couples. 

The  couples  are  made  by  welding  copper  and  ad- 
vance (nickel-copper)  alloy  ribbons  together.  These 
ribbons  are  ordinarily  0.005  inches  thick,  0.25  inch 
wide  and  of  any  desired  length.  The  couple  is  insu- 
ated  with  mica  and  micarta  paper  to  withstand  a  tem- 
perature of  at  least  150  degrees  C.  and  substantial 
leads  are  brought  out  to  the  edge  of  the  slot,  and  frtm 
the  edge  to  the  terminal  board.  The  cold  couple  is 
located  at  the  end  of  the  advance  wire  leads  and  inside 
the  measuring  instrument. 

With  a  diiiference  of  one  degree  C.  between  (the 
temperatures  of  the  hot  and  the  cold  couples,  the  dif- 
ference in  e.m.f.  is  approximately  40  micro-volts.  This 
small  voltage  would  force  through  the  circuit  only  a 
very  small  current  so  that  the  measuring  instrument 
must  be  somewhat  different  from  the  ordinary  indicat- 


ing meter  type  if  a  rugged,  reliable  device  is  to  be  ob- 
tained. 

In  Figs.  7  and  8  are  shown  two  views  of  the  in- 
strument used,  one  as  it  is  arranged  for  switchboard 
mounting  and  the  other  showing  it  mounted  on  the  gen- 
erator panel.  It  will  be  noted  that  it  is  arranged  for 
mounting  in  a  horizontal  plane. 

Mounted  in  this  instrument  case  are  the  following 
parts : — 

I — The  cold  couple. 

2 — In  contact  with  the  cold  couple  a  small  bulb  type 
mercury  thermometer  by  which  the  temperature  of  the 
cold  couple  is  observed. 

3— A  dry 
cell  supply- 
ing current 
through  a  re- 
sistance wire 
on  which  lire 
two  sliding 
contacts. 

4 — A  g  r  a  d  u  a  te  d 
scale  and  two  pointers 
which  move  with  the 
contacts  and  which  in- 
dicate the  position  of 
the  two  contacts. 

5 — A  deflection 
needle  of  the  galvano- 
meter type. 

6 — A  rheostat  used 
for  adjusting  the  cijr- 
rent  in  the  battery  cir- 
cuit to  the  proper  value. 
The  scheme  of  connec- 
tions  is   shown   in   Fig. 


When  the  couple 
button  is  closed  the  gal- 
vanometer needle  will  in- 
dicate a  deflection  unless 
the  e.m.f.  between  the 
contacts  is  equal  to  the 
couple  e.m.f.  The  de- 
flection of  the  galvano- 
meter needle  will  be  in 
one  or  the  other  direction 
depending  o  n  whether 
the  thermocouple  e.m.f. 
is  higher  or  lower.  By 
changing  the  distance 
between  contacts,  using 
the  galvanometer  as  a 
guide,  the  position  in 
which  the  slide  e.m.f. 
balances  the  thermo- 
couple e.m.f.  is  easily  lo- 
cated.     In  practice,  the 

lower  pointer  is  set  at  the  position  on  the  scale  cot  re- 
sponding to  the  temperature  of  the  cold  couple  and  the 
upper  pointer  is  moved  until  a  balance  is  obtained  as 
described.  The  actual  temperature  of  the  hot  couple 
can  then  be  read  directly  on  the  scale. 

The  temperature  measured  by  the  potentionieier 
is  the  difiference  in  temperature  between  the  hot  couple 
and  the  cold  couple.  The  indication  on  the  slide  wire 
scale,  however,  is  the  total  temperature  of  the  hot  coil, 


FIG.     6 — SWITCHBOARD     PANEL 
WITH    POTENTIOMETER 
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since  the  setting  of  the  lower  pointer  on  the  scale  at 
the  temperature  of  the  cold  couple  mechanically  adds 
this  temperature  to  the  potentiometer  or  indicator 
measurement. 


Cold  Couple 
Advance  Alloy  Lead  to  be  connected  to  this  binding  post. 

FIG.    9 — DIAGRAM    OF   CONNECTIONS 

Equipment  Needed — A  general  scheme  of  connec- 
tion is  shown  in  Fig.  9.  The  entire  equipment  required 
for  use  will  consist  of  the  following: — 

I — Thermocouples  located  in  the  machine,  usually  six 
to  a  machine. 

2 — A  terminal  board  mounted  on  the  machine  near  the 
main  terminals   for  convenience. 

,  Couples. 


Terminal  Board 
Generator 


Dial 
Switch 


Copper  Wire 


FIG.    10 — CONNECTIONS    USED    WITH     THERMOCOUPLES 

3 — A  multi-conductor  cable  is  used  to  connect  the  in- 
<1ividual  couples  to  the  instrument.  (In  ordinary  practice, 
individual  copper  wire  leads  arc  used  to  connect  each  in- 
dividual couple  to  the  instrument  and  a  common  advance 
alloy  lead  connects  all  the  couples  to  the  instrument.  This 
side  of  the  circuit  is  usually  grounded  in  order  that  no 


voltage  may  be  carried  to  the  switchboard  by  failure  of 
the  armature  coil  insulation  to  the  couple  which  would 
allow  generator  potential  on  the  circuit.  Also  in  order 
that  any  static  disturbance  may  not  affect  the  accuracy  of 
the  instrument.) 

4 — A  dial  switch,  usually  located  on  the  switchboard 
near  the  indicator,  used  for  switching  each  individual 
couple  on  which  measurement  is  desired  to  the  indicator. 

5 — The   temperature   indicator  or  potentiometer. 

Deterioration  of  the  couple  is  likely  to  take  place 
if  it  is  left  in  the  circuit  continuously  and  the  couple 
button  on  the  instrument  is  used  for  closing  the  circuit 
only  when  a  reading  is  desired. 

The  dial  switches  from  a  number  of  machines  may 
be  interconnected  and  this  makes  it  possible  to  read  the 
temperatures  froin  a  number  of  machines  at  one  point 
and  with  one  instrutnent.  This  arrangement  is  shown 
in  Fig.  II. 

Either  the  exploring  coil  or  thermocouple  meihod, 
when  properly  installed,  will  give  a  satisfactory  means 
of  following  the  temperature  conditions  in  large  gener- 
ators. The  thermocouple  method  should  give  nearer 
the  maximum  measurable  temperature,  as  it  indicates 


Couples 
FIG.    II — DIAGRAMS    OF    CONNECTIONS    FOR    DIAL    SWITCHES 

It  is  possible  to  read  the  temperature  from  a  number  of 
machines  at  one  point. 

the  temperature  at  a  spot  while  fhe  exploring  coil  gives 
the  average  temperature  over  its  length.  There  is  an 
advantage  also  in  the  thermocouple  method  in  that  it  is 
self-contained  and  requires  no  external  source  of  volt- 
age and  is  fully  as  easy  to  operate  as  either  of  the  ex- 
ploring coil  devices.  The  thermocouple  device  is  a 
zero  reading  method ;  consequently  the  resistance  of  tlie 
leads  does  not  affect  the  calibration.  The  fact  that  it 
does  not  employ  an  indicating  instrument  cannot  be  con- 
sidered a  handicap,  as  usually  it  is  desired  to  read  all 
the  detectors,  and  this  requires  a  certain  amount  of 
manipulation  with  either  method. 


imipiri)vod  iiklmtrial  Lix^liciiif^ 


Wm.  T.  Reace 

Illuminating  Engineer, 

Commonwealth  Edison  Co. 


DURING  the  late  wartime  period  through  which 
our  country  has  so  successfully  passed,  pro- 
duction became  the  cry  of  the  hour,  from  the 
highest  official  of  the  nation  down  to  the  patriotic  ma- 
chinist in  the  shop.  Improvement  and  modification  of 
machinery,  installation  of  more  efficient  shop  practice, 
higher  wages,  these  all  were  marshalled  forth  in  the 
demand  for  an  increased  rate  of  production.  Twenty- 
four  hour  day  running  tiine  became  common  in  a  large 
number  of  the  industrial  institutions  from  coast  to 
■coast.  This  sudden  pressure  on  these  industrial  estab- 
lishments caused  improvements  in  every  line  of  their 
•equipment  and  brought  to  the  attention  of  many  super- 
intendents and  owners  that  too  little  appreciated  pro- 
duction assisting  associate,  artificial  lighting.  For 
years,  it  is  true,  artificial  light  has  been  used  in  factories 
and  industrial  establishments,  but  its  value  was  not  .•^.p- 
preciated  or  even  tested  except  in  isolated  cases.  Now 
as  a  result  of  the  sudden  pressure  caused  by  wartime 
emergencies,  efficient  lighting  of  all  industrial  plants  is 
beginning  to  receive  the  fair  consideration  so  long  lack- 
ing but  so  rightly  due. 

The  condition  which  seems  to  exist  in  the  majority 
of  present  installations  is  that  of  spot  lighting,  thought 
to  be  economical  because  of  the  small  wattage  lamps 
used.  This  fantastic  economy  soon  fades  when  pro- 
duction and  various  other  shop  costs  are  studied.  There 
is  a  bigger  problem  than  just  the  lighting  of  the  spot 
where  the  tool  is  working.  What  of  all  those  other 
places  such  as  the  aisle  ways,  dark  comers,  material 
piles  etc.  We  find  that  the  proper  lighting  of  these 
plays  a  large  part  in  the  daily  work  of  the  shop  which 
eventually  shows  on  the  profit  or  the  loss  sheet  in  the 
ledger.  Although  there  are  classes  of  machine  work 
that  need  an  individual  movable  light,  the  great  major- 
ity of  the  plants  may  be  lighted  efficiently  and  satisfac- 
torily by  means  of  a  properly  designed  overhead  light- 
ing system.  The  use  of  large  lamps  placed  in  large  re- 
flectors is  desirable  in  order  to  provide  a  greater  area 
for  the  secondary  source  of  light.  With  such  large 
units  placed  reasonably  close  together  an  average  in- 
tensity over  the  entire  shop  of  8  to  i6  foot-candles  may 
be  obtained,  and  from  this  we  approximate  daylight  in  a 
small  way,  for  the  same  average  intensity  prevails  on 
the  aisleways  as  at  the  machine,  tool,  or  work  bench. 

The  installation   of   this   high    intensity   over-head 
lighting   shows   immediate    results    in   the    four   major 
branches  of  shop  practice: — 
I — Increased  production. 
2 — Decreased  spoilage. 
3 — Decreased  number  of  accidents. 
4 — Improved  supervision. 

Increased  production  alone,  that  is,  greater  unit 
•quantity  per  day,  is  certainly  a  strong  argument,  but 


when  in  addition  this  increase  is  accomplished  without 
increase  in  labor  cost,  the  real  value  and  importance  of 
artificial  lighting  begins  to  be  felt.  Through  a  long 
period  of  fixed  habit  has  come  the  idea  that  productive 
work  is  accomplished  only  under  daylight  conditions, 
but  now  with  the  advent  of  really  effective  artificial  il- 
lumination we  find  that  this  idea  is  unfounded.  The 
cost  of  artificial  illumination  is  small  in  comparison  with 
labor,  and  the  saving  of  one  half  to  three-quarters  ol  a 
minute  each  hour  will  more  than  offset  this  cost. 

The  spoilage  pile  is  the  undesirable  feature  of 
many  plants  and  its  reduction  will  show  immediate  re- 
sults in  increased  profits.  A  great  deal  of  this  spoilage 
is  due  to  mistakes  by  workmen,  many  of  which  ma/  be 
traced  directly  to  poor  lighting.     And  it  must  be  re- 
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FIG.    T — COMPARATIVE    LIGHTING    CONPITIONS 

Before  and  after  installing  an  etRcient  lighting  system. 

membered  that  spoilage  is  not  the  loss  of  one  man's  time 
for  some  few  seconds  or  minutes,  but  often  nullifies 
literally  hours  of  work  by  previous  operations  on  the 
product.  One  spoiled  casting  or  article  may  represent 
many  hours  loss  in  shop  time. 

It  is  a  widely  known  fact  that  the  peak  period  of 
industrial  accidents  throughout  the  year  occurs  during 
the  calendar  months  when  there  is  the  greatest  use  of 
artificial  light.  This  leads  to  the  conclusion  that  artifi- 
cial lighting  is  inferior  to  daylight.  But  we  can  lower 
this  peak  by  using  lighting  systems  that  inore  nearly  ap- 
proach daytime  conditions.  To  do  this  it  is  necessary 
to  provide  an  overhead  system  of  high  intensity.  The 
resultant  elimination  of  bright  and  dark  spots  will  to  a 
large   extent,   effect   the  elimination   of   the   causes   of 
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many  accidents.  The  reduction  of  accidents  means  an 
increase  of  shop  efficiency  and  a  decrease  of  financial 
liability. 

The  problem  of  supervision  is  important  and  is  one 
which  can  be  simplified  to  a  large  degree  by  proper  arti- 
ficial lighting.  When  the  shop  is  flooded  with  an  even 
light  of  high  intensity  the  foreman  or  superintendent  is 
enabled  to  see  his  men  from  any  part  of  the  shop.  Then 
jgain  these  cheerful  conditions  caused  by  good  lighting 
will  re-act  on  the  workmen,  causing  a  greater  degree 
of  efficiency  and  automatically  eliminating  slackness 
and  inefficiency. 


Another  very  important  issue  is  that  of  mainten- 
ance. With  individual  lights,  which  are  usually  hung- 
low,  the  workmen  can  reach  them  easily,  can  change 
lamps  at  will,  they  are  easily  struck  and  the  general  re- 
sult is  that,  even  a  few  weeks  after  a  new  installation 
is  made,  it  will  be  found  to  be  in  deplorable  condition. 
This  condition  is  automatically  eliminated  when  the 
lamps  are  of  high  intensity  and  are  hung  high.  There 
will  then  be  a  smaller  number  of  lamps  and  a  regular 
schedule  of  maintenance  can  be  enforced.  Proper 
lighting  with  large  lamps  overhead  is  to  be  highly 
recommended,  but  the  value  and  necessity  of  regular 
maintenance  must  not  be  overlooked. 


Albert  Brann,  Ph.D.  and  .\.  M.  Hageman,  Ph.D. 

Engineering  Department, 

Westinghouse  Lamp  Company 

This  paper  does  not  pretend  to  cover  all  the  detailed  work  that  involves  chemistry  in  the  lamp  in- 
dustry. Rather,  it  is  a  short  outline  on  some  of  the  problems  which  enter  into  lamp  manufacture,  and 
is  meant  to  serve  the  purpose  of  pointing  out  the  relation  of  the  chemist  and  of  chemical  principles  to 
an  industry  that  might  appear  to  have  few  things  in  common  with  chemistry. 


NECESSARY  as  it  is  that  we  have  electricity  to 
operate  the  modern  incandescent  lamp,  just  as 
necessary  is  it  that  we  utilize  our  knowledge  of 
chemistry  in  the  manufacture  of  that  lamp.  The 
finished  product  is  an  article  which,  to  look  at  it  in  a 
superficial  way,  suggests  the  handiwork  of  a  thoroughly 
trained  mechanic  only.  However,  although  the  me- 
chanical construction,  in  whatever  form  it  takes,  is  a 
point  of  vital  importance,  yet  the  lamp,  from  a  useful 
life  standpoint,  would  be  a  failure  if  it  were  not  for  the 
chemistry  which  has  been  applied  in  one  way  or  an- 
other in  its  manufacture.  This  is  chiefly  due  to  the 
fact  that  it  is  a  product  whose  manufacture  requires 
exceedingly  careful  scientific  chemical  control.  Very 
exacting  conditions  are  required  inside  the  lamp  in 
order  that  it  may  perform  its  functions  properly  and 
for  a  reasonable  length  of  time.  To  create  and  main- 
tain these  conditions  is  largely  the  work  of  the  chemist. 

THE    FILAMENT 

Probably  the  most  important  part  of  a  lamp  is  the 
filament  itself,  since  it  is  the  actual  source  of  light  and 
when  it  fails  the  lamp  is  no  longer  useful.  Except  in 
certain  cases  where  a  very  rugged  lamp  is  required  and 
where  the  old  carbon  still  is  used  on  this  account,  tung- 
sten has  become  the  universal  filament  material.  There 
are  two  reasons  for  this.  It  has  replaced  the  old  fami- 
liar carbon  and  metallized  carbon  lamp,  because  it 
gives  a  very  much  higher  candle-power  for  the  same 
wattage  and  because  it  has  the  highest  melting  point  of 
all  the  metals,  a  relatively  high  resistance  and  a  low 
vapor  pressure  near  its  melting  point.  Owing  to  its 
high  melting  point,  the  process  of  obtaining  the  drawn 
filament,  which  in  many  of  the  smaller  types  of  lamps 


is  considerably  finer  than  the  human  hair,  involves  diffi- 
cult mechanical  and  chemical  treatment. 

SOURCE    OF    TUNGSTEN 

The  ores  from  which  the  greater  part  of  the 
metallic  tunsgten  is  obtained  are  the  minerals  Wolf- 
ramite and  Scheelite.  The  former  is  essentially  a 
tungstate  of  iron  and  manganese,  while  the  latter  iu  a 
timgstate  of  calcium.  In  either  case,  after  the  ore  has 
been  concentrated,  it  is  finely  ground,  mixed  with 
sodium  carbonate  and  heated  to  a  state  of  fusion.  This 
converts  the  tungsten  into  soluble  sodium  tungstale, 
which  is  later  leached  out  of  the  fusion  with  water, 
leaving  a  large  part  of  the  impurities  .behind  in  an  in- 
soluble form.  After  filtering,  the  solution  of  sodium 
tungstate  is  decomposed  with  acid,  which  separates  the 
tungsten  as  a  yellow  fluffy  powder,  known  as  tungstic 
acid.  It  is  in  this  form  that  tungsten  finds  its  way  into 
the  lamp  industry. 

PURIFICATION    OF   THE   OXIDE 

If  crude  tungstic  oxide,  as  it  is  received,  were  re- 
duced directly  an  impure  metal  would  be  obtained 
which  could,  under  no  circumstances,  be  drawn  into^ 
wire.  It  must  consequently  be  subjected  to  a  rather 
elaborate  chemical  purification  to  eliminate  the  impuri- 
ties. At  all  stages  of  this  purification  process,  chemi- 
cal analyses  must  be  made  to  determine  what  impuri- 
ties and  to  what  extent  these  impurities  are  present. 
The  crude  tungstic  oxide  is  first  dissolved  in  a  strong 
solution  of  ammonia  and  the  resulting  solution  filtered 
away  from  such  impurities  as  silica,  iron  and  alumina. 
The  clear  filtrate  is  then  evaporated  down  and  pure 
white  crystals  of  an  ammonium  tungstate  obtained. 
These  are  carefully  separated  from  the  mother  liquor. 
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■dried  and  lieated  in  a  furnace  to  a  high  enough  tem- 
perature to  drive  out  the  ammonia.  This  leaves  a 
greenish  yellow  residue  which  is  tungstic  oxide,  and 
should  contain  but  very  few  impurities.  At  this  pcint, 
a  chemical  analysis  is  always  made  to  determine 
whether  sufficient  of  the  impurities  have  been  removed. 
The  next  process  consists  in  reducing  this  purified 
oxide  to  the  pure  metal.  This  is  usually  accomplished 
by  heating  the  oxide  in  a  current  of  pure  hydrogen  to 
1000  degrees  C.  It  may  be  accomplished  by  heating 
the  oxide  with  a  pure  grade  of  carbon.  A  gray  crystal- 
line powder  results,  which  is  pure  metallic  tungsten. 
Again  a  control  chemical  analysis  is  necessary. 

FORMATION  OF  THE  "SLUG" 

A  small  quantity  of  this  metal  is  placed  in  a  strong 
mold  and  subjected  to  an  enormous  pressure  by  means 
■of  a  hydraulic  press.     This  treatment  presses  the  metal 


FIG.    I — PHOTO>nCROGRAPHIC    EQUIPMENT    FOR    MICROSCOPIC    STUDY 
OF    STRUCTURE   OF    MATERIALS 

Westinghouse  Lamp  Company — Bloomfield,   N.   J. 

into  a  fragile  ingot  about  8  inches  long  and  14  i^ich 
square.  This  must  be  handled  very  carefully  and  is 
transferred  from  the  mold  to  a  carbon  slab  upon  which 
it  is  heated  in  a  specially  constructed  hydrogen  furnace. 
This  treatment  sinters  the  particles  together  to  such  an 
extent  that  it  may  be  handled,  although  it  is  still  very 
brittle.  The  ingot  is  now  ready  for  the  treating  pro- 
cess which  consists  in  heating  it  almost  to  its  melting 
point  in  a  non-oxidizing  atmosphere  by  passing  a  very 
large  electric  current  through  it.  This  renders  the  in- 
got hard,  compact  and  lustrous  like  a  metal.  It  is  now 
ready  for  the  swaging  and  drawing  processes,  which 
are  essentially  mechanical. 

CRYSTALLIZATION    IN   THE  FILAMENT 

If  pure  metallic  tungsten  alone  were  used  as  a 
filament  material,  crystals  of  tungsten  would  soon  de- 
velop through  the  length  of  the  wire  when  the  lamp  is 
first  burned.  After  the  development  of  these  crystals, 
any  jar  which  the  filament  might  receive  would  cause 
the  boundary  planes  of  these  crystals  to  slide  upon  one 
another.  As  a  result,  the  cross-section  of  the  wire  at 
the  point  where  this  slipping  had  occurred  would  be  re- 
duced to  such  an  extent  that  e\en  the  normal  current 


would  fuse  the  wire  and  a  burnout  would  result.  To 
overcome  this  tendency,  a  small  amount  of  an  inert 
oxide  is  usually  added  to  the  metal  which  serves  two 
purposes ;  first,  it  tends  to  retard  the  rate  of  crystalliza- 
tion of  the  wire  on  burning  and  second,  it  acts  as  a 
binder  between  the  boundary  planes  of  the  crystals, 
after  crystallization  has  taken  place.  For  this  pur- 
pose, a  solution  of  a  thorium  salt  is  added  to  the  puri- 
fied tungstic  oxide.  When  the  oxide  is  later  heated, 
this  salt  is  converted  to  the  oxide.  Since  this  oxide  is 
not  reduced  by  hydrogen,  it  remains  as  such  in  the 
reduced  tungsten  metal.  The  control  of  the  amount  of 
this  material  is  very  important.  Enough  must  be  pres- 
ent to  perform  its  functions  properly,  while  too  great 
an  amount  results  in  serious  troubles  in  the  drawing 
process.  Consequently,  when  the  fired  or  purified 
oxide  is  subjected  to  analysis,  a  very  careful  determi- 
nation of  the  thorium  oxide  content  must  be  made. 

DRAWING    PROCESS 

Although  the  drawing  of  tungsten  wire  is  essen- 
tially mechanical  in  nature,  chemistry  plays  an  import- 
ant role.  Since  metallic  tungsten  is  only  ductile  when 
heated  to  a  relatively  high  temperature,  most  of  the 
drawing  is  done  at  a  red  heat  or  slightly  higher.  Like 
most  other  wire  drawing  processes,  a  lubricant  is  nec- 
essary. Graphite  is  the  high  temperature  lubricant  that 
is  used.  It  is  applied  to  the  wire  in  a  very  fine  stats  of 
division  by  passing  the  wire  through  a  suspension  of 
graphite  in  water.  It  is  of  considerable  importance 
that  this  suspension  be  of  the  appropriate  consistency 
and  that  it  contain  the  proper  percentage  of  solids  in 
order  that  the  right  amount  of  graphite  adhere  to  the 
wire.  As  a  result,  a  chemical  control  must  be  main- 
tained on  the  wire  lubricant. 

USE  OF  MOLYBDENUM 

Although  molybdenum  has  a  lower  melting  pcint 
than  tungsten  and  consequently  cannot  be  used  as  a 
filament  material,  it  finds  its  place  in  the  lamp  industry. 
In  many  types  of  lamps,  where  tungsten  supports  for 
the  filament  have  been  used,  molybdenum  supports  are 
being  extensively  substituted.  Its  process  of  extrac- 
tion, purification  and  drawing  are  very  similar  to  those 
just  described  for  tungsten.  Certain  impurities  have  a 
very  serious  effect  upon  the  quality  of  molybdenum 
wire.  A  chemical  analysis  is  always  made  of  the  oxide 
and  metal  in  order  that  these  impurities  may  be  kept 
at  a  minimum. 

GETTERS 

From  a  chemical  viewpoint,  probably  one  of  the 
most  fascinating  subjects  is  the  work  of  substances 
called  "getters".  A  "getter"  is  a  substance  put  into 
the  lamp  bulb  in  order  to  give  the  lamp  a  longer  life 
than  it  would  have  if  the  getter  were  not  present. 
The  getter  may  be  either  a  solid  or  gas,  depending  on 
the  type  of  lamp  which  is  to  be  operated.  All  Mazda 
C  lamps  are  gas  filled,  vidiile  the  Mazda  B  type  has  a 
solid  for  a  getter.  As  an  illustration  of  the  benefit  de- 
rived from  the  use  of  getters,  it  may  be  stated  that  the 
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ordinary  40  watt  no  volt  Mazda  B  lamp  without  gefer 
will  give  a  useful  life,  i.e.,  the  time  in  hours  before 
the  lamp  drops  to  80  percent  of  its  initial  candle-power, 
of  approximately  350  hours,  while  the  same  lamp  with 
getter,  will  burn  1000  hours. 

Lamps  with  tungsten  filaments  operate  at  a  high 
temperature.  While  the  lamps  are  burning,  the  eva- 
porated tungsten  metal  lodges  on  the  surface  of  the 
bulb,  thus  gradually  cutting  down  the  candle-power, 
due  to  blackening.  To  offset  the  blackening,  two 
methods  are  in  vogue.  In  the  vacuum  type  of  lamp, 
chemical  substances  are  introduced  which  retard  the 
blackening  of  the  bulb  and  consequently  extend  its  use- 
ful life.  In  the  Mazda  C  or  gas  filled  lamp,  the  pres- 
sure of  the  gas  acts  in  opposition  to  the  vapor  pres- 
sure of  the  hot  filament  and  the  black  deposit  is  formed 
very  slowly  indeed. 

APPLICATION   OF  GETTERS 

The  methods  of  applying  getters  are  various  in 
form  and  often  ingenious.  One  method  is  to  mix  up 
certain  chemicals  into  a  paste,  using  a  suitable  bindmg 
material.  A  very  small  amount  of  this  paste  is  care- 
fully put  on  the  hooks  that  support  the  filament  and 
allowed  to  set.  The  heat  of  the  lamp,  while  burning, 
is  sufficient  to  make  the  getter  active.  Getters 
are  sometimes  applied  to  the  filament  wire  itself. 
In  this  case,  a  very  thin  paste  is  made  and  the  wire 
drawn  through  the  mixture  contained  in  a  specially 
constructed  cup.  On  the  initial  lighting  of  the  lamp, 
the  getter  is  "flashed  oflf",  leaving  the  wire  clean,  while 
the  chemicals  are  distributed  throughout  the  inside  of 
the  bulb,  the  greater  portion  of  it  probably  resting  on 
the  bulb  surface.  The  thin  getter  paste  may  be  sprayed 
on  to  the  wire  and  glass  parts  in  an  appropriate  way, 
or  the  same  parts  may  actually  be  dipped  into  the  getter. 
Depending  on  the  nature  of  the  substances  used.  Otlier 
getters  are  painted  on  to  different  lamp  parts,  while  still 
others  are  placed  in  tiny  glass  tubes  or  vials.  It  may 
be  appropriate  to  state  here  that  the  amount  of  getter 
put  into  the  lamp  by  this  means  is  very  small  indeed, 
the  exact  amount  depending  on  the  type  of  lamp. 

The  part  the  chemist  plays  in  the  application  of 
getters,  not  gases,  is  in  finding  appropriate  binders  with 
which  to  hold  the  active  material  together  till  it  is 
safely  inside  the  lamp.  Most  of  the  plastics  suitable 
for  this  purpose  are  organic  in  nature  and  most  of 
them  have  hydrocarbons  and  water  among  their  pro- 
ducts of  decomposition.  Consequently,  as  far  as  pos- 
sible, these  products  are  removed  during  the  course  of 
manufacture.  To  find  new  and  better  binders  and 
also  new  and  better  active  materials  for  use  as  getlcrs 
are  problems  of  real  importance. 

GLASS 

The  glass  parts  of  a  lamp  present  problems  which 
are  very  intricate  in  nature  and  which  of  all  problems 
in  lamp  manufacture,  are  probably  the  least  control- 
able.  The  physical  properties  of  glass  that  arc  of 
chief  concern  are  softening  point,  coefficient  of  expan- 


sion and  electrical  conduction.  These  properties  are 
dependent  to  a  large  extent  upon  the  chemical  consti- 
tuents of  the  glass  and  consequently  can  be  changed 
at  will  by  the  chemist.  Production  demands  require 
that  easily  workable  glasses  be  utilized  in  the  larger 
share  of  the  work,  in  order  to  obtain  speed  in  output 
and  economy  in  fuel.  Lead-alkali  and  lime-alkali 
glasses  adapt  themselves  well  for  this  purpose.  The 
lead  glasses  are  particularly  desirable  since  they  have  a 
low  softening  point.  They  also  anneal  very  readily 
and  do  not  require  exceptional  care  in  working  and 
sealing  together  the  several  parts  of  the  lamp.  For 
lamps  that  operate  at  low  temperature,  therefore,  these 
glasses  are  well  suited.  However,  for  lamps  of  high 
wattages  in  which  considerable  heat  is  developed,  glass 
with  a  much  higher  softening  point  is  necessary  or 
the  glass  parts  may  soften  and  subsequently  collapse. 
Working  conditions  for  hard  glasses  are  much  more 
limited  than  those  of  soft  glasses,  and  their  use  entails 
great  care. 

Often  it  is  necessary,  although  far  from  desirable,^ 
that  glasses  comparatively  widely  different  in  their 
physical  properties  and  chemical  make-up  be  used  for 
different  parts  of  the  same  lamp.  So,  for  instance,  in 
lamps  of  fairly  high  wattages,  the  glass  cane  that  sup- 
ports the  filament  may  become  so  hot  during  operation 
that  a  hard  glass  for  this  purpose  is  absolutely  indis- 
pensable. This  demands  that  the  supporting  cane  be 
sealed  to  a  piece  of  glass  tubing,  having  a  coefficient  of 
expansion  very  different  from  that  of  the  cane.  With 
the  best  of  flame  adjustments  on  automatic  machines, 
a  high  shrinkage  in  this  operation  is  likely  to  take  place. 
Later,  the  stem  so  made  must  be  sealed  to  the  bulb, 
which  is  made  of  soft  lead-soda  glass,  hence  the  neces- 
sity of  using  soft  glass  tubing  for  the  seal  just  indi- 
cated above.  It  is  cheaper  to  have  a  breakage  at  the 
former  operation  than  later  in  sealing-in  the  stem  to  the 
bulb. 

The  problem  of  sealing  metals  to  glass  is  also  one 
of  absorbing  interest.  Formerly,  platinum  was  used  to- 
conduct  the  current  into  the  lamp,  because  it,  of  all 
metals,  had  a  coeificient  of  expansion  about  equal  to- 
that  of  soft  glass,  and  therefore  made  a  perfect  seal. 
Now  cheap  substitutes  made  from  alloys  of  nickel  and 
steel  are  used  for  this  purpose.  Wires  to  support  the 
filament  are  sealed  into  the  glass  cane.  These  are 
usually  made  from  tungsten,  molybdenum,  nickel  or 
other  metals,  depending  on  the  coefficient  of  expansion 
of  the  kind  of  glass  cane  used.  A  necessary  change 
in  the  cane  due  to  electrolysis  or  softening  may  alsa 
necessitate  a  change  in  the  kind  of  metal  support. 

PURIFICATION    OF    GASES 

One  of  the  most  important  things  the  chemical 
laboratory  controls  is  the  purification  of  the  gases  that 
are  used  for  Mazda  C  lamps.  Be  it  argon  or  nitrogen 
or  a  mixture  of  the  two  gases,  in  any  case,  no  foreign 
gas  must  be  present.  As  has  been  suggested,  the 
slightest  trace  of  water  vapor  is  disastrous.  Conse- 
quently,  elaborate   chemical   means   are   used   in   order 
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first  to  purify  the  gases  and  then  very  careful  control 
is  utilized  to  see  that  the  purity  is  maintained. 

ACTION   OF   WATER  VAPOR 

It  may  be  of  interest  to  note  what  the  probable 
behavior  of  water  vapor  is  in  the  lamp  and  why  it  is 
so  damaging.  Its  action  is  known  as  the  "water 
cycle".  At  the  high  operating  temperature  of  the  tung- 
sten filament,  any  water  vapor  coming  into  contact  with 
the  incandescent  metal  is  decomposed  into  its  constitu- 
ents hydrogen  and  ozygen.  The  oxygen  immediately 
unites  with  a  part  of  the  filament,  forming  tungstic 
oxide,  which  is  volatilized  and  is  thrown  against  the 
bulb.  The  free  hydrogen  in  turn  reduces  the  oxide  so 
formed,  leaving  a  particle  of  black  tungsten  p  ■\vder  in 
place  of  the  less  conspicuous  and  less  light  absorbing 
oxide,  and  water  is  again  formed.  So  the  cycle  pio- 
ceeds  to  the  detriment  of  the  filament  and  the  candle- 
power  of  the  lamp. 

CONTROL  OF  OILS 

If  considerable  care  and  control  are  not  main- 
tained, hydrocarbon  gases  will  creep  into  the  lamp  from 
the  oils  used  in  the  pumps  which  perform  the  exhaust 
operation.  Heavy  hydrocarbon  oils  are  utilized  for 
this  purpose  and  the  vapor  pressure  of  such  oils  at  the 
working  temperatures  must  be  practically  nil.  Castor 
oil,  too,  is  used  to  insure  a  tight  joint  between  the 
lamp  and  the  rubber  tube  which  holds  it  in  place  dur- 
ing the  exhausting  operation.  As  this  joint  becomes 
very  hot,  particular  caution  is  exercised  regarding  the 
purity  and  the  vapor  pressure  of  this  oil. 

BASING  CEMENTS 

After  the  lamp  has  been  exhausted  and  sealed  ofif, 
a  metal  base  must  be  cemented  to  the  glass  bulb.  For 
this  purpose,  it  is  necessary  to  have  a  cement  which 


will  set  quickly,  will  make  a  rigid  connection  between 
the  glass  and  metal  and  which  must  be  resistanr  to 
both  moisture  and  reasonably  high  temperatures. 
Cements  that  are  now  used  are  made  from  formulas 
which  are  the  results  of  years  of  work  in  the  chemical 
laboratory.  Although  basing  cements  vary  in  composi- 
tion, depending  upon  the  type  of  lamp  they  are  to  be 
used  upon  and  to  the  conditions  to  which  the  lamps  are 
to  be  subjected,  they  usually  contain  various  fillers  with 
shellac,  cut  in  either  wood  or  denatured  alcohol.  All 
of  these  materials  require  a  careful  control,  especially 
shellac,  which  is  a  gum  imported  chiefly  from  India 
and  the  South  Sea  Islands.  It  is  a  material  that  is 
very  susceptible  to  adulteration  and  its  adulterants  are 
very  difiicult  to  detect.  Its  solubility  and  the  viscosity 
of  its  solutions  are  factors  which  must  be  carefully  con- 
trolled. During  the  war,  owing  to  its  source,  the  sup- 
ply of  shellac  became  uncertain.  As  a  result,  a  large 
amount  of  chemical  research  has  been  carried  out  dur- 
ing the  past  year  on  substitutes  for  shellac  and  basing 
cements  which  do  not  require  shellac  as  a  binding  ma- 
terial. 


The  final  operation  in  the  mechanical  construction 
of  the  lamp  is  to  connect  the  lead-in  wires  to  the  base 
in  such  a  way  that  good  electrical  contacts  are  made. 
This  is  accomplished  by  soldering  them  directly  to  the 
base.  Before  this  can  be  done,  the  base  must  be 
cleaned  from  all  oxide  and  grease  at  the  point  where 
the  connection  is  to  be  made.  For  this  purpose  the 
solder  used  must  contain  a  definite  tin  content  in  order 
that  the  melting  point  of  the  solder  will  be  sufficiently 
low  for  efficient  working.  Owing  to  the  shortage  of 
tin  during  the  war,  a  constant  check  on  the  tin  content 
of  the  solder  became  necessary. 
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A.  R.  Dennington 
Engineering  Dept., 
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ABOUT  five  years  ago  active  work  was  begun  on 
the  problem  of  developing  an  incandescent 
source  of  light  which  could  be  used  successfully 
in  place  of  the  carbon  arc  lamp  for  the  projection  of 
motion  pictures.  Early  in  the  development  it  became 
evident  that  pictures  could  be  projected  with  a  Mazda 
lamp  of  the  concentrated  filament  type ;  however,  lamps 
of  the  usual  voltage  ranges  were  found  to  be  difficult 
to  make  and  unreliable  because  of  the  tendency  to  arc 
due  to  the  extremely  great  concentration  necessary.  It 
also  became  evident  that  the  success  of  a  Mazda  lamp 
for  picture  projection  depended  not  entirely  upon  the 
wattage  of  the  lamp  but  upon  the  amount  of  filament 
which  could  be  placed  within  a  given  area,  this  area  be- 
ing approximately  one-half  inch  square. 

Various    sizes    and    voltages    of    lamps    were    de- 
veloped at  different  periods,  but  gradually  the  results 


have. indicated  that  a  900  watt  lamp.  Fig.  i,  rated  at  30 
volts  30  amperes,  meets  the  requirements  in  a  great 
many  cases,  and,  therefore,  this  lamp  has  been  adopted 
as  the  standard  for  motion  picture  projection.  The  use 
of  this  lamp  is  being  demonstrated  in  order  to  bring  it 
to  the  attention  of  theater  owners,  operators  and  man- 
agers so  that  they  may  learn  how  well  the  lamp  meets 
the  requirements.  Application  of  the  lamp  has  been 
retarded  very  largely  by  the  fact  that  no  satisfactory 
equipment  was  available  for  its  use.  Several  lamp- 
house  mechanisms  have  been  developed  for  the  "Mazda 
lamp,  but  in  many  cases  these  have  proven  to  be  un- 
reliable because  of  poor  mechanical  construction. 
There  has  also  been  a  lack  of  equipment  for  the  elec" 
trical  control  of  the  lamp.  A  Mazda  lamp  for  motion 
picture  projection  is  operated  at  extremely  high  fila^ 
ment  temperature,  therefore,  the  nu-rent  supplied  must 
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be  accuratel}-  controlled.  The  compensators  which 
ha\e  been  used,  heretofore,  in  theaters  for  the  control 
of  arc  lamps  do  not  have  sufficiently  accurate  regu- 
lation for  use  with  Mazda  lamps,  and  it  is  necessary, 
therefore,  to  have  either  entirely  new  control  equip- 
ment or  to  install  an  additional  rheostat  or  reactance 
coil  so  that  close  regulation  of  the  current  is  obtam- 
able.  The  lack  of  these  devices  has  limited  the  adop- 
tion of  the  Mazda  lamp. 

At  the  present  time  there  have  been  developed  ond 
placed  on  the  market  several  types  of  lamphouse 
equipment  and  electrical  control  devices  which  seem  to 
meet  all  of  the  requirements  of  simplicity,  ruggedness, 
reliability  and  ease  of  control.  With  this  equipment 
available  there  will  undoubtedly  be  a  rapid  increase  in 
the  use  of  Mazda  lamps  for  projecting  pictures. 

AUV.^NTAGES    OF    PICTURE    PROJECTION    BY    MAZDA    LAMPS 

The  advantages  which  may  be  obtained  by  the  use 
of  Mazda  lamps  for  picture  projection  may  be  outlined 
as  follows : — 

I — Absolutel)-  steady  light, 
even  on  alternating  current  cir- 
cuits of  frequencies  as  low  as  25 
cycles  per  second. 

The  filament  used  in  the 
Mazda  lamp  is  a  fairly  he.'.vy 
coiled  tungsten  wire  which  stores 
up  enough  heat  to  keep  the  tem- 
perature of  the  filament  practiciily 
constant  throughout  the  current 
cycle. 

2 — The  absence  of  flicker  per- 
mits the  operator  to  use  a  three 
wing  shutter  which  gives  a  high 
frequency  cut-off  so  that  there  is 
no  annoying  flicker  of  the  picture 
on  the  screen. 

3 — The    lamp    filament,    when 
FIG    i~-f,oo   WATT,   30   once   focused  at  the  proper  point 

A.Ml'ERE,    30    VOLT  .  ,,  ,.        ,  .  , 

iMAzDA  c  LAMP  "^  ^'"'^  optical  systcm,  does  not 
For    motion    picture   change  in  position  and,  therefore, 

projection.  more  time  may  be  given  to  watch- 

ing the  picture  and  producing  the  best  possible  results. 

4 — The  light  source  being  entirely  enclosed  in  a 
glass  bulb  does  not  give  off  any  gas  vapors  to  injure 
the  operator,  and  no  dust  is  formed  which  tends  to  wear 
the  mechanism  of  the  machine  and  scratch  the  film. 

5 — The  light  on  the  screen  does  not  vary  from  mo- 
ment to  moment  as  is  the  case  with  an  arc  lamp  where 
the  position  of  the  arc  is  constantly  changing  with  re- 
spect to  the  optical  system.  This  gives  a  steadier  and 
more  pleasing  picture  to  look  at  and  one  which  pro- 
duces little  or  no  eye  strain. 

6 — The  color  of  the  light  is  of  a  slightly  yellowish 
tint  which  gives  a  more  pleasing  effect  than  the  bluish 
white  light  of  the  arc. 

I'KACTtCAL    DEMONSTRATIONS 

Recenth',  demonstrations  were  made  in  theaters  in 


Boston  and  New  Haven  to  show  the  possibility  of  us- 
ing the  900  watt  Mazda  "C"  lamp  for  regular  theater 
operation.  A  new  type  of  lamphouse  was  used  in  these 
tests.  The  equipment  not  only  passed  all  the  require- 
ments of  the  Massachusetts  Inspection  Bureau,  but 
gave  results  in  picture  projection  which  were  beyond 
criticism. 

It  is  recognized  that  the  Mazda  lamp  is  not  de- 
signed for  projecting  the  pictures  in  the  largest 
theaters,  but  it  is  a  desirable  substitute  for  alternating- 
current  arcs,  and  that  it  meets  the  requirements  in  a 
very  large  number  of  installations. 

GENERAL  FEATURES  SIMPLEX  EQUIPMENT 

The  lamphouse  equipment.  Fig.  2,  has  the  follow- 
ing general  features  which  are  of  particular  interest, 
as  they  represent  many  advantages  over  most  of  the 
equipment  which  has  heretofore  been  placed  on  the 
market : — 

Practically  all  of  the  adjustment  on  the  lamp  may 
be  made  from  the  outside  of  the  lamphouse.     The  k'mp 
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Showing   cxlr;i   holder   and   lamp. 

is  placed  in  a  removable  holder  and  an  extra  holder 
is  provided  so  that  new  lamps  may  be  installed  without 
difficulty  or  loss  of  time. 

Am|)le  working  space  lietween  the  lami)house  and 
motion  |iictiire  machine  head  is  obtained  by  using 
plano-convex  condensers  of  the  usual  type  instead  of  a 
short  focus  prismatic  condenser.  The  plano-convex 
condensers  are  suitable  for  the  projection  of  stereopti- 
con  slides  so  that  no  mechanism  is  necessary  for  shift- 
ing from  one  set  of  condensers  to  another. 

ADVANTAGES   OF   OUTSIDE    ADJITSTMENT 

The  advantages  of  having  handles  for  adjusting 
the  lamp  outside  of  the  lamphouse  are  that  the  pro- 
jectionist works  comfortably,  as  the  handles  are  not 
hot  and  adjustment  can  readily  be  made  at  any  time  in 
case  of  necessity.     The  mechanism  is  similar  in  its  op- 
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€ratioii  lo  tlie  mechanism  of  an  arc  lamp  and,  there- 
fore, the  operator  can  readily  adapt  himself  to  the  new 
equipment.  When  adjusting  the  lamp,  the  lamphouse 
may  be  closed  up  so  that  the  eyes  of  the  projectionist 
are  not  blinded  by  the  flare  of  light  from  the  intensely 
hot  filament.  If  adjustment  is  made  with  the  lamp- 
house  door  open,  as  is  necessary  with  most  other  types 
of  lamphouses,  the  glare  of  the  lamp  prevents  the  op- 
erator from  seeing  the  screen  clearly  for  sometime 
afterwards,  and  he  is  therefore  unable  to  accurately 
focus  the  picture  on  the  screen. 

One  of  the  most  accurate  adjustments  which  needs 
to  be  made  is  the  bringing  of  the  reflected  image  fiom 
the  mirror  into  its  correct  position  between  the  spaces 
in  the  coils  of  the  lamp  filament.  In  Fig.  3A  a  fila- 
ment is  illustrated  without  the  image-  from  the  mirror, 
and  in  Fig.  3B  the  same  filament  is  shown  with  the 
image  from  the  mirror  properly  adjusted  between  the 
coils.  Unless  the  image  is  brought  accurately  to  the 
correct  position  as  indicated  the  effect  on  the  screen 
is  not  what  it  should  be,  there  being  uneven  illumin- 
ation and  also  loss  of  light. 

On  the  mechanism  the  mirror  is  provided  with  a 
long  handle  which  reaches  out  through  the  back  of  the 
lamphouse.     By  means  of  this  long  handle  the  position 


pre.    3A — IMAGE    OF    FILAMENT    WITHOUT    REFLECTOR 
FIG.    3B — IMAGE    OF    FIL.\MENT    WITH    REFLECTOR 

Image  spaced  between  coils. 

of  the  mirror  can  be  changed  by  a  very  slight  amount, 
and  thus  the  reflected  image  brought  exactly  to  the  de- 
sired position.  The  positioning  of  the  mirror  is  one 
operation  in  the  adjusting  of  a  Mazda  lamp  for  pro- 
jection purposes  with  which  the  projectionist  has  not 
been  familiar.  With  the  arc  lamp  equipment  he  lias 
been  accustomed  to  adjusting  the  light  source  so  that 
it  gives  the  desired  spot  at  the  aperture  plate.  With 
the  Mazda  lamp  it  is  necessary  to  get  the  lamp  in  cor- 
rect position  with  respect  to  the  condenser,  and  then 
bring  the  mirror  into  the  correct  position  with  respect 
to  the  lamp  filament.  This  is  an  added  operation,  but 
it  needs  to  be  done  only  occasionally,  because  when  the 
lamp  and  mirror  are  once  correctly  set  they  will,  un- 
less disturbed,  remain  in  this  position  until  the  burn- 
out of  the  lamp  makes  necessary  the  installation  of  a 
new  lamp  and  consequently  a  new  adjustment. 

REPLACEMENT  OF   LAMP   WHICH    HAS   FAILED   IN    SERVICE 

As  shown  in  Fig.  2,  there  are  two  lamp  holders 
provided  with  the  lamphouse  equipment.  These  lamp 
holders  provide  for  the  lateral  adjustment  of  the  lamp 
so  that  the  filament  can  be  brought  to  very  nearly  the 
correct  position  before  the  holder  is  mounted  on   the 


adjusting  mechanism.  After  a  lamp  has  been  installed 
the  position  is  varied  as  may  be  necessary  by  the  ad- 
justing handles.  The  lamp  and  holder  may  then  be 
removed  and  another  one  similarly  adjusted.  In  case 
the  lamp  in  service  burns  out,  it  is  removed  and  the 
spare  lamp  with  its  holder  installed.  The  only  change 
which  is  liable  to  be  necessary  is  a  slight  vertical  ad- 
justment due  to  differences  in  the  light  center  lengths 
of  the  two  lamps.  In  any  case  a  fair  light  will  be  ob- 
tained for  continuing  the  picture  and  the  operator  can 
make  his  final  adjustment  while  the  remaining  part  of 
the  film  is  being  run  or  after  a  change  has  been  made 
to  the  other  machine.  The  entire  mechanism  is  strong 
and  well  made  and  fits  inside  a  special  lamphouse, 
which  is  of  sufficient  size  so  that  a  mirror  of  large  dia- 
meter can  be  accommodated.  The  use  of  a  large  dia- 
meter mirror  is  advisable  because  the  heating  effect  of 
the  lamp  is  such  that  a  small  mirror  will  soon  be  de- 
stroyed. A  large  mirror  will  last  longer  than  a  small 
one,  and  it  also  will  give  a  better  image  of  the  filament, 
so  that  there  is  a  double  advantage  in  its  use.  There 
is  also  room  in  the  lamphouse  to  permit  excellent  ven- 
tilation, so  that  the  lamp  is  always  operated  under  con- 
ditions which  are  ideal  for  good  performance. 

AMPLE    SPACE    FOR    EASY   OPERATION    OF    MACHINE 

The  principal  disadvantage  in  using  a  short  focus 
prismatic    condenser    is    that    the    lamphouse    must    be 


FIG.    4 — in.VGRA.M    OF    I'LANOCONVEX    AND    PRISMATIC 
CONDENSER    SYSTEMS 

Showing  spread  of  light  beam, 
brought  very  close  to  the  machine  head.  With  many 
types  of  machines  this  makes  it  difficult  to  reach  the 
framing  levers  and  focusing  screw.  With  the  equip- 
ment shown  the  lamphouse  is  in  about  the  same  position 
it  would  be  if  an  arc  lamp  were  used,  so  that  the  prac- 
tical operation  of  the  machine  is  not  interfered  with  in 
any  way.  This  ample  working  space  makes  it  much 
easier  to  operate  the  machine  and  also  reduces  the  dan- 
ger of  the  projectionist  burning  his  hands  on  the  hot 
lamphouse. 

CONDENSER    SYSTEM 

A  diagram  of  the  conditions  which  exist  with  the 
plano-convex  and  prismatic  condenser  system  is  shown 
in  Fig.  4.  With  the  plano-convex  condenser  the  light 
source  is  placed  at  a  while  with  the  prismatic  con- 
denser the  light  source  will  be  placed  at  a'.  The  rays 
of  light  from  the  plano-convex  condenser  pass  through 
the  aperture  h  and  the  greater  portion  of  them  are 
picked  up  by  and  passed  through  the  objective  lens  c. 

\Mth  the  prismatic  condenser,  and  the  light  source 
]ilaced  at  a',  a  very  much  larger  portion  of  the  lighc  is 
lost  because  it  does  not  pass  through  the  objective  lens 
c.  The  path  of  the  rays  of  light  of  the  prismatic  con- 
denser  is   shown   by   the  dotted   lines.     With   the  pris- 
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matic  condensers,  part  of  this  loss  is  compensated  for 
because  the  light  source  shown  at  o'  is  much  closer  to 
the  condenser  than  with  the  plano-convex  condensers; 
thus,  a  somewhat  larger  angle  of  light  is  picked  up. 
It  is  also  evident  that,  where  the  prismatic  condenser 
is  used,  it  is  much  more  important  that  an  objective  of 
large  diameter  be  installed  in  order  to  pick  up  a  greater 
portion  of  the  diverging  light  rays.  Owing  to  the  fact 
that  a  lens  tube,  in  a  standard  motion  picture  machine, 
is  slightly  less  than  two  inches  in  diameter  it  is  not  pos- 
sible to  get  the  maximum  effect  from  a  lens  having  a 
greater  diameter  than  this,  though  there  will  be  some 
gain  by  the  use  of  a  2)4  inch  lens. 

Where  the  prismatic  condenser  is  used  it  is  neces- 
sary to  provide  a  set  of  plano-convex  condensers  in 
order  to  project  stereopticon  slides.     If  a  stereopticon 


FIG.    5 — MAZD.\    LAMP    REGULATOR 

With   cover   removed,    showing  moving  coil    and   means 
for  adjustment. 

slide  is  placed  very  near  to  the  prismatic  condenser  the 
image  of  the  condenser  as  well  as  the  image  of  the  slide 
will  be  shown  upon  the  screen,  thus  giving  a  bad  effect. 
In  ordering  the  lamphouse  for  a  given  projector 
the  name  and  model  number  of  the  projector  and  the 
year  in  which  it  was  manufactured  should  be  given,  so 
that  the  lamphouse  which  is  sent  out  may  be  made  up 
to  fit  the  machine  without  the  necessity  of  making  any 
changes.  By  using  this  method,  the  lenses  will  be 
lined  up  correctly  for  the  aperture  plate.  Where  the 
installation  of  the  equipment  depends  upon  the  accu- 
racy with  which  the  operator  can  center  the  condenser 
there  is  liable  to  be  poor  results.  If  the  condenser  is 
placed  slightly  out  of  line  it  will  cause  a  very  material 
loss  in  the  illumination  delivered  to  the  screen,  and 
there  also  will  be  an  uneven  distribution  of  light  over 


the  aperture  plate,  and  consequently  a  badly  projected 
picture. 

ELECTRICAL    CONTROL   EQUIPMENT 

In  the  development  of  transformers  for  use  with 
Mazda  C  lamps  for  motion  picture  projection,  it  has 
been  necessary  to  consider  the  accurate  control  of  the 
current.  The  advantages  of  using  constant  current 
transformers  have  been  appreciated  and  the  main  dis- 
advantage has  been  that  the  lamps  could  not  be  made  up 
so  as  to  be  rated  absolutely  at  a  fixed  current.  The 
latest  type  of  transformer  for  this  purpose  embodies 
the  constant  current  principle,  but  also  includes  means 
for   regulating   this   current   to   the   desired   value.     A 


FIG.   6 — MAZDA    LAMP    REGULATOR 

With  cover  in  place,  showing  ammeter  and  adjusting  handle, 
view  of  the  working  parts  of  this  transformer  is  shown 
in  Fig.  5,  while  a  view  with  the  cover  in  place  is  shown 
in  Fig.  6.  The  transformer  is  equipped  with  an  am- 
meter and  an  adjusting  knob,  so  that  when  the  current 
is  once  adjusted  to  the  value  specified  for  the  lamp,  it 
will  be  maintained  at  this  value  under  ordinary  condi- 
tions, no  matter  if  the  primary  voltage  falls  or  rises. 
A  transformer  of  this  type  has  all  the  advantages  which 
are  usually  found  only  on  transformers  of  the  constant 
potential  type  which  are  fitted  with  means  for  varying 
the  secondary  current.  By  the  use  of  a  special  switch- 
ing device  a  single  transformer  may  be  used  to  operate 
the  lamps  on  two  machines. 
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Till'-  coinniercial  development  and  manufacture  of 
radiotelephone  apparatus  was  one  of  the  wonder- 
ful accomplishments  of  the  electrical  engineer- 
ing profession  of  our  country  during  the  war.  Not  the 
least  of  the  problems  involved  was  the  providing  oi  a 
suitable  source  of  power,  as  the  requirement  of  porta- 
bility and  minimum  weight  and  size  precluded  the  use 
of  the  more  usual  forms  of  generators. 

Three  types  of  direct-current  machines  v/ere 
needed  in  quantity  lots  to  meet  the  power  requirements 
of  the  various  telephone  sets,  as  follows: — 

I — The  10-350  volt  dynamotor,  receiving  power  from 
a  six  cell  storage  battery  on  the  low  voUage  end  and 
developing  350  volts  at  0.08  amperes  on  the  high-voltage 
or  generator  end. 

2 — The  27.5-350  volt  dynamotor,  receiving  power  from 
a  16  cell  storage  battery  on  the  low-voltage  or  motor  end 
and  developing  350  volts,  0.080  amperes  on  the  high-voltage 
or  generator  end. 

3 — The   25-275   volt   wind-driven  generator  developing 
26  volts  at  2.5  amperes  and  285  volts  at  0.080  amperes  load 
at  constant  voltage  from  3200  to  14000  r.p.m. 
All   of   these   machines*   are   designed   to    furnish 


The  armature  has  two  separate  windings,  insulated 
from  each  other,  the  low-voltage  side  being  wound  with 
a  few  turns  per  coil  of  large  double  cotton-covered 
enameled  wire  and  the  high-voltage  side  with  a  large 
number  of  turns  per  coil  of  small,  single  silk-covered 
enameled  wire.  After  winding,  the  armature  is  banded 
with  heavy  cotton  cord  and  given  two  dips  in  an  im- 
pregnating varnish.  A  die  cast  aluminum  end  shield, 
as  light  as  is  consistent  with  strength,  together  with 
die  cast  aluminum  brushholders,  reduce  the  weight. 
The  special  type  of  ball  bearing  used,  together  with  the 
through  bolt  and  end  bracket  construction  provide 
maximum  ease  in  assembling  or  taking  apart.  The 
frame  is  machined  from  special  steel  pipe  made  for  this 
purpose.  The  field  poles  are  made  from  laminated 
steel  and  the  field  coils  are  wound  with  enamel  wire. 

GENERAL    DESIGN    OF    MACHINE 

The  three  principal  considerations  in  the  design  of 
these  machines  are  weight,  efficiency  and  noise. 


FR.,    1 — kAUlu    IIY.NAMOTORS    ASSEMBLED 

This  machine  was  furnished  to  both  the  Army  and  Navy 
for  use  on  radio-telephone  sets.  The  maximum  range  of  a 
set  using  power  from  such  a  generator  is  from  10  to  20  miles, 
although  several  remarkable  records  have  been  made,  the  best 
being  198  miles.  The  construction  is  rugged  and  simple,  and 
the  brush  holders  are  readily  accessible. 

power  for  short  range  telephone  sets  with  a  worknig 
range  of  a  few  miles. 

The  problem  which  confronted  the  engineer  wa.^  to 
produce  one  standard  design  in  which  could  be  incor- 
porated the  special  features  and  performance  of  any 
one  of  the  three,  this  depending  on  the  winding  of  the 
field  and  armature.  Obviously  this  was  necessary  to 
get  quantity  production  in  minimum  length  of  time, 
which  was  the  outstanding  difficulty.  The  result  was 
one  design  of  machine  for  all  three  requirements.  As 
shown  in  Figs,  i  and  2,  this  is  a  single-armature, 
double-commutator,  bipolar,  ball-bearing,  totally-en- 
closed direct-current  machine,  five  inches  in  diameter 
and  8.5  inches  long,  weighing  approximately  15  pounds. 

*The  radio  apparatus  which  was  used  with  these  dyna- 
motors  and  generators  was  developed  and  supplied  by  the 
Western  Electric  Company,  and  is  described  by  Mr.  H.  M. 
Stoller  in  this  issue.  The  writer  gratefully  acknowledges  the 
assistance  of   Mr.   Stoller  in  the  preparation  of  this  article. 


FIG.    2 — DYNAMOTOR    PARTS 

The  view  shows  the  dynamotor  parts  ready  for  assembly. 
The  die  cast  aluininum  end  brackets  and  brush  holders,  steel 
pipe  frame  and  double  commutator  armature  show  the  sim- 
plicity of  construction  and  ease  in  assembly. 

Weight — Since  the  dynamotors  furnished  the  Sig- 
nal Corps  were  for  field  service,  and  the  generators 
were  mounted  on  airplanes,  minimum  weight  was  es- 
sential. This  reduction  in  weight  was  accomplished  by- 
using  the  smallest  amount  of  iron  and  copper  consistent 
with  performance,  and  making  the  parts  from  alumi- 
num wherever  possible.  The  result  was  a  machme 
weighing  approximately  15  pounds. 

Efficiency — As  high  efficiency  as  possible  con- 
sistent with  weight  and  noise  limitations  is  necessary 
in  all  these  machines.  This  is  particularly  true  in  the 
10-350  volt  dynamotor  where  the  source  of  power  is  a 
six-cell  storage  battery  which  must  be  carried  along 
with  the  rest  of  the  telephone  set.  Low  efficiency  in 
the  dynamotors  means  a  larger  battery,  hence  more 
weight  to  carry.  This  problem  requires  a  careful 
analysis  of  the  losses  and  a  proper  balance  of  the  cop- 
per and  iron  losses  to  give  maximum  efficiency  at  the 
rated  load.     The  efficiency  is  reduced  owing  to  the  ex- 
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acting  noise  requirements.  The  current  required  to 
start  the  dynamotor  represents  another  important  item 
as  this  also  determines  the  size  of  the  battery  for  the 
set.  This  current  is  reduced  by  use  of  a  compound 
winding  of  the  field. 

Noise — Where  generators  are  used  to  supply  power 
to  radio  telephone  sets,  the  minute  fluctuations  which 
are  due  to  commutation  etc.  give  rise  to  noise  in  the 
receiver  circuit,  which  may  seriously  interfere  with 
speech,  if  of  sufficient  volume.  This  noise  can  be  re- 
duced by  care  in  the  design  of  the  machine.  Some  de- 
tails of  construction  which  help  reduce  this  "electrical" 
noise  are  as  follows: — 

I — Large  number  of  slots  per  pole  in  armature. 

2 — Armature   slots  skewed    (see  Fig.  2). 

3 — Large   number  of   commutator  bars. 

4 — Thin     mica     lietween     commutator     bars     carefully 
undercut. 

5 — Brush  pressure  of  from  four  to  six  lbs.  per  sq.  in. 

6 — Large  air-gap  and  beveled  pole  tips. 

7 — Highest  grade  soft  graphite  brushes. 

All  the  above  considerations  are  incorporated  in 
the  design  in  order  to  produce  good  commutation.  The 
large  number  of  slots  per  pole  is  necessary  in  order  that 
commutation  will  occur  when  coil  is  at  the  point  of 
best  commutation.  The  large  number  of  commutr.ior 
bars  reduces  the  number  of  turns  per  coil  and  her.ce 
the  reactance  voltage.  Sine  wave  distribution  of  llux 
under  the  pole  is  obtained  by  beveling  the  pole  tips. 
The  ratio  of  the  field  ampere-turns  required  to  over- 
come the  reluctance  of  the  teeth  and  air-gap  to  the 
armature  ampere-turns  per  pole  which  produce  flux 
distortion,  (commonly  known  as  the  stability  factor) 
should  be  high,  as  this  is  an  important  consideration  af- 
fecting commutation. 

In  a  given  design,  incorporating  as  far  as  possible 
all  these  desirable  features,  the  amount  of  noise  will 
not  vary  appreciably  among  individual  machines,  the 
quality  and  construction  of  the  product  being  the  same. 
Defects  in  workmanship  on  the  generators  that  will  in- 
crease the  noise  in  the  receiver  circuit  are  rough  com- 
mutators, high  mica,  poor  seating  of  the  brushes,  in- 
correct brush  position,  low  brush  pressure,  etc. 

Since  these  machines  are  supplied  with  power  from 
low-voltage  circuits  the  first  design  employed  metal- 
graphite  brushes  on  the  low-voltage  end.  These  gave 
noise  in  the  receiver  circuit  which  was  of  such  magni- 
tude as  to  make  their  use  impossible.  Extensive  ex- 
periments were  then  conducted  to  determine  the  brush 
which  would  give  the  quietest  operation  which  resulted 
in  the  adoption  of  high  grade,  soft  graphite  brushes. 

The  greatest  trouble  with  noise  was  experienced  on 
the  27.5-350  volt  dynamotor  u.sed  on  the  submarine 
chasers.  In  these  sets  five  stages  of  amplification  tire 
used  thereby  magnifying  many  times  any  noise  duo  to 
the  generator. 

DVNAMOTORS 

JO-330  Volt  Dynamotor — Most  of  the  10-350  volt 
dynamotors,  the  construction  of  which  is  shown  in  Figs. 
I  and  2,  were  used  by  the  Signal  Corps  for  field  sets  to 
communicate  both  with  airplanes  and  the  units  on  the 


ground.  The  first  of  these  machines  were  carried  i.';  a 
canvass  bag  hung  over  the  shoulder  by  means  of  a  wide 
strap.  In  the  later  sets  this  canvass  bag  was  discarded 
and  a  water-proof  aluminum  box  substituted. 

Machines  supplied  the  Signal  Corps  for  inside  use 
were  mounted  in  a  pressed  steel  frame  which  also 
served  as  a  mounting  for  instruments  and  switches.  A 
few  machines  similarly  mounted  were  used  by  the 
Navy.  The  Signal  Corps  also  used  the  10-350  volt 
dynamotor  for  field  telegraph  sets.  The  output  re- 
quired for  this  service  is  0.166  amperes  at  300  volts. 
The  10  volt  dynamotor  was  designed  with  a  regulator 
to  give  0.08  amperes  at  350  volts  and  0.166  amperes  at 
300  volts,  thus  making  one  machine  meet  both  specifi- 
cations. 

The  27.5-350  Volt  Dynamotors,  Figs,  i,  2  and  3, 
were  used  on  the  submarine  chasers  and  destroyers,  two 
machines  mounted  as  shown  in  Fig.  3  being  used  with 
each   telephone   set.     One   dynamotor  niil\    i-^  o] periled 


VU,.    3 — DyN.\MOTORS    MOUNTED    FOR    USE    ON    SUBMARINE    CHASERS 

These  dynamotors  are  hung  in  a  spring  suspension  in  order 
to  damp  out  all  noise  which  might  be  transmitted  to  the  hull 
of  the  ship.  When  "listening"  for  submarines  the  only  run- 
ning piece  of  machinery  on  the  ship  is  the  dynamotor,  and  if 
means  were  not  provided  to  prevent  it,  the  noise  of  this  dyna- 
motor running  is  carried  to  the  water  through  the  ship  and 
can  be  heard  by  the  submarine.  These  machines  are  hung 
under  the  radio  operators  table  and  in  the  view  shown  here 
the  camera  was  under  the  table  looking  up. 

while  the  set  is  in  use  and  the  other  is  used  as  a  spare. 
When  the  chaser  is  locating  a  submarine,  the  listening 
devices  are  used  only  when  the  vessel  is  not  in  motion 
and  at  this  time  the  dynamotor  is  the  only  piece  of 
machinery  on  the  ship  which  is  running.  The  sound 
of  this  running  dynamotor  transmitted  through  the  hull 
of  the  .ship  to  the  water  adjacent  would  confuse  an 
observer  attempting  to  pick  up  the  noise  of  a  sub- 
marine propeller  by  means  of  the  sea  tubes  if  no  provi- 
sion is  made  to  prevent  this.  The  spring  suspension 
shown  in  Fig.  3  effectively  damps  out  all  sound  of  the 
running  dynamotor. 

Design-— A  dynamotor  may  be  likened  to  a  trans- 
former with  no  reactance  as  the  relations  of  current, 
turns  and  voltages  are  the  same.  In  the  transformer 
llie  winding  is  stationary  with  the  llux  varying:  while  in 
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the  dynamotor  the  flux  is  stationary  and  the  windings 
rotate.  The  ratio  of  generated  voltages  in  the  high  jnd 
low-voltage  armature  windings  is  the  direct  ratio  of 
the  total  number  of  series  wires  in  each  winding,  since 
they  both  cut  the  same  flux.  This  ratio  is  independ- 
ent of  all  other  factors. 

The  ratio  of  the  terminal  voltages  depends  on  the 
ratio  of  armature  series  wires,  the  voltage  drop  in  the 


FIG.   4 — CIRCUIT    FOR    NOISE    TESTING    OF    DYNAMOTORS 

No  dynamotor  is  satisfactory  unless  it  passes  the  noise 
test.  The  noise  referred  to  is  that  obtained  in  the  receiver 
of  the  set,  and  is  usually  due  to  brush  contact  and  commuta- 
tion. A  similar  testing  circuit  is  used  for  the  wind  driven 
generators. 

armature  windings  and  the  brushes,  and  the  positions 
of  the  high  and  low-voltage  brushes.  On  the  low-vclt- 
age  or  motor  end  the  voltage  drop  in  the  brushes  and 
armature  must  be  subtracted  from  the  terminal  volt- 
age to  get  the  generated  voltage,  while  on  the  generator 
end  they  must  be  added.  Hence  this  terminal  voltage 
ratio  varies  with  the  load  on  the  machine.  The  field 
and  air-gap  have  no  effect  on  this  ratio  except  as  they 
affect  the  losses. 

Tests — The  tests  which  are  conducted  on  dynamo- 
tors  before  approval  for  shipment  are  given  in  the  fol- 
lowing order: — 

I — The  dynamotor  is  run  for  two  hours  at  no  load 
with  the  rated  voltage  supplied  at  the  low-voltage  end. 
This  is  done  to  grind  in  the  brushes  to  70  percent  contact 
on  the  commutator  face. 

2 — The  voltage  ratio  is  checked  for  no-load  and  full- 
load  points. 
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FIG.    5 — PERFORMANCE   OF    DYNAMOTORS    USED    FOR    WIRELESS 
TELEPHONY 

3 — The  machine  is  given  an  insulation  break  down 
test  of  1500  volts  alternating-current  between  windings  and 
between  windings  and  ground. 

.4 — A  noise  test  is  conducted  with  the  circuit  connected 
as  shown  in  Fig.  4.  With  the  circuit  so  connected  the 
noise  in  the  telephone  receiver  must  be  a  steady  clear 
commutation  noise  free  from  all  scratching  or  rattling. 
An  approved  standard  dynamotor  is  used  as  a  basis  for 
approval  or  rejection  of  the  dynamotor  tests.    This  noise 


standard  test  is  supplemented  by  the  trained  judgment  of 
the  inspector. 

Performance — Performance  curves   for  the  dyna- 

motors  furnished  the  .Signal  Corps  are  shown  in  Figs. 

5  and  6. 

WIND-DRIVEN  GENERATORS 

Both  the  Crocker  Wheeler  Company,  and  the 
Westinghouse  Electric  &  Manufacturing  Company, 
working  under  the  direction  of  the  Western  Electric 
Company  designed  and  manufactured  wind-driven  gen- 
erators for  radiotelephone  sets  used  on  the  airplanes. 
The  first  machines  were  supplied  to  the  Signal  Corps 
through  the  Western  Electric  Company  but  later  these 
were  supplied  to  the  Signal  Corps  direct.  These  ma- 
chines were  in  use  on  the  western  front  several  weeks 
before  the  armistice  was  signed. 

The  wind-driven  generator  designed  and  manu- 
factured by  the  Westinghouse  Company,  is  shown  in 
Figs.  7,  8,  and  9.  These  machines  are  hung  in  a  cradle 
on  one  of  the  landing  struts  of  the  plane  and  are 
driven  by  a  small  propeller  blade.     The  propeller  blade 
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FIG.    6 — PERFORMANCE    OF   DYNAMOTORS    USED    FOR    WIRELESS 
TELEGRAPHY 

A  higher  efficiency  is  obtained  when  the  noise  limitations 
are  removed. 

used  for  each  type  of  plane  is  chosen  so  as  to  give  a 
normal  operating  speed  of  approximately  6000  r.p.m. 
with  a  maximum  variation  of  from  3500  to  12  (xx> 
r.p.m.  The  total  weight  is  approximately  15  pounds. 
Ihe  machine  is  built  from  the  same  parts  as  the  dyna- 
motors,  the  difference  being  the  double  extended  arma- 
ture shaft,  spun  aluminum  streamline  front  and  tail 
casings,  and  the  special  type  of  die  cast  aluminum 
brushholders.  The  streamline  casings  are  fitted  tightly 
on  to  the  finished  brackets  and  make  the  generator 
weather  proof.  These  are  of  such  shape  as  to  offer  the 
least  wind  resistance. 

The  Signal  Corps  specification  issued  for  this  ma- 
chine in  January  191 7  called  for  a  15  pound  five  inch 
diameter  machine  capable  of  the  total  load  given  above 
for  constant  voltage  from  3500  to  14000  r.p.m.  Thi,s 
maximum  speed  requirement  was  later  reduced  to 
12000  r.p.m. 

In  addition  to  the  special  problems  involved  in  the 
dynamotor  design,  this  generator  presented  new  design 
difficulties  which  are  noted  below. 

Vibration — Excessive  vibration  on  the  plane  neces- 
sitates  extreme   care   in   construction.     Lock   washers 
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or  cotter  pins  are  used  on  all  screws  and  nuts.  Two 
brushes,  one  set  an  angle  with  and  one  against  the  rota- 
tion, with  brush  pressures  of  four  to  six  pounds  per 
square  inch,  are  used  in  each  brush  contact.  All  leads 
passing  through  the  brackets  or  frame  are  brought 
through  soft  rubber  bushings. 

Centrifugal  Stresses — The  specifications  called  for 
a  machine  capable  of  operating  at   14000  r.p.m.  mo- 


Several  thoiuaml  ui  thcM--  gL•lKldUll^  die  in  use  on  air- 
planes. The  driving  power  is  furnished  by  a  small  propeller. 
A  radio  telephone  set  supplied  with  power  from  one  of  these 
generators  has  a  range  of  from  10  to  20  miles  between  planes. 

mentarily  without  damage  to  the  machine.  With  an 
armature  3.125  inches  in  diameter,  14000  r.p.m.  means 
a  peripheral  velocity  of  over  two  miles  per  minute  and 
at  this  speed  the  problem  of  preventing  the  loosening 
of  the  armature  end  winding  is  quite  difficult.  This 
trouble  was  overcome  by  proper  banding  of  the  end 
winding  with  heavy  cotton  cord.  A  reinforced  lead  of 
extra  flexible  cable  is  used  between  the  fine  wire  coil 
ends  and  the  high-voltage  commutator  to  prevent 
breaking  at  this  point,  due  to  centrifugal  stresses,  or 
•expanding  and  contraction  from  heat  and  cold. 

J^iianrr  -Dynamic    balance    of    the    armature    is 


FIG.   8 — WIND    DRIVEN    GENERATOR    PARTS 

These  parts  are  the  same  as  those  used  for  the  dyna- 
motors  shown  in  Fig.  2,  except  for  the  double  extended  shaft, 
spun  aluminum,  front  and  tail  casings  ^  inch  thick,  and 
special  die  cast  brush  holders. 

quite  a  problem  in  such  high-speed  machines.  The 
greatest  possible  symmetrical  distribution  of  the  anna- 
tune  end  winding  together  with  proper  chain  cord 
banding  is  necessary.  Also,  it  is  necessary  that  the 
armature  be  held  in  a  vertical  position  during  the  dip- 
ping and  baking  process  in  order  to  insure  symme- 


trical distribution  of  the  impregnating  compound  in- 
side the  windings.  By  using  these  precautions  and 
giving  the  armature  a  static  balance  by  drilling  the 
armature  punchings  on  the  heavy  side  a  very  satisfac- 
tory product  is  obtained. 

Commutation  presents  a  more  serious  problem 
liere  than  in  the  dynamotors.  In  the  dynamotors  the 
motor  and  generator  armature  reactions  subtract  and 
tlie  ratio  of  armature  to  field  ampere-turns  remains 
practically  constant  for  a  given  load.  The  armature 
reactions  in  the  double-current  generators  add  and,  for 
a  constant-voltage  variable-speed  machine,  the  ratio  of 
armature  to  field  ampere-turns  increases  with  the  in- 
crease of  speed,  so  that  the  worst  commutation  is  ob- 
tained at  high  speed. 

Voltage  Regulation  is  the  most  difficult  problem 
encountered  in  the  design  of  a  machine  for  this  ser- 
\  ice.  Whatever  method  is  used  must  be  first  of  all  re- 
liable and  must  require  no  adjustment  or  attention  from 
the  operator.  At  first  a  vibrating  regulator  machine 
was  built  employing  a  system  of  regulation  which  is  now 


FIG.    9 — VACUUM     TUI;E    KLuUIAIOK    MciUXTIXG 

The  action  of  the  vacuum  tube  makes  possible  this  design, 
in  which  practically  constant  voltage  is  obtained  through  a 
speed  range  of  from  2000  to  14000  r.p.m.  Soft  sponge  rubber 
pieces  are  used  to  mount  the  regulator  on  the  machine,  in 
order  to  protect  it  from  vibration  as  much  as  possible. 

extensively  used  in  automobile  lighting  generators.  In 
this  system  a  resistance  is  cut  into  and  out  of  the  field 
circuit  by  means  of  a  magnet  actuated  by  a  shunt  coil 
connected  across  the  brushes.  The  pulsations  in  the 
field  flux  due  to  the  vibrating  contacts  produced  addi- 
tional noise  in  the  telephone  receiver  circuits,  and  this 
scheme  was  abandoned  for  the  system  described  below. 
A  very  ingenious  system  which  is  better  suited  to 
this  purpose  than  the  vibrating  regulator  scheme  was 
developed  by  Mr.  H.  M.  Stoller.  This  method  of 
regulation  was  adopted  and  used  on  all  wind-driven 
generators  for  radiotelephone  service.  The  regulation 
is  accomplished  by  the  use  of  a  vacuum  tube  and  a  dif- 
ferential field  which  are  connected  in  the  circuit  as 
shown  in  Fig.  10.  Excitation  is  provided  by  two 
shunt  coils.  One  of  these  is  the  main  field  winding 
and  is  built  for  operation  on  22  volts,  with  a  resistance 
of  15.5  ohms  and  a  normal  current  of  1.2  amperes.  It  is 
excited  from  the  low  voltage  commutator.  This  coil 
is  wound  in  one  section  and  mounted  on  one  pole  of  the 
generator,  filling  the  entire  available  winding  space.  The 
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other  slumt  coil,  which  is  wound  with  ver)'  much  hner 
wire  and  has  a  maximum  resistance  of  1430  ohmc,  is 
connected  differentially  to  the  main  coil  and  is  mounted 
on  the  other  pole,  also  filling  the  entire  winding  space. 
This  coil  is  excited  from  the  275  volt  commutator  and 
is  in  series  with  the  other  section  of  the  above  regulat- 
ing device.  The  impedance  of  this  section  of  the  de- 
vice varies  widely  throughout  the  speed  range  and  the 
differential  current  varies  from  about  0.020  amperes  at 
3500  r.p.m.  to  o.io  amperes  maximum  at  12  000  r.p.m. 

Locating  the  main  field  winding  on  one  pole  and 
the  differential  field  on  the  other  pole  reduces  their 
mutual  induction  and  renders  more  effective  the  damp- 
ing winding  which  is  necessary  to  prevent  hunting.  It 
is  also  simpler  from  a  manufacturing  standpoint. 

The  regulator  tube  is  mounted  on  the  commutator 
^nd  bracket  by  means  of  sponge  rubber  cushions  as 
shown  in  Fig.  9  and  is  enclosed  and  protected  by  the 
streamline  tail  casing. 

THEORY  OF  OPERATION  OF  VACUUM  TUBE  REGULATOK 
GENERATOR 

The  voltage  control  is  obtained  by  varying  the  field 
flux.  This  is  done  by  the  vacuum  tube,  the  character- 
istics of  which  are  shown  in  Fig.  11.     In  the  diagram, 


+  275  V  — 

'FIG.    10 — SCHEMATIC    DIAC-R.-MM    OF    CONNECTIONS    FOR    WIND    DRIVEN 
GENERATORS 

Showing  arrangement  of  generator  and  regulator  circuits. 
The  100  ohm  resistor  is  placed  around  the  main  field  to  prevent 
hunting. 

Fig.  10,  the  main  field  carries  the  filament  current  and 
the  differential  field  carries  the  plate  current.  The 
ampere-turns  of  the  differential  field  oppose  the  am- 
pere-turns of  the  main  field.  The  vacuum  tube  acts 
like  a  valve.  With  a  difference  of  potential  of  275 
volts,  between  the  plate  and  the  filament,  and  0.95  am- 
peres through  the  filament,  no  current  passes  from  the 
opiate  to  the  filament.  As  the  filament  current  increases 
the  filament  heats  up  and  a  current  passes  from  the 
plate  to  the  filament,  varying  with  the  filament  current 
as  shown  in  Fig.  11. 

At  3500  r.p.m.,  the  filament  current  is  1.2  amperes 
and  excepting  the  current  through  the  100  ohm  resistor, 
this  passes  through  the  main  field.  At  this  point  the  plate 
current,  Fig.  11,  which  passes  through  the  differeirtial 
field  is  0.02,  amperes.  Hence  at  3500  r.p.m.  the 
differential  field  is  just  beginning  to  act.  The  machine 
being  a  straight  shunt  machine,  the  terminal  voltage 
rises  as  the  speed  increases  and  this  increases  the  main 
•field  current.     From  Fig.  11  it  is  seen  that  a  slight  in- 


crease in  filament  current  (main  field)  causes  a  large 
increase  in  plate  (differential  field)  current.  Hence  as 
the  machine  speeds  up  the  resultant  excitation  obtained 
by  subtracting  the  differential  field  ampere-turns  from 
the  main  field-ampere  turns  (hence  the  resultant  field 
flux)  is  decreased  in  proportion,  (this  is  true  only  for 
the  unsaturated  part  of  the  magnetization  curve).  The 
result  is  practically  constant  voltage  throughout  the 
speed  range,  Fig.  12. 

The  differential  field  is  designed  so  that  with  maxi- 
mum permissible  plate  current  (about  1.45  amperes) 
the  differential  field  ampere-turns  equal  the  shunt  field 
ampere-turns.  Hence  at  this  point  there  would  be  no 
voltage  generated  and  the  machine  automatically  pro- 
tects itself.  In  the  present  design  the  differential  field 
develops  about  two-thirds  the  ampere-turns  of  the  main 
field  at  maximum  speed,  due  to  armature  reaction. 

In  Fig.  12  the  curve  "Percent  Resultant  Excita- 
tion" shows  that  the  resultant  field  excitation  does  not 
decrease  directly  as  the  speed  increases.     The  resultant 
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FIG.    II — CHARACTERISTICS  OF  VACUUM   TUBE  USED  FOR  REGULATION 
ON    WIND   DRIVEN   GENERATOR 

field  excitation  is  practically  constant  above  10  000 
r.p.m.  and  the  differential  action  above  this  point  is 
practically  all  due  to  the  demagnetizing  effect  of  the 
armature.  The  reduction  in  flux  due  to  the  armature 
is  caused  by  the  following: — 

1 — Distortion   caused   by   cross    magnetizing  armature 

ampere-turns.     This  increases  as  the  ratio  of  armature  to 

field  ampere-turns  increases. 

2 — Demagnetization    due    to    demagnetizing    armature 

amperes.    This    action    is    constant    throughout    the   speed 

range   for  a  given   load.    This  is  quite  important  as  the 

brushes  on  the  low-voltage  end  are  set  one  bar  ahead  of 

neutral. 

3 — Demagnetization  due  to  short-circuit  current  under 

the   brushes.    This  increases  directly  with  the  speed. 

The  brush  position  on  both  the  high  and  low  volt- 
age ends  is  very  important  in  determining  the  shape  and 
value  of  the  high-voltage  regulation  curve,  since  the 
magnetizing  effects  resulting  are  relatively  great  at 
high  speeds.  Four  variations,  all  of  which  are  due  to 
armature  magnetizing  effects,  can  be  obtained  as  fol- 
lows : — ■ 
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I — Keeping  the  high-voltage  brushes  on  neutral  and 
shifting  the  low-voltage  brushes  backward  raises  the  high 
voltage  and  lowers  the  low  voltage  at  high  speeds. 

2 — Keeping  the  high-voltage  brushes  on  neutral  and 
shifting  the  low  voltage-brushes  forward  lowers  the  high 
voltage  and  raises  the  low  voltage  at  high  speeds. 

3 — Keeping  the  low-voltage  brushes  on  neutral  and 
shifting  the  high-voltage  brushes  backward  lowers  the 
high  voltage  and  raises  the  low  voltage  at  high  speeds. 

4 — Keeping  the  low-voltage  brushes  on  neutral  and 
shifting  the  high-voltage  brushes  forward  raises  the  high 
voltage  and  lowers  the  low  voltage  at  high  speeds. 

The  operation  of  the  first  machines  built  was  un- 
stable because  of  hunting.  This  name  was  applied  to 
a  periodic  fluctuation  in  voltage  of  about  six  cycles  per 
second.  The  tendency  to  hunt  is  due  to  the  fact  that  if 
pulsating  power  is  applied  to  the  filament  circuit  of  the 
regulator  tube,  the  pulsation  of  the  temperature  lags  be- 
hind on  account  of  the  heat  capacity  of  the  filament. 
This  unstable  condition  was  produced  by  any  sudden 
change  in  speed  or  load.  It  was  found  that  this 
phenomenon  was  minimized  by  exhausting  the  vacuum 
tubes  properly.     It   was  also   found   that   each   of  the 
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FIG.    12 — CHAR.^CTERISTICS    OF    WIND    DRIVEN    GENERATOR 

With  differential  field  winding  and  vacuum  tube  regulator. 
The  ordinates  for  the  low-voltage  curve  are  one-tenth  the 
scale. 

following  means  checked  the  tendency  to  hunt  and  that 
by  employing  all  of  them  hunting  was  completely  sup- 
pressed. 

I — A  shunt  resistance  across  the  main  field. 
2 — Connection    of    regulator    filament    at    the    positive 
rather  than  at  the  negative  end  of  the  field. 

3— A   short-circuiting   damper   of   heavy   copper   strap 
around  the  main  field  pole  rather  than  both  poles. 

The  latter  two  are  the  most  important.  By  proper 
design  of  the  generator  the  100  ohms  shunt  can  be 
omitted. 

The  filament  of  the  regulator  tube  normally  oper- 
ates at  a  high  temperature,  and  melts  quickly,  opening 
the  field  of  the  generator,  in  case  of  excess  voltage  due 
to  any  cause  whatever.  Thus  the  regulator  filament 
acts  as  a  fuse  and  protects  the  generator  and  radio  ,';et 
from  overvoltage. 

Tests — Special  tests  are  necessary  to  insure  satis- 
factory operation  of  these  generators  after  installation 
on  the  plane.  These  are  given  in  the  following  order : — 
I— Each  machine  is  given  an  insulation  breakdown  test 

of    1500   volts    alternating-current    between    windings    and 

between  windings  and  ground. 


2 — Each  machine  is  run  one-half  hour  at  8000  r.p.m. 
at   full   load  and   then  given  an   overspeed   test  at   12000 

r.p.m.   for  one  minute. 

3 — The  brushes  are  then  set  to  give  the  performance 
specified  and   the   above  tests   repeated   four  times. 

4 — The  final  test  consists  of  a  cold  check  on  the  per- 
formance  of   the   machine   throughout   the   speed   range. 

5 — Noise  requirements  are  checked  by  comparison 
with  a  machine  used  as  a  standard  (Fig.  4)  supplemented 
by  the  trained  judgment  of  the  inspector. 

Throughout  these  tests  a  telephone  receiver  in 
series  with  1000  ohms  and  a  one  microfarad  condenser 
is  connected  in  the  circuit  and  if  a  failure  (such  as  an 
open  circuit  or  short-circuit)  occurs  in  the  machine,  its 
presence  is  made  known  by  excessive  noise  in  the  re- 
ceiver. 

A  short-circuited  or  open-circuited  armature  coil, 
even  though  it  does  not  affect  the  voltage  readings,  wilt 
produce  a  very  pronounced  click  in  the  receiver  which 
is  readily  recognized  by  an  experienced  observer. 
Sparking  at  the  commutator,  insufficient  seating  of  the 
brushes,  rough  commutator,  etc.,  each  produces  its 
characteristic  noise.  With  experience,  an  observer  is 
able  to  separate  the  individual  causes  of  noise  and 
criticise  any  defects  in  the  generator  under  test.  The 
voltage  characteristics  of  the  generator  are  showa  in 
Fig.  12. 

OTHER  TYPES  OF  RADIO  DYNAMOTORS  AND  GENERATORS 

In  addition  to  the  three  standard  machines  de- 
scribed above  a  number  of  types  have  been  made  'm. 
small  quantities.  Most  of  these  special  designs  have 
been  built  from  the  mechanical  parts  of  the  standard- 
machine,  except  for  the  windings  and  special  mount- 
ings. 

The  latest  types  of  wind-driven  generators,  which 
have  been  developed  for  the  Signal  Corps,  employ  a 
constant  speed  fan,  in  order  to  dispense  with  the  regu- 
lating device  and  the  undesirable  features  inherent  in  a 
variable-speed  machine.  The  generator  is  similar  tO' 
the  standard  generator,  except  for  the  armature  jmd 
field  windings  and  special  field  poles.  Variations  in 
temperature  within  reasonable  limits  affect  the  machine- 
very  little  as  the  magnetic  circuit  is  heavily  saturated. 

These  special  machines  are  wound  for  voltages  of 
500,  750,  and  1500,  and  are  all  self  excited.  In  the- 
1500  volt  generator  each  half  of  the  armature  is  wound, 
for  750  volts  and  the  two  commutators  are  connected. 
in  series.  A  20  volt  exciter  is  mounted  on  the  rear  end 
bracket.  One  special  dynamotor,  rated  at  0.4  amperes 
at  400  volts  is  used  by  the  navy  for  wireless  telephony- 
sets  with  a  range  of  about  50  miles. 

CONCLUSION 

The  solution  of  the  design  and  manufacturing- 
problems  involved  as  described  forms  an  interesting- 
chapter  in  the  history  of  the  war,  in  that  it  illustrates 
the  way  in  which  the  organization  of  a  peace-time  in- 
dustry was  applied  to  the  production  of  a  war-time  es- 
sential. It  is  only  within  the  scope  of  this  paper  to  (elf 
how  this  war  time  need  was  met  by  the  design  o*  a 
machine  which  would  meet  the  various  specifications 
and  yet  be  suitable  for  quantity  production  in  mininiun-s 
time. 
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SH(  )RT  range  radiotelephone  sets  were  used  ex- 
tensively by  both  the  Army  and  Navy  during 
the  last  few  months  of  the  war.*  These  were 
made  in  a  variety  of  different  forms,  including  airplane 
and  seaplane  sets,  ground  sets,  and  sets  for  submarine 
chasers  and  destroyers.  This  article  will  describe  one 
of  these  radiotelephone  equipments,  which  is  coded  by 
the  Signal  Corps  as  the  SCR-68  set.  It  was  designed 
for  airplane  use,  and  its  development  involved  many 
peculiar  difficulties  invoh'ing  noise,  vibration,  shocks  on 
landing,  etc. 

.ARRANGEMENT  OF  EQUIPMENT 

A  view  of  the  various  parts  of  the  equipment  is 
shown  in  Fig.  i.  A  wind-driven  generator,  located  on 
one  of   the  struts  of   the  landing  gear,   furnishes  the 


FIG.    I — AIRPLANE    RADIOTELEPHONE    EQUIPMENT 

power  supply,  which  is  led  through  a  filter  box  con- 
taining an  inductance  and  condensers  for  smoothing  out 
the  commutator  ripples.     The  power  is  then  led  to  the 


*The  success  of  the  airplane  radiotelephone  was  announced 
in  General  Squier's  report  on  "Aeronautics  in  the  United 
States"  presented  at  the  January  meeting  of  the  A.I.E.E.  The 
development  and  quantity  production  of  this  radioequipment 
within  the  limited  time  available  has  been  classed  as  one  of 
the  achievements  of  the  war.  The  work  was  undertaken  at 
the  direction  of  the  Radio  Development  Section  of  the  Signal 
Corps.  The  manufacture  of  the  radio  sets  was  assigned  to 
the  Western  Electric  Co.,  while  the  associated  power  equip- 
ment was  made  by  the  Westinghouse  Electric  &  Mfg.  Co.  and 
the  Crocker- Wheeler  Co.  The  paper  on  "Radio  Telephony" 
by  Messrs.  Craft  and  Colpitts,  presented  to  the  A.I.E.E.  in 
February  1919,  gives  a  summary  of  the  research  and  develop- 
ment work  of  the  American  Telephone  &  Telegraph  Co.  and 
the  Western  Electric  Co.  It  describes  the  demonstrations  in 
transatlantic  telephony  made  in  1915  and  1916,  the  subsequent 
use  of  radiotelephony  between  ships,  and  finally  the  quantity 
production  of  short  range  radiotelephone  sets  used  by  the 
Army  and  Navy  in  the  war. 


radio  set  proper  in  which  the  transmitting  and  receiving 
circuit  equipment  is  assembled.  The  two  plugs  shown 
at  the  lower  right  hand  side  of  the  set  lead  to  an  in- 
terphone box,  by  means  of  which  the  radio  operator 
may  also  talk  with  the  pilot,  using  an  ordinary  tele- 
phone circuit.  Usually  the  antenna  consists  of  two 
small  braided  copper  wires  trailed  from  the  wing  tips. 
When  flying  alone  so  that  there  is  no  danger  of  en- 
tanglement, there  is  some  advantage  in  using  a  single 
wire  about  300  feet  long  with  a  two  pound  lead  weight 
shaped  like  a  fish  attached  to  the  end.  Recent  devel- 
opments have  made  it  possible  to  employ  much  shorter 
antennae,  which  however  require  the  use  of  shorter 
wave  lengths.  Fig.  2  shows  a  pilot  and  observer  seated 
in  an  airplane  which  is  fitted  with  this  equipment.  The 
helmet  which  contains  the  receivers  is  designed  to  fit 
the  operator's  head  snugly  in   order  to  exclude  wind 


FIG.    2 — PILOT   AND   OBSERVER    WITH    RADIO   EQUIPMENT 

noises.  It  was  found  necessary  to  have  the  helmet 
cover  completely  the  bony  parts  of  the  head  so  as  to 
prevent  transmission  of  noise  to  the  ear  drums. 

RADIO  SET 

The  outside  and  inside  appearance  of  the  radio  set 
proper,  which  contains  the  transmitting  and  receiving 
tubes  with  their  auxiliary  circuit  equipment,  is  shown 
in  Figs.  3  and  4.  A  schematic  diagram  of  the  trans- 
mitting circuit,  is  shown  in  Fig.  5,  which  consists  of 
two  three-element  vacuum  tubes  connected  to  an  in- 
put transformer  operated  by  a  microphone  telephone 
transmitter.  The  oscillator  tube  feeds  an  oscillation 
circuit  in  which  the  inductance  is  supplied  by  the 
antenna  coil  and  part  of  the  capacity  by  the  antenna. 

When  the  transmitter  is  actuated  there  is  a  certain 
normal  value  of  voltage  impressed  upon  the  grid  of  the 
modulator  tube,  this  value  being  adjusted  until  the 
plate  current  of  the  modulator  is  about  the  same  as 
that  of  the  oscillator.     The  characteristic  curve  of  the 
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transmitting  tube,  Fig.  7,  shows  that  as  the  grid  be- 
comes more  negative,  the  plate  current  decreases  at 
constant  plate  voltage,  and  with  positive  grid  voltage 
U  increases.  This  may  be  described  by  saying  that 
ihe  resistance  of  the  plate  circuit  may  be  varied  by 
varying  the  grid  voltage.  An  inspection  of  the  curve 
shows  that  this  variation  may  be  from  a  very  high 
value  to  a  small  value  for  positive  grid  voltages.  The 
transmitter  voltage  acts  upon  the  grid  of  the  modula- 
tor and  causes  the  resistance  of  the  plate  circuit  to 
\-ar}-  through  a  wide  range  in  accordance  with  the 
speech  voltage.  Since  this  circuit  shunts  tfie  plate  cir- 
cuit of  the  oscillator  tube  (at  audio  but  not  at  radio 
frequencies)  the  oscillator  will  be  robbed  of  current  or 
have  additional  plate  current  forced  through  it  in  ac- 
cordance with  the  speech  voltage.  It  is  seen  that  this 
system  is  essentially  a  constant  current  system,  since 
it  is  supplied  through  a  low  frequency  choke  coil,  the 
functiiin   nf   which   is   to   maintain   practically  constant 


proved  to  be  a  consid'erable  problem  in  itself,  as  it  was 
necessary  to  secure  constant  voltage  over  a  range  of 
speed  from  4000  to  12000  r.p.m.,  which  corresponds  to 
an  airplane  speed  range  up  to  160  miles  per  hour.  In 
addition  to  all  of  the  ordinary  requirements  for  power 
equipment  there  was  the  additional  requirement  of  fur- 
nishing current  free  from  commutator  ripples  and 
brush  noise.  The  regulation  was  accomplished  by 
means  of  a  vacuum  tube  regulator  while  the  noise  was 
suppressed  b)^  means  of  special  generator  design  and 
the  use  of  a  filter.  Fig.  9  shows  its  appearance  with 
the  "stream  line"  tail  removed. 

GENERATOR    PROPELLER 

The  generator  propeller  is  built  of  birch  mounted 
on  an  aluminum  hub,  and  has  a  weight  of  about  14 
ounces.  It  is  essentially  an  air  screw  similar  to  the 
engine  propeller,  except  that  it  runs  with  a  small  slip 
below   synchronous   speed*   while   the   engine   propejier 
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current  to  the  two  tubes  no  matter  how  the  plate  cur- 
rents may  vary  individually. 

A  ccjinplete  schematic  circuit  of  the  set  is  given  in 
l'"ig.  ().  .V  multibladed  switch,  the  handle  of  which  is 
shown  in  Fig.  3,  is  used  to  make  the  necessary  circuit 
changes  between  transmitting  and  receiving.  As  all 
adjustments  may  be  made  on  the  ground,  this  switch- 
ing is  the  only  manipulation  required  by  the  operator. 
The  handle  is  designed  for  use  with  a  heavily  gloved 
hand.  The  receiving  circuit  consists  of  a  detecting 
lube  and  two  stages  of  amplification,  being  similai  in 
I)rinciple  to  the  receiving  circuits  in  common  use  in 
telegraph  sets.  The  characteristics  of  the  receiving 
lube  are  shown  in  Fig.  8.  The  battery  which  furnishes 
Iilate  current  for  the  receiving  tubes  is  mounted  in  the 
radio  set  and  is  made  up  in  two  22.5  volt  units  each 
weighing  a  little  over  a  pound.  These  units  are  com- 
posed of  15  small  dry  cells.  The  complete  transmitting 
and  receiving  set  is  approximately  17  by  10  by  7  inches 
and  weighs  21  pounds. 

GENERATOR 

The  wind-driven  generator  furnishes  plate  voltage 
at  from  275  to  300  volts  and  filament  voltage  at  from 
25    to    30    volts.     The    development    of    the    generator 


in;.    4— INSIDE   VIEW   OF   SET 

runs  somewhat  above  synchronous  speed.  Fig.  10 
shows  the  characteristic  curves  of  a  propeller,  having 
a  pitch  of  0.80.  These  were  taken  in  a  wind  tunnel  at 
the  Washington  Navy  Yard.  The  no  load  speed  is 
e.xactly  proportional  to  the  first  power  of  the  wind  ve- 
locity as  seen  by  comparing  the  curves  for  50  and  60 
miles  per  hour.  The  point  of  maximum  power  is 
roughly  proportional  to  the  cube  of  the  wind  velocity. 
This  might  be  expected  from  the  fundamental  consid- 
eration that  the  kinetic  energy  of  a  cubic  foot  of  ah'  is 
proportional  to  the  square  of  the  velocity  while  the 
number  of  cubic  feet  striking  the  propeller  per  second 
is  proportional  to  the  first  power  of  the  velocity. 

As  the  wind  tunnel  was  not  equipped  to  give  higher 
wind  velocities,  no  information  was  obtained  as  to  the 
velocity  range  over  which  the  above  stated  laws  would 
hold.  It  was  not  convenient  to  take  such  measure- 
ments on  an  airplane,  but  our  experience  gives  us 
reason  to  believe  that  the  laws  hold  over  the  entire 
range  up  to  the  maximum  velocity  of  which  the  air- 
plane was  capable. 


*Thc  synchronous  speed  may  be  defined  as  the  speed  at 
which  no  power  would  be  taken  from  or  delivered  to  the  air 
rurrenl. 
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The  centrifugal  stresses  in  the  propeller  blades 
were  considerable.  A  testing  machine  was  constructed 
which  showed  that  propellers  made  with  properly- 
selected  wood  could  be  safely  operated  at  12  000  r.p.m. 
It  was  later  found  possible  to  employ  propellers  of 
somewhat  greater  pitch  thus  reducing  the  normal  speed. 

PERFORMANCE 

The  complete  radio  equipment  is  designed  for  short 
range  communication  over  distances  of  a  few  miles 
only,  although  it  has  been  used  up  to  distances  of  18 


coil  is  employed  in  the  receiver  filament  circuit  which 
suppresses  these  disturbances.  In  addition,  the  two 
condensers  in  Fig.  6  are  connected  across  the  generator 
armature  leads  and  assist  by  partially  absorbing  the 
commutator  ripples.  These  condensers  together  v«ith 
the  choke  coil  are  mounted  separately  in  the  filter  box. 

TRIAL   FLIGHT 

The  writer  has  a  very  distinct  recollection  of  the 
first  flight  in   which  he  talked  by   radiotelephone.     It 


FIG.    5 — SCHEMATIC    DIAGRAM    OF    MODULATION    SYSTEM 

miles  under  very  favorable  conditions.  Adjustments 
are  provided  which  permit  the  use  of  wave  lengths 
from  200  to  500  meters.  The  power  output  to  the 
antenna  at  a  wave  length  of  400  meters  with  a  single 
wire  antenna  300  feet  long  is  about  0.75  watt  It  is 
interesting  to  note  that  out  of  this  0.75  watt  radiated, 
the  power  received  by  another  set  three  miles  away 
would  be  of  the  order  of  lO""*  watts. 

Ordinarily  there  is  no  trouble  from  atmospheric 
static  owing  to  the  use  of  such  short  wave  lengths. 
However,  the  ignition  system  of  the  airplane  engine 
sets  up  electrostatic  disturbances  which  produce  a  very 
shai-p  crackling  in  the  receiver  unless  the  ignition  v/ir- 
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FIG.    7 — CHARACTERISTICS    OF    TRANSMITTING    TUBE 

was  on  April  12,  1918,  at  Langley  Aviation  Field, 
Virginia.  Previous  flights  had  been  made  with  spe- 
cially built  models  of  the  radio  set  but  this  was  one  of 
the  first  trials  of  a  tool-made  set  representative  of 
quantity  production.  The  purpose  of  the  flight  was  to 
observe  the  operation  of  the  set  and  note  any  defects. 
We  climbed  into  the  plane,  put  on  the  receiver 
helmets,  adjusted  the  breast  transmitters  and  strapped 
ourselves  in.  While  the  engine  was  being  given  a  pre- 
liminary spin  on  the  ground  to  warm  it  up,  we  talked 


FIG.   6 — SCHEMATIC    CIRCUIT    DIAGRAM — RADIO    TELEPHONE 
TRANSMTTING   AND   RECEIVING   SET 

ing  is  properly  shielded  by  a  grounded  metal  sleeving. 
There  is  also  a  certain  amount  of  noise  due  to  the  gen- 
erator commutation  ripples.  When  transmitting,  the 
ratio  of  the  amplitude  of  these  disturbances  to  the 
amplitude  of  the  transmitted  signal  is  sufficiently  low, 
but  as  the  received  signal  is  extremely  minute,  a  very 
small  commutator  ripple  will  be  comparable  to  the 
scrength  01  the  voice  current.     For  this  reason  a  choke 
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FIG.   8 — CHARACTERISTICS    OF    RECEIVING   TUBE 

over  the  interphone  to  make  sure  that  it  was  in  working 
order.  We  then  went  down  to  the  end  of  the  aviation 
field  and  made  a  half  circle  back,  climbing  gradually. 
The  high  pitched  note  due  to  the  revolutions  of  the 
wind-driven  generator  could  be  heard  above  the  low 
pitch  of  the  engine  propeller,  and  by  looking  through 
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the  transparent  windows  at  the  filaments  of  the  tubes 
in  the  set,  it  was  evident  that  the  power  supply  was 
working  satisfactorily.  The  pilot  then  interphoned  to 
let  out  the  antenna.  After  making  the  required  num- 
ber of  turns  to  let  out  300  feet,  the  switch  of  the  radio 
set  was  placed  in  the  transmit  position. 

One  of  the  difficult  things  is  to  know  what  to  say 
on  occasions  of  this  sort.  The  only  requirement  is  to 
talk,  so  that  all  sorts  of  subjects  were  discussed.  I  de- 
scribed the  river,  which  was  stretched  out  about  3000 
feet  below  and  the  white  oyster  shell  roads  which  are 
the  bane  of  automobilists  along  the  Virginian  coast. 
Mr.  A.  A.  Oswald,  also  of  the  engineering  department, 
of  the  Western  Electric  Co.,  had  in  the  meantime  gone 
up  in  another  plane,  and  was  listening.     After  talking 


FIG.    9 — WIND    DRIVEN    GENERATOR 

for  a  few  minutes  I  said,  "Good-by,  Oswald,  come  in 
now",  and  threw  over  to  the  receiver  position.  I  could 
hear  the  "spit",  "spit"  of  the  magneto,  for  we  had  not 
as  yet  found  out  how  to  shield  the  wiring,  and  I  could 
also  hear  the  commutator  noise  of  the  generator.  A 
moment  later  I  heard,  "Hello,  Stoller"  coming  into  the 
receiver,  and  I  must  say  that  in  spite  of  the  fact  that  I 
had  used  these  sets  on  the  ground  and  was  expecting  it, 
the  sudden  sound  of  a  human  voice  which  I  clearly 
recognized  gave  me  quite  a  start.  It  happened  that  we 
were  not  over  two  miles  apart  at  the  moment  and  with 
the  antennas  in  a  favorable  position,  so  that  the  words 
were  heard  quite  loudly.  Mr.  Oswald  said  that  he  had 
heard  me  distinctly,  and  then  told  me  to  have  my  pilot 


turn  the  plane  down  toward  Old  Point  Comfort  and  he 
would  go  up  the  James  River.  We  would  then  report 
to  each  other  where  we  were  from  time  to  time  and 
thus  determine  the  range*  of  the  set  between  airplanes. 
We  thus  talked  back  and  forth  for  about  three- 
quarters  of  an  hour.  The  maximum  range  attained  at 
that  time  was  eighteen  miles  for  a  one-way  conversa- 
tion, for  it  was  found  on  switching  back  again  that  the 
speech  had  become  too  faint  to  be  distinguished.  We 
then  turned  around  to  go  back  to  the  aviation  field. 
We  were  now  flying  at  a  height  of  about  4000  feet,  at  a 
speed  of  about  80  miles  an  hour.  Suddenly  the  pilot 
shut  off  the  engine  tipping  the  plane  down  at  an  angle 
of  about  45  degrees,  and  I  could  then  hear  very  dis- 
tinctly the  singing  note  of  the  generator  propeller.  The 
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*Thc   range   is   about   50   percent   greater   between   planes 
than  between  a  plane  and  ground  for  a  two-way  conversation. 


FIG.    10 — CHARACTERISTIC    CURVES    OF    I5    INCH    PROPELLER 

Tested  with  300  watt  generator, 
pilot  then  turned  on  the  engine,  keeping  the  nose  of 
the  plane  tilted  downward,  when  the  pitch  of  the  wind- 
driven  generator  could  be  heard  rising,  indicating  that 
we  were  moving  at  a  very  high  speed  for  this  type  air- 
plane, probably  well  over  a  hundred  miles  an  hour. 
The  filaments  in  the  set  could  be  seen  at  their  normal 
brilliancy,  which  showed  tliat  the  generator  was  regu- 
lating properly  at  this  high  speed.  We  were  now  ap- 
proaching the  aviation  field,  and  the  antenna  was  reeled 
in.  We  proceeded  until  we  were  directly  over  the 
hangars  and  then  the  pilot  made  a  spiral  for  the  last 
2000  feet,  and  glided  down  very  smoothly  in  front  of 
the  hangars.  We  found  out  that  our  conversation  had 
been  picked  up  during  the  first  half  hour  of  our  trip  by 
the  ground  set  located  in  one  of  the  hangars. 
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IF  FIVE  YEARS  ago  someone  had  predicted  that 
more  than  half  a  million  dollars  worth  of  portable 
lamps  would  be  sold  in  a  year  in  one  retail  store, 
he  would  probably  have  been  regarded  in  T.  R.'s  his- 
toric phrase,  as  an  "out-patient  of  Bedlam."  But, 
nevertheless,  we  are  living  in  such  an  age  and  that  and 
more  is  being  done  today  in  the  Electric  Shops  of  the 
Commonwealth  Edison  Company,  Chicago.  Large  lamp 
displays  in  sales  rooms  of  electric  light  companies  are 
becoming  more  popular  each  year  because  they  are 
realizing  that  the  aggregate  sale  of  portable  lamps 
means  a  large  added  consumption  of  electric  current 
each  year. 

Some  people  remark  that  in  selling  a  lamp  a  cus- 
tomer often  discontinues  the  use  of  the  permanent  fix- 
ture and,  therefore,  there  is  no  added  consumption. 
But  we  cannot  agree  with  such  a  statement,  because  al- 
though a  customer  may  discontinue  the  use  of  the  fix- 
ture, yet  we  have  found  that  they  have  replaced  it 
with  the  use  of  two  or  three  lamps,  thereby  addin.^  .so 
much  to  the  decorative  value  of  the  room  and  generally 
increasing  the  consumption  about  three  fold.  This  in- 
creased consumption  means  very  little  to  the  pocket 
book  of  the  consumer,  who  has  obtained  the  correct 
lighting  for  which  he  has  been  looking.  As  he  sits  back 
in  his  easy  chair  and  comfortably  reads  the  evening 
paper,  he  blesses  the  electric  light  company  for  the 
ever-ready  service  which  he  has  at  his  command. 

The  Commonwealth  Edison  Company  has  provided 
a  floor  space  of  approximately  loooo  square  feet  for 
the  special  display  of  portable  lamps,  shades  and  hx- 
tures,  and  as  time  rolls  on  no  doubt  a  greater  space  will 
be  needed  to  handle  the  ever-increasing  sales.  This  dis- 
play is  generally  recognized  throughout  the  trade  as  be- 
ing the  most  complete  and  well  arranged  display  in  the 
country,  showing  at  all  times  approximately  150  fioor 
lamps,  250  table  lamps,  75  fixtures,  100  desk  and 
boudoir  lamps,  etc.  We  have  an  average  attendance  of 
five  thousand  people  per  day,  but  in  spite  of  this  large 
attendance,  if  it  were  possible  to  get  authoritative  data 
as  to  the  number  of  people  in  the  city  that  are  not  using 
a  single  elecric  table  lamp  in  their  homes,  the'  figures 
would  doubtless  be  surprising. 

What  is  the  reason  for  this  ?  The  majority  of  cus- 
tomers (we  will  estimate  them  at  80  percent)  of  an 
electric  lighting  company  are  people  in  moderate  cir- 
cumstances, in  many  cases  with  a  fair  sized  family, 
who,  have  to  count  upon  practically  all  of  their  earn- 
ings to  meet  their  living  expenses  each  week.  At  the 
end  of  the  week,  after  paying  the  grocer,  milkman, 
butcher  etc.,  they  find  they  have  only  a  dollar  or  two 
remaining  that  has  not  been  eaten  up  in  the  high  cost 


of  living,  and  which  they  might  invest  in  some  house- 
hold necessity  if  they  could  find  something  that  was 
attractive  but  inexpensive. 

Portable  lamps  have  in  the  past  been  generally 
looked  upon  as  an  expensive  luxury,  ranging  in  price 
from  $25  upwards.  Mr.  E.  A.  Edkins,  general  man- 
ager of  our  Electric  Shops,  realized  this  and  also  that 
there  would  be  a  large  demand  for  a  low  priced  but  at- 
tractive lamp,  and  he  was  instrumental  in  gathering  to- 
gether a  number  of  sales  managers  representing  various 
central  stations  who  agreed  to  underwrite  the  output  of 
certain  products.  In  co-operation  with  an  eastern  lamp 
manufacturer,  they  designed  a  portable  lamp  which,  if 
manufactured  in  large  quantities,  could  be  sold  al  a 
price  that  would  place  one  in  every  home.  The  result 
was  the  experimental  production  in  1918  of  a  two  light 
portable  lamp  with  a  16  inch  Shade  for  $6.75,  and  this 
year  the  underwriters  have  ordered  30000  lamps  of  a 
new  and  much  more  attractive  design  that  will  retail  at 
$9.75.  This  lamp,  if  manufactured  in  small  quantities, 
would  have  to  be  sold  for  about  $18. 

The  Commonwealth  Edison  Company  has  not  only 
increased  their  sales  in  the  Electric  Shops  by  thous- 
ands of  these  moderate  priced  lamps,  but  has  also 
helped  educate  the  Chicago  public  in  the  value  of  cor- 
rect and  decorative  lighting,  and  also  increased  the  con- 
sumption of  its  principal  product — electricity.  The 
portable  lamp  of  today  is,  therefore,  looked  upon  as  an 
essential  in  the  home  and,  in  fact,  one  of  the  very  first 
things  the  housewife  does  in  furnishing  the  home  is  to 
figure  on  laying  aside  a  stipulated  sum  of  money  for 
electric  lamp  furnishings. 

During  the  year  191 8  we  added  approximately  5000 
kw  of  rated  capacity  to  the  lines  through  the  sale  of 
portable  lamps  and  expect  to  double  that  figure  during 
1919.  The  same  results  are  possible  with  other  utility 
companies.  Our  company  entered  the  retail  electrical 
merchandising  business  in  a  modest  way  but,  with  cor- 
rect buying  policies  and  progressive  sales  methods,  we 
have  been  able  to  develop  our  business  into  one  of  the 
largest  of  its  kind  in  the  world.  Last  year  we  con- 
ducted a  washing  machine  campaign  and  with  each 
sale  we  gave  as  a  premium  a  library  table  lamp  and  an 
electric  iron.  The  total  consumption  of  these  articles 
is  approximately  800  watts,  and  we  sold  approximately 
1000  of  these  machines  during  the  last  three  months  of 
1918.  This  year  we  are  aiming  to  sell  3000  washing 
machines,  giving  with  each  sale  a  mahogany  finished 
floor  lamp  and  silk  shade  which  involves  the  sale  of 
$450  000  worth  of  merchandise  with  a  total  wattage  of 
810  000. 

When  the  Electric  Shop  was  opened,  many  people 
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referred  to  its  chances  for  success  in  a  pessimistic  man- 
ner. To  occupy  so  large  a  space  for  the  sole  display  of 
electrical  merchandise  was  an  undertaking  that  had 
never  been  attempted  before,  and  many  people  predicted 
failure.  That  we  have  more  than  doubled  the  space  of 
the  original  Electric  Shop  in  the  past  two  years  is,  evi- 


dence of  its  success.  During  the  year  1918  the  Electric 
Shops  sold  over  $1000000  worth  of  electrical  mer- 
chandise, of  which  approximately  $400  000  was  portable 
lamps  and  at  a  handsome  net  profit.  That  was  at  a 
time  when  many  other  concerns  would  have  considered 
it  a  good  year  if  they  had  achieved  an  even  break. 


Es^ojiilal^  of  "rj'aiBxoriiiOi^  Practlce-XXIi 
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.i^'ause  'Transfoarrnndow  vn'Cx\  .A'ltotrnnsferrneir.s 

E.  G.  Reed 
ITH   two-winding  transformers   the   Scott   con-  Substituting   this    value    of   I^   in   equation    (1), 

nection  is  the  most  desirable  arrangement  for  gives, — 


securing  a  three-phase  to  two-phase  trans 
formation,  and  with  autotransformers  the  connection 
still  retains  its  advantages.  There  are  three  cases  to 
be  considered  when  analyzing  this  transformation  for 
autotransformers. 


-(1 


'  +  J  0.37 


7~i^.)  -^<iD 


-WHEN    THE    TWO-PHASE    VOLTAGE    IS    GREATER    THAN 
86.6    PERCENT   OF   THE    THREE-PHASE   VOLTAGE 


=>j(t-o+''^^^(ty' ''' 

The  current  in  the  remaining  part  of  the  main 
autotransformer  is  aA,  whose  value,  in  terms  of  Igo, 
is  given  in  equation  (2).  The  sum  of  the  products 
of  the  voltage  and  current  in  the  two  parts  of  the 
Fig.  I  shows  two  autotransformers,  connected  for  main  autotransformer  winding  gives  its  k.v.a.  rating  as 
this  transformation.  A  condition  of  balanced  load  is  follows: — 
assumed  in  order  to  simplify  the  problem.  In  de- 
termining the  k.v.a.  rating  of  the  autotransformers, 
it  is  necessary  to  know  the  currents  in  the  various 
parts  of  the  windings.  The  currents  whose  values 
are  not  obvious,  are  /fa  and  /bf.     From  Fig.  i, — 

/f,l    =    /,ID    -I-    /„A 


A'.  V.  a.  0/  Jiniin  auto 


The  total  k.v.a.  transformed  = 
2  E:  /,„ 
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FIG.    I — CONNECTIONS      FOR     THE     CASE     WHERE     THE     TWO-PHASE 

VOLTAGE    IS   GREATER  THAN   86.6   PERCENT  OF  THE 

THREE-PHASE   VOLTAGE 

The  phase  relations  of  these  currents  are  shown 
in  Fig.  2,  and  the  numerical  value, — 

/i.i  =   —  /.111  -f  /ha  (rai.?rt"  -\-j  sill  ;o") 

Since  the   cosine  of  30  degrees  is  0.866  and  the 
sine  of  30  degrees  is  0.5. 

/..I    =    -  /.ID  -I-  0M6  /,A    +  /  o.^   /,, (/) 

The  next  step  is  to  secure  an  expression   for  /ja 
in  terms  of  Iad- 

K .  V.  It.  liansfonncd 


FIG.    2 — PHASE  RELATIONS   FOR  THE  CONNECTIONS   SHOWN   IN   FIG.   I 

Then, — 

A'.  V.  a.  of  main  auto 


K .  V.  a.  tianaforiiicd 


From  Fig.  i, — 


.(6) 


and 


A 


All.  = 


1-73    E:; 

A".  :\  a.  transformed 


Combining  these  two  equations  gives, — 

2       E-. 
A. A  =  ^-z^  7=^  All, 


/./-.,'    E, 


■  W 


and  since 

Ei~  Ti 

Therefore, — 

A'.  V.  a.  of  teaser  auto  =  2  (Ei  — 
and, — 

A'.  V.  a.  oj  teaser  auto  0.S66 

11:. 


K.  V.  a.  transformed 


0.S66  Ei)-  7,11, 
(7) 
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Equations  (6)  and  (7)  give  the  total  k.\-.a.  rat- 
ing of  the  autotransformers,  and  to  put  them  on  the 
same  basis  as  for  a  two-winding  transformer,  the 
expressions  must  be  divided  by  two.  Therefore, 
equations  (6)  and  (7)  become, — 
K.  V.  a.  oj  transformer  f^arts  required  for  main  auto 


K.v.a.  trans/ormed 


{v(i-')"+'-(W--('-t)l 


, .  (S) 


FIG.    3 — CONNECTIONS      FOR     THE     CASE     WHERE     THE     TWO-PHASE 

VOLTAGE   IS    LESS   THAN  86.6   PERCENT  OF   THE 

THREE-PHASE   VOLTAGE 

A',  i'.  a.  of  transformer  parts  required  for  teaser  auto 

K.  V.  a .  trans/'oi  ined  ~ 


..{('=^)}. 


Example — What  is  the  ratio  for  the  main  and  teaser  auto- 
Iransformers  of  the  k.v.a.  rating  of  the  transformer  parts  re- 
juired  to  the  k.v.a.  transformed,  for  a  ratio  of  transformation 
of  2300  vohs  three-phase  to  2300  voUs  two-phase? 
E.    _ 

For  this  case,  -p —  —  i,  and  from  equation   (8), — 

A',  'e.  a.  of  transformer  farts  required  for  main  auto 

A'.  V.  a.  transformed  ~ 

y\V  {^^^^'^TT'^^S  +  '-154  U  -  '}]   =  '■■-'// 
Also,  from  equation   (9), — 
A'.  !'.  a.  of  tran-iformer  parts  required  for  teaser  auto 

K.v.a.  transformed  ~ 

H  (/  —  H.S66)   =  0.06/ . 

2 — WHEN   THE   TWO-PHASE   VOLTAGE   IS   LESS   THAN    86.6 
PERCENT    OF    THE    THREE-PHASE    VOLTAGE: 

Fig.  3  shows  the  two  autotransfonnerr,  connected 
for    this    condition.     Evidently,    the    conditions    relat- 


FIG.    4 — COXXECTIDNS      FOR      THE      CASE      WHERE     THE     TWO-PHASE 
VOLTAGE    IS    GREATER    THAN    THE    THREE-PHASE    VOLTAGE 

ing  to  the  main  autotransfonner  are  the  same  in  this 
case  as  in  the  preceding  one,  but  are  different  for  the 
teaser.     The  current  /,„  is  determined  as  follows : — 
T-,  /,„  =  {0.S66  Tx  -  7.)  /„  \ 

The  k.v.a.  of  teaser  autotransfonner  = 
(o  S6f.  E,.       \ 


.Substituting  the   \'alue  of  /aA    from   C(|uation    (2) 
gives, — 

K.v.  a.  of  teaser  auto  =  2  (     Sf>h  F  ■  ~  '/  ^'-  '''" ""^ 


By  the  use  of  equation   (5),- 
f\.v.a.  of  teaser  auto  fii 

A'.  I'.a.  trafisformed    ~     '  -''A,, 


(//) 


Putting  this  relation  on  the  same  basis  as   foi    a 
two-winding  transfonner  it  becomes, — 
A",  -e.  a .  of  transformer  parts  required  for  teaser  auto 


f\'.v.a.  tiansformed 
'■'54Jfz-') 


,  (/.=■) 


Example — What  is  the  ratio  for  the  main  and  teaser  auto- 
transformers of  the  k.v.a.  rating  of  the  transformer  parts  re- 
quired to  the  k.v.a.  transformed,  for  a  ratio  of  transformation 
»f  2200  volts  three-phase  to   1800  volts  two-phase? 


For  this  case 


E3 


078  and  from  equation    (8), — 


A'.  <'.  II.  of  tra'ist'ormer  parts  required  for  main  auto 
A'.  V.  a.  transfoi  med 

'4fi    ('"■A'^'  -  /)-  +  ".7.v;  [o  /Sy-  +  /.//y  (V  -  ". 


V)      =  ojSS 
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II i 

FIG.    5 — EFFECT      (IF      VOLTAGE      R.VTIO      O.M      TR.\  XSFOR.VI  Eli      CAPACITY 
REQUIRED 
The  ordinates   represent   the   raticj  of  k.v.a.  of   transformer 
parts   rc(|uired   to   the  k.\'.a.   transformed. 

and  from  equation  (12), — 
A',  e'  a.  of  transformer  parts  required  for  >easei  auto 

A'.  Z'.  a.  trans/ormed  ~ 

,'i   \_i-'54  X  o.jS  —  /]  =().f)5 

3 — WHEN    THE    TWO-PHASE    VOLTAGE    IS    GREATER    THAN 
THE    THREE-PHASE   VOLTAGE 

An  analysis  of  this  case,  the  arrangement  of 
which  is  given  in  Fig.  4,  shows  that  the  current  Aa 
is  the  same  as  the  current  /td  in  equation  (3).  The 
current  in  the  outer  ends  of  the  main  autotransfoiirer 
is  the  two-phase  current,  /^d.  The  k.v.a.  of  the  main 
autotransformer  is,  therefore, — 
A'.  V.  a.  of  main  auto  = 

{  \'(§ -')'  +  "--(  fey  ^^^  +  (/^.-/r.)}/„n Uj) 

or 

A'.  V.  a.  of  main  auto 
A'.  z\  a.  transformed   ~ 

Putting  this   relation   on   the  same  basis  as   for  a 
two-winding  transformer  it  becomes, — 
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A'.  :■.  a.  o/  iyatisfonner  fiarts  required  for  main  aulo 
K .  v.  a.  transformed 


\('-iy+"--+('-i) 


■  (/..-) 


For  this  case  the  relation  of  the  k.v.a.  of  the 
leaser  autotransformer  to  the  k.v.a.  transformed  is 
the  same  as  that  shown  in  equation   (g). 

Example — What  is  the  ratio  for  the  main  and  teaser  auto- 
transformer, of  the  k.v.a.   rating  of  the  transformer  parts  re- 
Tiiired  to  the  k.v.a.  transformed,  for  a  ratio  of  transformation 
nt  2300  volts  three-phase  to  2500  volts  two-phase? 
E,      _       ' 

For  this  case,    p "      —   i.og,   and    for   the   main   autotrans- 
former, from  equation   (15), — 


A',  i'  II.  of  transformer  parts  required  for  main  aulo 
K .  V.  a.  transformed 

^  { \i  {'—7^y + " '- + 0-^) } = ''•^^^ 

and  from  equation   (9), — 
A'.  ;■.  a .  of  transformer  parts  required  for  teaser  auto 
A',  r.  a.  transformed 

/         0.S66  \ 

Fig.  5  shows  the  variation  of  the  k.v.a.  of  trans- 
former parts  required  to  the  k.v.a.  transformed  for 
both  the  main  and  teaser  autotransformers,   for  ratio 

of  transformations -7^- ,  ranging  from  o.s  to  I.S. 

/•  .'00  1'  •! 


5taiiclai^l  Aiitoidadc  ^trb^tatioa  TCq^ipuiOiii: 


R.  J.  Wensley 

EyUIPMENT  for  the  automatic  operation  of 
synchronous  converter  substations  in  railway 
service  has  now  passed  the  semi-experimental 
stage  and  is  considered  as  a  successful  means  for  the 
leduction  of  operating  costs  for  electric  railways. 
Standard  apparatus  is  available  for  the  operation  of 
six-phase,  25  and  60  cycle,  600  volt,  self  starting  con- 
verters in  300,  500,  750,  1000,  and  1500  kilowatt  capaci- 
ties. These  may  be  with  or  without  commutating  poles, 
in   the   first   case  being  equipped   with   a   motor-driven 
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brush  lifting  device.  .Machines  of  i_'oo  volts  mav  also 
be  provided  with  automatic  comrol,  although  this  has 
not  been  standardized. 

Automatic  control  can  also  be  successfully  applied 
to  motor-started  rotary  converters,  synchronous  and  in- 
duction motor-generator  sets,  synchronous  condensers, 
and  hydroelectric  generator.s. 

In  the  development  of  the  standard  a])])aratus,  cer- 
tain detail  changes  have  been  m;ide  in  the  initial  equip- 
ment.*    Every  attempt  has  been  made  to  simplify  the 


ripparatus   by   the   elimination   of    relays   and   interlock 
contacts  wherever  possible. 

The  standard  equipment  consists  of  the  following 
;,pparatus : — 

I — A  master  relay  panel,  as  shown  by  Fig.  I,  which  may 
be  considered  as  the  brains  of  the  control. 

2 — \x\    alternating-current    panel    carrying    the    starting, 
running  and  field  switches,  F'ig.  2. 

3 — A  group  of   direct-current   contactor  panels   for  the 
load  limiting  resistance  and  line  switch.  Fig.  3. 

4 — A    small    operating    transformer     (used    only    when 
an  oil  circuit  breaker  is  provided). 

5 — .Kw   oil   circuit    breaker   with   single-phase   electrically 
iiprrated   mechani'im      \\  hi  re   the   machine  is   small  and  the 


*Scc  "The  Design  of  Automatic  Switching  Equipment  for 
Synchronous  Converter  Sulistations"  in  the  Iourn.\l  for  April 
1018.  p.   1 14. 
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primary  voltage  is  high,  the  cost  of  the  circuit  breaker  may 
not  be  warranted  by  the  saving  of  core  loss  in  the  trans- 
formers  during  the  time  the  station  is  shut  down. 

6 — .A.  set  of  resistance  grids  for  limiting  the  load  on  the 
converter. 

7 — A  set  of  bearing  thermostats. 

8 — .\  brush  lifting  device  (used  only  with  commutating 
pole  ronvcrtcrs). 

The  wiring  diagrain,  Fig.  4,  shows  the  complete 
scheme  of  connections  as  used  in  the  standard  control 
for  six-phase,  self  starting  synchronous  converters. 
The  .sequence  of  operations  is  shown  by  Fig.  5. 
This  control  duplicates  as  much  as  possible  the  manual 
(iperation  of  converters,  in  that  practically  all  the  switch 
movements  are  made  in  response  to  an  electrical  change 
in  the  converter  and  not  to  an  external  time  elemen*:  or 
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mechanical  sequence  of  operation,  but  with  the  import- 
ant exception  that  the  automatic  control  is  not  apl:  to 
make  an  error  of  judgment  and  does  not  require  time 
to  make  up  its  mind  to  perform  a  given  function.  As 
a  result  of  this  swift  errorless  control,  the  only  mini- 
mum limit  to  the  starting  time  is  the  acceleration  of  the 
converter.  A  light,  high-speed  converter  with  high 
starting  torque  may  be  put  on  the  line  from  a  standuig 
start  in  12  seconds. 

The  standard  equipment,  as  in  the  earlier  forms,  is 
responsive  to  drop  in  the  trolley  voltage,  thus  receiv- 


ing its  starting  impulse  when  the  trolley  potential  falls 
below  a  predetermined  amount,  usually  near  450  volts. 
The  relay  performing  this  function  is  /  on  the  diagram 
and  is  the  upper  left  hand  device  inside  the  swinging 
cover.  Fig.  i.  An  induction  type  potential  relay,  on 
the  sub-panel  of  Fig.  i,  prevents  starting  the  station 
with  insufficient  alternating-current  potential.  This 
also  introduces  a  time  element  of  a  few  seconds  to  pre- 
vent starting  the  station  because  of  a  momentary  surge 
on  the  trolley.     This  is  relay  2  in  Fig.  4. 

The  master  relay  j  is  closed  from  the  contacts  nf  2, 
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FIG.   S, — GENERAL   WIRING    DIAGRAM 
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but  is  locked  in  independently  as  soon  as  its  contacts 
touch.  This  is  the  left  hand  center  double  contact 
magnet  switch  inside  the  cover,  in  Fig.  i.  The  master 
relay  completes  the  control  circuit  to  the  oil  circuit 
breaker  mechanism,  the  field  switches,  and  the  starting 
contactor,  and  if  it  is  opened  for  any  reason  the  entire 
equipment  will  shut  down. 

The  polarized  motor  relay  7  is  the  most  important 
part  of  the  so  called  "brains"  of  the  control.  This  re- 
lay. Fig.  6,  consists  of  a  small  motor  with  a  permanent 
magnet  field  and  a  direct-current  armature,  which  is 
geared  through  a  200  to  i  reducing  gear  to  a  four  posi- 
tion drum.  The  direction  of  rotation  governs  the  se- 
quence through  which  the  various  larger  contactors  are 
operated.  The  motor  relay  armature  is  connected  to 
the  direct-current  brushes  during  starting.  As  the  po- 
tential across  the  commutator  below  synchronous  speed 
is  alternating,  the  motor  will  oscillate  but  will  not  re- 
volve.   As  soon  as  the  converter  pulls  into  step,  direct- 


completes  the  control  circuit  of  the  direct-current  con- 
tactors which  close  in  sequence,  short-circuiting  the 
main  current  limiting  resistance  one  step  at  a  time. 
Current  limit  relays  12A  and  14A  are  provided  so  tliat 
if  the  station  is  attempting  to  come  in  on  the  line  when 
a  condition  of  overload  or  short-circuit  exists,  the  main 
contactors  14  and  15  are  prevented  from  closing,  thus 
leaving  the  main  limiting  resistance  in  circuit.  These 
same  current  limit  relays  act  as  overload  relays,  and 
open  the  contactors,  thus  inserting  a  limiting  resistance, 
in  case  of  overload  or  short-circuit  after  the  machine 
is  in  full  operation. 

Automatic  operation  of  synchronous  converters  de- 
mands much  more  complete  relay  protection  than  does 
manual  operation.  In  a  standard  equipment  the  fol- 
lowing methods  of  protection  are  used  to  provide 
against  any  possible  contingency. 

Lozc'-l'oltage  at  Starting — Relay  2  is  an  induction 
type   relay   operating  on    single-phase   potential.     It   is 
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FIG.    5 — SEQUENCE   OF    SWITCHES 

The  letters  in  Column  7  refer  to  contacts  made  by  th>  polarized  relay ;  the  arrows  indicate  the  direction  of 

rotation  of  the  relav. 


current  is  available  and  the  motor  starts  in  a  direction 
dependent  on  the  polarity  of  the  converter. 

In  case  the  motor  revolves  backwards,  field  revers- 
ing relay  p  is  energized  from  the  converter  armature 
and  locked  in  independent  of  the  motor  relay  contacts. 
This  relay  opens  the  main  field  switch  and  closes  the 
reverse  field  switch.  The  converter  direct-current  po- 
tential then  drops  rapidly  towards  zero  at  approxi- 
mately which  point  the  field  reversing  relay  opens  be- 
cause potential  no  longer  exists  in  sufficient  quantity  to 
holds  its  armature  in  position.  This  allows  the  field 
switches  to  transfer  back  to  their  original  positions, 
and  normal  operation  will  cause  the  converter  to  slip  a 
pole  and  come  up  with  reversed  polarity.  The  polar- 
ized motor  armature  will  of  course  stop  when  the  di- 
rect-current potential  dies  away,  and  will  start  up  again 
in  a  reverse  direction  when  the  converter  polarity  builds 
up  after  slipping  a  pole.  The  drum  contacts  then  re- 
volve in  a  direction  opposite  to  the  above,  and  cause  the 
starting  switch  to  open,  and  the  running  switch  to  ciose. 

An  interlock  contact  on  the  running  switch  then 


calibrated  to  close  its  contacts  at  80  percent  of  normal 
line  potential.  In  case  insufficient  potential  is  present 
to  start  the  converter,  this  relay  will  not  close. 

Reverse  Phase  and  Phase  Failure — Relay  18  is  an 
induction  relay  having  polyphase  potential  coils.  It  is 
operated  directly  from  the  power  transformer  sec- 
ondaries so  that  if  for  any  reason  polyphase  potential 
of  adequate  amount  and  correct  phase  rotation  for  op- 
eration of  the  converter  is  not  present,  this  relay  will 
not  open  its  contacts,  and  will  thus  short-circuit  the 
master  control  relay  and  cause  the  station  to  be  discon- 
nected from  the  line. 

.\lternating-Current  Overload —  On  equipment 
with  primary  voltage  of  17000  volts  or  less,  current 
transformers  and  type  CO  relays  are  used ;  these  being 
standard  induction  overload  relays.  For  potentials 
above  17000  volts,  a  series  high-tension  induction  re- 
lay is  used  which  obviates  the  necessity  for  current 
transformers  insulated  for  the  full  line  voltage.  The 
overload  protection  is  normally  set  for  200  percent  of 
normal  full  load  current,  and  with  sufficient  time  inter- 
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val  to  allow  the  direct-current  relays  to  operate  in  ad- 
vance of  the  alternating-current  relays. 

Direct.   Reverse    Current — Protection    against    re- 
versal   of    energy    flow    in    direct-current    circuits    is 


lARlZED     MOTOR    RELAY 


guarded  aginst  by  a  dynamometer  type  of  reverse  cur- 
rent relay  of  standard  design.  This  relay  has  a  very 
heavy  shunt  field,  and  a  light  moving  element  with  the 
winding  energized  from  an  ammeter  shunt.  If  the 
station  is  tripped  out  by  the  reverse  current  relay,  it 
will  immediately  attempt  to  start,  providing  demand  ex- 
ists, and  the  alternating  current  supply  is  adequate. 

Direct-Current  Overload  protection  is  provided  by 
the  current  limit  relays  12A,  14A,  40A,  and  80A.  The 
latter  two  are  in  the  feeder  circuits  when  used  and  the 
first  two  are  in  the  converter  circuits.  Where  no  sepa- 
rate feeders  are  supplied,  one  additional  relay  and  ccn- 
tactor  are  provided  in  the  converter  circuit.  These  re- 
lays are  set  for  instantaneous  action  at  approximately 
175  percent  of  normal  full-load  current.  This  allows 
the  full  ability  of  the  converter  to  withstand  momen- 
tary swings  to  be  used  to  the  best  advantage.  This 
however,  would  not  protect  the  converter  against  con- 
tinued overloads  of  less  than  175  percent  full  load.  To 
guard  against  this  contingency,  a  temperature  relay  .?p 


FIG.    7 — IHRECT-CURRliNT    OVIiR-I,0.-\D    TEMPERATURE    RELAY 

is  provided  which  is  responsive  to  the  effective  heating 
value  of  the  current  passing  through  it.  This  rela)  is 
composed  of  a  series  coil  connected  in  the  converter 
circuits,  and  a  copper  bellows  filled  with  volatile  fluid 


Fig.  7.  When  the  series  coil  has  heated  sufficiently, 
due  to  continued  overload,  the  volatile  fluid  is  vaporized 
and  the  bellows  expands,  thus  closing  the  relay  con- 
tact and  shutting  down  the  station.  The  station  will  re- 
main shut  down  until  such  time  as  the  cooling  of  the 
coil  indicates  that  the  machine  has  cooled  down,  when 
the  machine  will  again  start  if  a  demand  exists. 

When  the  series  I'elays  operate,  thus  opening  the  di- 
rect-current contactors  and  putting  the  main  resistors 
in  circuit,  the  grids  will  get  very  hot  if  short  circuit  or 
overload  persists.  A  thermostat  28  Fig.  8  is  mourned 
over  the  resistance  grids  and  when  a  dangerous  temper- 
ature is  reached,  shuts  down  the  station  until  the  grids 
cool.  The  station  will  remain  shut  down  until  such 
time  as  the  series  coil  has  cooled  off,  thus  indicating 
that  the  machine  has  cooled  off  enough  to  justify  start- 
ing again. 

Overspeed  Protection  is  provided  by  the  usual 
centrifugal  overspeed  device,  and  is  non-resetting.     In 


FIG.    8 — THERMOST.\T 

case  of  overspeed  sufficient  to  trip  the  device  auto- 
matically, the  station  must  be  visited  by  an  inspector  to 
reset  the  trigger  and  permit  further  operations. 

Bearing  Protection — The  machine  bearings  are 
protected  against  over  heating  by  thermostats  consist- 
ing of  a  copper  bulb  which  is  inserted  in  a  hole  drilled 
through  the  side  of  the  pedestal,  the  bulb  connecting 
with  the.  copper  bellows  by  copper  tubing.  The  contact 
device  is  so  arranged  that  when  the  heat  of  the  bearing 
boils  the  fluid  in  the  bulb,  the  bellows  expand  rnd 
causes  the  substation  to  shut  down.  After  once  bf.ing 
shut  down  by  this  device,  the  station  will  not  again  re- 
start until  the  thermostat  contact  is  reset  by  hand. 

For  commutating-pole  machines,  an  electrically  op- 
erated brush  lifting  device  is  provided,  consisting  of  an 
induction  motor  and  reducing  gearing  with  limit 
switches  to  prevent  overtravel.  Interlock  contacts  are 
arranged  so  that  the  station  will  not  start  unless  the 
brushes  are  completely  raised,  and  the  direct-current  line 
switches  will  not  close  unless  the  brushes  are  completely 
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lowered.  The  master  control  relay  j,  through  a  back 
contact,  starts  the  brush  lifting  operation  immediately 
after  the  station  shuts  down.  In  case  the  station  shuts 
down  due  to  failure  of  the  alternating-current  supply, 
the  brushes  of  course  will  not  be  lifted.  When  alter- 
nating-current supply  is  again  available,  even  though 
the  trolley  voltage  is  low  and  demand  exists  for  the 
station  to  start,  the  interlock  contacts  on  the  brush  lift- 
ing device  prevent  the  closing  of  the  master  relay  3 
until  the  brush  lifting  apparatus  has  reached  the  end  of 
the  travel. 

As  a  result  of  approximately  two  years  of  operat- 
ing experience  with  this  class  of  equipment,  it  has  been 
found  that  extreme  accuracy  of  calibration  of  various 
elements  is  not  necessary.  It  seems  preferable  to  have 
relatively  rugged  devices,  rather  than  delicate 
relays  which  are  susceptible  of  calibration  within 
two   or   three   percent  limits.     Fig.   9   shows   the   con- 


III.,    9 — CONTACT    MAKING    CURRENT    RELAY 

tact  making  ammeter  or  current  relay  used  as  the 
underload  relay.  This  is  used  to  hold  the  station  on 
the  line  as  long  as  there  is  demand  equal- to  15  percent 
of  the  station  capacity.  This  relay  is  typical  of  the  ap- 
paratus used  on  the  automatic  substation  control.  The 
primary  voltage  relay  which  furnishes  the  starting  im- 
pulse of  the  station  is  of  exactly  similar  construction 
except  that  it  has  a  shunt  coil  of  a  great  many  turns  of 
fine  wire  instead  of  the  series  coil  of  bent  bar  copper 

The  underload  relay  mentioned  above  is  provided 
with  a  contact  which  is  closed  in  the  de-energized  posi- 
tion. This  contact  closes  the  circuit  through  the  un- 
derload delay  relay  2J,  as  shown  in  Fig.  10.  This  con- 
sists of  a  small  direct-current  shunt-wound  motor  con- 
nected through  a  reducing  gearing  and  magnetic  clutch 
with  a  moving  insulating  arm.  The  coil  of  this  mag- 
netic clutch  is  connected  in  series  with  the  motor  wind- 
ing. When  the  underload  relay  indicates  that  less  than 
1 5  percent  load  demand  is  on  the  station,  this  motor 
starts  to  run  and  the  magnetic  clutch  is  energized,  diiv- 
ing  the  insulated  arm  toward  a  spring  contact.     If  dur- 


ing the  time  setting  of  this  relay  the  current  demand 
is  again  made  on  the  station,  the  motor  will  stop  and  the 
clutch  be  de-energized  and  the  spring  will  return  the 
insulated  arm  against  its  back  stop.  This  instantan- 
eous release  prevents  the  time  element  of  the  relay  from 
being  cumulative.  The  spring  contact,  when  closed 
by  the  arm,  short-circuits  the  coil  of  master  relay  j, 
causing  the  station  to  shut  down.  With  the  motor  re- 
volving at  approximately  600  to  1000  r.p.m.,  and  with 
the  reducing  gearing  in  the  standard  relay  of  19  800  to 
I,  calibration  can  be  had  from  3  minutes  to  approxi- 
mately 20  minutes  between  the  point  at  which  the  load 
drops  below  15  percent  and  the  time  at  which  the  sta- 
tion shuts  down. 

This  time  relay  was  developed  after  several  differ- 
ent types  of  time  elements  had  been  tried  in  service,  and 
found  wanting.  Oil  dash  pots  were  found  to  be  entirely 
too  inaccurate  for  practical  operation,  due  to  loss  of 
oil  and  due  to  change  in  viscosity  of  oil  at  varying 
temperatures.  Various  forms  of  mechanical  time  ele- 
ments were  tried  with  trains  of  gearing  driving  small 
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fans  operated  both  by  solenoids  and  by  motors.  In 
every  case  these  various  devices  were  found  to  be  v.n- 
suited  for  the  rather  severe  requirements  of  automatic 
substation  operations. 

The  automatic  equipment  has  been  designed  in 
units  for  location  to  secure  the  most  economical  runs 
of  cable.  The  alternating-current  starting  panel  is  in- 
tended to  be  located  as  near  as  possible  to  a  straight  line 
between  the  transformer  secondaries  and  the  converter 
slip  rings.  The  direct-current  group  with  the  grid  re- 
sistances is  intended  to  be  located  in  the  direct  run  be- 
tween the  commutator  end  of  the  converter  and  the 
direct-current  feeder  entrance.  The  relay  panel  may  be 
located  anywhere  that  a  convenient  space  may  be  found, 
as  all  the  wiring  is  of  small  size  and  relatively  inex- 
pensive. 

The  equipment  is  intended  to  be  in  every  sense  of 
the  word  automatic,  and  should  only  require  inspection 
and  cleaning  approximately  once  a  week.  It  would  un- 
doubtedly operate  for  a  much  longer  time  than  this 
without  attention,  but  to  secure  best  operating  results, 
it  would  seem  advisable  to  keep  within  a  one  week  in- 
spection period. 
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THE  extreme  flexibility  of  the  alternating-current 
system  for  the  generation,  transmission  and  dis- 
tribution of  electric  energj-  is  a  direct  result  of 
the  application  of  the  transformer.  Transformers  per- 
mit the  power-house  to  be  located  where  it  is  most  con- 
venient for  the  generation  of  electric  energy,  which  is 
then  transmitted  at  an  economical  voltage  to  the  point 
of  distribution  for  power  or  lighting  service.  The  most 
economical  transmission  voltage  is  a  function  of  the 
distance  of  transmission.  This  is  because  the  loss  of 
energy  in  a  transmission  line  is  inversely  proportional 
to  the  square  of  the  voltage  of  transmission,  and  conse- 
quently, if  the  line  losses  or  line  regulation  is  held  con- 
stant, the  cross-section  of  the  transmission  line  can  be 
reduced  i  n  proportion  to 
the  square  of  the  trans- 
mission voltage  with  enor- 
mous resultant  saving  i  n 
the  amount  of  copper  re- 
quired. 

The  distances  over 
which  electric  energy  is 
transmitted  are  determined 
by  the  location  of  the  point 
of  distribution  with  respect 
to  iJie  point  of  generation, 
and  therefore  the  natural 
tendency  has  been  to  intro- 
duce an  unlimited  number 
of  transmission  and  distri- 
bution voltages,  and  the  de- 
mand has  been  for  an 
equally  varied  number  of 
transformer  voltages .  A 
transformer,  indeed,  may 
be  considered  as  a  flexible  link  in  the  chain  between 
the  alternating-current  generator  and  the  incandescent 
lamps,  heating  appliances,  fans,  motors,  furnaces  and 
other  domestic  or  industrial  devices  which  utilize  electric 
energy  for  their  operation. 

For  distribution  systems,  the  standardization  rules 
of  the  National  Electric  Light  Association  and  of  the 
Electric  Power  Club  list  the  following  voltages: — 440, 
550,  2300,  4600,  6600,  II 000,  13200,  22000,  and 
33  000,  and  these,  together  with  the  twelve  to  fifteen 
capacity  ratings  for  each  voltage  class,  present  a  great 
variety  of  conditions  for  the  application  of  insulation. 
For  lighting  or  domestic  service,  electric  energy  is 
usually  supplied  at  voltages  limited  to  about  115  or  230 
volts  and  for  industrial  or  motor  service  to  about  115, 
230,  460  or  575  volts,  these  secondary  voltage  limita- 
tions being  drawn  because  of  safety  requirements  in  the 
operation  of  the  apparatus. 


With 


—  SHELL-TYPE     TRANS- 
FORMER 

concentric     rectangular 
coils. 


All  of  the  above  simply  emphasizes  the  extent  and 
variety  of  the  insulation  problem  in  the  design  and 
manufacture  of  distribution  transformers.  Necessarily 
the  paramount  consideration  in  the  design  of  distribu- 
tion transformers  is  that  of  safety.  To  insure  reason- 
able voltage  regulation,  the  high  and  low-voltage  wind- 
ings are  of  necessity  in  close  proximity  and  in  conse- 
quence the  strength  and  permanence  of  the  insulation 
between  these  windings  has  an  importance  that  cannot 
be  over-emphasized.  Indeed  the  safety  of  every  user 
of  electric  light  and  power  may  be  said  to  be  dependent 
upon  the  integrity  of  the  insulating  barrier  between 
windings  in  the  transformer,  through  which  the  energy 
is  supplied. 

In  view  of  the  import- 
ance of  transformer  insula- 
tion from  a  safety  stand- 
point it  is  a  gratifying  fact 
that  the  modern  distribu- 
tion transformer  embodies 
this  requirement  to  an  ex- 
tremely high  degree  and 
the  description  following 
shows  how  the  possibility 
of  failures  has  been  guarded 
against  in  some  modern  de- 
signs using  concentric  rec- 
tangular coils  (Figs.  I  and 
2 ) .  With  this  type  of  coil 
construction,  the  same  gen- 
eral scheme  of  insulation  is 
used  for  the  transformers  up 
to  and  including  200  k.v.a. 
and  22  000  volts  except  that 
the  subdivision  of  the 
the  coils  and  the  insulation  distances  are  increased  for 
transformers  of  the  higher  voltages.  The  impt)nant 
points  to  consider  in  the  application  of  transformer  in- 
sulation are  as  follows : — 

a — Between  the  high  and  low-voltage  windings, 
b — Between  the  complete  set  of  windings  and  the  mag- 
netic circuit. 

c — Between    the    individual    turns    and   layers    of    the 
windings. 

d — Between  the  coil   sections   of   each  winding. 

e — Between  the  coil  leads  and  taps  and  the  windings. 

f — Between   the   high   and   low-voltage   leads   and   the 

tank.     The  leads  have  also  to  be  insulated,  separated  and 

supported  between  the  coils  and  the  bushings  in  the  tank. 

It  is  an  obvious  essential  that  the  insulation  be- 
tween the  high  and  low-voltage  windings  must  be  prac- 
tically failure-proof,  so  that  even  under  the  most  severe 
conditions  of  short-circuit  or  overload  which  can  occur 
and  which  may  reduce  the  windings  to  a  mass  of 
charred  insulation  and  copper  wire,  the  insulating 
barrier  will  maintain  its  integrit)'  and  prevent  the  high- 


FIG.    2 
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voltage  from  breaking  across  to  the  low-voltage  coil. 
The  material  selected  for  this  purpose  must,  therefore, 
be  capable  of  sustaining  a  high  temperature  without 
injury",  and  for  this  reason  micarta  and  mica-micnrta 
tubes  are  used  in  the  transformer  under  consideration. 
Micarta  tubes  have  been  used  for  several  years  between 
the    high    and    low-voltage    windings    of    distribucion 


Fin.    3 — MACHINE    FOR    THE    MANUFACTURE    OF    MICA-MICARTA 
INSULATING  TUBES 

transformers  with  this  type  of  coil  construction,  and  the 
excellent  service  record  that  has  been  obtained  is  con- 
clusive evidence  of  the  reliability  of  the  insulation  that 
has  been  provided. 

The  micarta  tubes  are  made  by  a  special  process. 
In  the  manufacture  of  the  tubes,  micarta  paper  coated 
with  a  shellac  bond  is  wound  between  steel  rolls  under 
heat  and  pressure  on  a  steel  mandrel  as  shown  in  Fig. 
3.  The  bond  is  melted  by  the  heat,  and  the  pressure 
between  the  rolls  compresses  the  paper  solidly  together, 
all  air  and  moisture  being  sealed  out.  Built-up  m;ca 
sheets  are  fed  between  the  layers  of  paper  as  it  is 
wound  on  the  mandrel,  so  that  approximately  fifty  per- 
cent of  the  finished  tube  is  pure  mica,  which  is  held 
firmly  between  the  layers  of  insulating  paper.  The 
micarta  cylinder  is  then  forced  oiif  the  roll  by  a  hy- 
draulic press  and  is  cut  up  into  desired  lengths  by  a 
circular  saw.  After  being  reheated  in  an  oven  to  soften 


FIG.    4 — COMPLETED    MICA-MICARTA    TUBES 

the  bond,  the  cylindrical  tubes  are  then  formed  by 
wooden  moulds  into  their  final  shape,  as  shown  in  Fig. 
4- 

This  method  of  manufacture  provides  a  tube  hav- 
ing maximum  dielectric  strength  for  a  given  thickness 
of  material.  As  an  illustration  of  the  remarkable 
strength  of  this  insulation  the  barriers,  used  with  2300 


volt  transformers,  which  are  approximately  only  3/32 
inch  thick  will  withstand  a  puncture  test  under  oil  of 
between  40  000  to  50  000  volts. 

The  great  advantage  of  this  method  of  applying 
sheet  mica,  is  that  the  mica  goes  into  the  tube  without 
wrinkles,  and  thus  insures  a  uniform  insulating  barrier, 
free  from  flaws.  The  micarta  paper  reinforces  the 
mica  and  gives  it  the  mechanical  strength  which  is 
lacking  in  plain  mica,  while  the  tube  has  the  heat-re- 
sisting qualities  of  high-grade  mica  lacking  in  plain 
paper.  It  should  be  noted  that  a  solid  barrier  of  this 
type  provides  insulation  which  is  just  as  effective  at 
the  corners,  both  mechanically  and  dielectrically,  as 
along  the  straight  part  of  the  winding,  and  which  gives 
uniformity  to  the  coils  and  maintains  them  in  the  proper 
relative  positions  without  warping.  Coils  wound  over 
these  tubes  have  their  layers  uniform,  so  that  there  is 
no  tendency  to  cut  the  insulation  between  layers  under 
the  expansion  and  contraction  incident  to  the  rise  and 
fall  of  the  coil  temperature  with  change  of  load. 


FIGS.    5    AND    6 — TRANSFORMERS    AFTER    AND    BEFORE    IMPREGNATION 

A  fact  that  is  not  immediately  obvious  is  that  in 
the  construction  of  a  transformer,  where  fibrous  insu- 
lation is  employed,  the  safety  of  the  transformer  is  not 
necessarily  increased  by  heavily  padding  the  windings 
with  insulation,  but  that  on  the  contrary,  the  smaller 
the  quantity  of  fibrous  insulation  used  to  secure  the  re- 
quisite dielectric  strength,  the  more  effectively  is  a 
transformer  insulated  from  a  safety  standpoint.  This 
follows  directly  from  the  fact  that  all  insulators  of  elec- 
tricity are  insulators  of  heat.  Consequently  mere 
quantity  of  insulation  is  far  from  being  ideal  and  too 
heavy  insulation  may  defeat  its  own  object  by  setting 
up  barriers  to  the  flow  of  heat  from  the  winding  to  the 
oil.  This  is  an  important  consideration,  inasmuch  as 
fibrous  materials,  such  as  cotton,  treated-cloth,  paper 
and  fullerboard  cannot  be  operated  continuously  with 
safety  at  a  temperature  in  excess  of  105  degrees  C. 

Unless,  therefore,  the  insulation  is  skillfully  ap- 
plied, heat  insulating  barriers  may  cause  local  heating 
or  hot  spots  in  the  windings,  with  disastrous  effects  on 
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ihe  tibrous  insulation,  which  will  char  or  carbonize  arid 
thus  cause  short-circuits  which  may  ultimately  destroy 
the  entire  winding.  Mica,  while  it  resists  high  temper- 
atures, and  is  indeed  ideal  for  tubular  insulation,  can- 
not be  used  between  turns  and  layers.     With  the  prts- 


-I.Ml'RECN.VTION     TANKS 


ent  development  of  the  art,  fibrous  materials  are  indis- 
pensible  for  such  service,  both  because  of  the  ease  with 
which  they  can  be  applied  and  because  of  the  facility 
with  which  these  materials  absorb  impregnating  com- 
pounds. The  coil  must  therefore  be  so  made  as  to  in- 
sure that  the  maximum  operating  temperature  will  not 
cause  deterioration  of  this  type  of  insulation. 

The  distribution  transformers  herein  described  are 
subjected  to  an  impregnating  treatment  which  has 
reached  a  high  degree  of  perfection  after  many  years 
of  exhaustive  research  and  practical  experience  in  its 
application.  The  transformers  are  first  assembled 
complete  for  mounting  in  the  tanks  except  for  the 
porcelain  terminal  blocks  or  spacers,  as  shown  in  Fig. 
5.  The  assembled  units  are  then  placed  in  an  oven 
through  which  a  current  of  heated  air  is  circulated. 
After  this  preliminary  drying-out  process,  the  trans- 
formers are  lowered  into  a  steam-heated  tank,  Fig.  7. 
The  cover  of  this  tank  is  bolted  on  and  a  vacuum  is 


FIG.    S — L(jW    \uLT.\GE   coil   WOUND   ON    A    MICARTA   TUBE 

then  established  by  means  of  an  air  pump  that  removes 
all  air  and  all  remaining  moisture  which,  of  course, 
evaporates  readily  at  the  low  pressure.  The  impreg- 
nating compound,  which  consists  chiefly  of  vegetable 
gums,  and  which  has  been  heated  in  an  adjoining  tank. 


is  then  admitted  to  the  vacuum  tank  until  it  completely 
covers  the  coils.  The  air  and  moisture  having  pre- 
viously been  removed,  the  compound,  assisted  by  capil- 
lary attraction,  enters  freely  into  all  the  interstices  of 
the  windings,  but  to  insure  the  most  thorough  pene- 
tration an  air  pressure  of  over  80  pounds  per  square 
inch  is  applied  in  the  tank,  and  this  is  left  on  for  several 
hours.  The  remainder  of  the  compound  is  then  wilh- 
drawn  from  the  impregnating  tank,  the  transformers 
are  lifted  out  and  placed  in  a  vertical  position  to  cool. 

As  a  result  of  this  treatment  the  windings  are 
transformed  into  a  solid  mass  of  copper  and  insulation, 
and  the  following  specific  advantages  result: — 

I — The  insulation  strength  of  the  windings  between 
individual  turns,  layers  and  coil  sections  and  between  the 
coils  and  the  iron  reaches  a  very  high  value.  The  neces- 
sary insulation  distances  are  provided  by  the  cotton-cover- 
ing and  other  fibrous  materials,  and  these  materials  readily 
absorb  the  impregnating  compound  which  possesses  ex- 
tremely high  dielectric  strength. 

2— The  heat  conductivity  of  the  windings  is  greatly 
improved;  this  helps  to  eliminate  hot-spots  and  produces 
a   uniform   temperature   rise. 

3 — In  the  vacuum  treatment  all  air  and  moisture  is 
removed  and  the  impregnating  compound  then  acts  as  a 
seal,  so  that  the  windings  will  not  readily  absorb  moisture. 
4 — The  mechanical  strength  of  the  windings  is  in- 
creased, giving  greater  insurance  against  mechanical 
shocks  due  to  short  circuits. 

The  compound  used  for  the  impregnation  is  not 
soluble  in  oil  at  the  operating  temperature  of  the  trans- 


FIG.   9 — CROSS   SECTION   OF  CORNER  OF   SMALL   CAPACITY   CONCENTRIC 
COIL   TRANSFORMER 

formers  and  therefore  does  not  clog  up  tlie  ventilating 
ducts  after  the  transformers  have  been  placed  in  ser- 
vice. The  melting  point  also  is  such  that  it  will  not 
soften  under  the  usual  operating  temperature  to  which 
distribution  transformers  are  subjected. 

In  the  design  and  construction  of  these  rectangular 
concentric  coil  transformers,  the  insulation  has  been 
compressed  into  the  smallest  possible  space  and  so  dis- 
posed as  to  provide  the  least  possible  resistance  to  the 
flow  of  heat  from  the  coils.  That  this  has  been  ac- 
complished in  the  case  of  the  micarta  barriers  is  readily 
rpparent  from  the  previous  description  and  similar  le- 
sults  have  been  secured  in  connection  with  the  applica- 
tion of  the  fibrous  insulation  used  between  turns,  layers 
and  coil-sections. 

Various  methods  of  applying  the  insulation  are  em- 
ployed, depending  upon  the  size  and  shape  of  the  wire 
to  be  insulated  and  the  capacity  and  voltage  of  the 
transformer.  For  example,  the  high-voltage  coils  of 
the  smaller  size  transformers  are  all  wound  with  roimd 
wire.     On  the  other  hand,  the  low-voltage  coils  and  the 
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high-voltage  coils  of  the  larger  capacities  are  wound 
with  copper  strap,  and  the  insulation  of  the  coils  using 
copper  strap  is  fairly  simple,  particularly  when  the 
coils  are  wound  directly  upon  micarta  tubes,  as  shown 
in  Fig.  8.     The  end  turns  of  these  coils  are  tied  in  pcsi- 


FIG.    10 — CROSS-SECTION     OF     CORNER     OF     MEDIUM     CAPACITY     CON- 
CENTRIC COIL   TRANSFORMER 

tion,  cloth  and  paper  insulation  are  used  between  layers, 
and  the  ends  are  padded  with  micarta  collars,  both  to 
give  mechanical  strength  and  to  provide  the  necessary 
creepage  distance  between  windings.  The  insulation 
provided  is  very  effective  and  the  mechanical  strength 
of  the  coil  is  excellent. 

Considerable  skill  has  been  employed  in  the  insula- 
tion of  high-voltage  windings,  using  round  wire. 
Where  the  very  smallest  wires  are  involved,  the  con- 
struction shown  in  Fig.  9  has  been  employed.  The 
layer  insulation  is  of  paper,  crimped  at  the  ends  to  hold 
the  wires  in  position,  and  with  re-entrant  corners  to 
give  increased  creepage  distance  indicated  by  tlie 
broken  line.  With  larger-size  round  wires,  a  very  in- 
genious construction  is  employed,  the  details  of  which 
are  as  shown  in  Fig.  10.  The  high  voltage  coil  is 
subdivided  into  four  sections,  each  section  being  sepa- 
rately wound  and  taped  as  shown  in  Fig.  11.  The 
wire  is  insulated  with  cotton  covering  and  enamel  and 
on  account  of  the  reduced  stress  between  layers  due 
to  the  subdivision  of  the  winding  additional  layer  in- 
sulation becomes  unnecessary  except  at  the  corners. 
This  permits  a  machine  winding  with  guttered  layers, 
in  which  each  wire  is  placed  in  a  gutter  between  two 
other  wires.  The  advantage  of  the  guttered  winding  as 
compared  with  the  usual  construction  is  shown  in  Fig. 
12  from  which  the  saving  in  space  is  readily  apparent. 


Mic3- Micarta  Channel  Pioc 
provide  large  creepage  distan 
between  coil  and  Iron  and  gi 
added  protection  against  hig 
frequency  surges. 


FIG.    II — MACHINE-WOUND    HIGH-VOLTAGE   COIL 

Partially  complete,  showing  micarta  channel  pieces. 
These  machine-wound  coils  are  very  strong  mechani- 
cally. The  method  of  insulation  insures  very  tliorough 
penetration  of  the  insulating  compound,  with  resultant 
uniformity  of  temperature,  while  in  any  case  the  pos- 
sibility of  the  chafing  of  one  wire  or  layer  on  another. 


due  to  temperature  differences  causing  unequal  expan- 
sion or  contraction  in  the  winding  is  prevented  by  the 
manner  in  which  each  wire  is  held  solidly  between  six 
other  wires. 

The  high-voltage  coil  sections  are  insulated  from 
each  other  by  fuller-board  washers  and  channels  of 
mica-micarta  insulation  are  placed  over  the  ends  of  the 
winding  to  provide  a  large  creepage  distance  to  the  iron 
or  the  low  voltage  winding,  as  indicated  by  the  broken 
line  in  Fig.  10. 

Similar  methods  of  insulation  are  employed  in  the 
insulation  of  these  concentric  coil  transformers  regard- 
less of  voltage  class,  except  that  with  higher  voltages, 
a  larger  number  of  subdivisions  of  the  high-voltage 
winding  is  necessary  and  greater  insulation  distances 
are  required.  Furthermore  with  higher  voltages  extra 
heavy  padding  of  the  end  turns  is  provided  to  protect 
against  high-frequency  line  surges. 

The  coils  of  all  of  the  transformers  under  discus- 
sion are  concentric,  the  inner  and  outer  coils  forming 
the  low  voltage  winding,  the  high  voltage  winding  being 
placed  between  them.  The  great  advantage  of  this  type 
of  construction  for  small  transformers  is  the  ease  of 
applying  tubular  insulation  between  the  coil   surfaces. 


FIG.    12 — COMPARISON    OF    ORDINARY    AND    GUTTERED    TYPES    OF 
WINDING 

An  important  and  interesting  fact  in  regard  to  this  par- 
ticular type  of  construction  is  that  all  the  coils  are 
wound  separately  and  then  formed  into  a  complete 
winding  which  is  then  assembled  with  the  magnetic 
circuit.  This  method  permits  careful  inspection  and 
testing  of  the  insulation  at  all  stages  of  manufacture 
and  insures  uniformity  in  the  product. 

The  leads  or  taps  from  the  coils  are  insulated  from 
the  windings  by  means  of  micarta  barriers  and  are 
brought  out  through  a  treated-wood  spacing  block  tc  a 
porcelain  spacer  or  terminal  block.  Porcelain  terminal 
blocks  are  supplied  when  it  is  necessary  to  provide  for 
taps,  and  in  this  case  the  terminal  blocks  are  submerged 
below  the  oil  level  to  prevent  flash-overs  across  the 
brass  studs  to  the  case  from  lightning  surges.  Porce- 
lain spacers  are  provided  when  no  taps  are  brought 
out,  and  it  is  simply  necessary  to  separate  and  support 
the  leads.  In  this  case  the  porcelain  spacers  are 
placed  at  the  oil  level,  and  protection  against  flash-overs 
i."?  provided  by  the  insulation  on  the  high-voltage  leads. 

From  the  terminal  blocks  or  spacers  the  leads  pass 
to  porcelain  bushings  which  are  babbitted  in  the  tank. 
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The  function  of  the  bushings  is  to  provide  leakage  dis- 
tance for  the  prevention  of  flash-over  from  line  surges 
and  to  reinforce  the  lead  insulation  against  the  ordinary 
voltage  stresses.     These  bushings  are  made  from  high- 
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FIG.     13 — HIGH     VOI,T,\GE     COiy.     nY     CdXCKXll^h 

Showing  reinforced   winding. 

grade,  homogenous  porcelain  and  are  thoroughly 
glazed.  The  flash-over  distances  are  generous  and  the 
perfectly  smooth  surfaces,  placed  in  an  inverted  posi- 
tion, do  not  offer  positions  where  soot  or  dirt  can 
readily  accumulate. 

The  leads  are  flexible  stranded  copper  cable  msu- 
lated  with  treated  cloth  which  has  been  treated  with  a 
weather  proof  gum.  The  leads  are  sealed  into  the 
bushing  by  a  compound  which  renders  the  joint  mois- 
ture and  oil  proof. 

A  2300  volt  bushing  is  shown  babbitted  in  its  posi- 
tion in  the  case  in  Fig.  14.  The  lead  after  being  cut  to 
the  right  length  is  wound  with  gilling  thread  and  is 
then  pulled  through   the  bushing.     The   sealing  com- 
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FIG.    14 — LEAD    AND    BUSHING    FOR    23OO    VOLT    TRANSFORMER 

pound,  is  poured  around  the  bushing  and  into  the  recess 
in  the  bushing,  making  a  thoroughly  weather  proof 
joint. 

A  bushing  used  for  4600  and  6900  volt  transform- 


ers is  shown  in  Fig.  15.  The  insulation  distances  are 
greater  than  with  the  2300  volt  bushing,  and  in  addition 
an  elbow  is  provided  at  the  top  to  give  additional  in- 
sulation between  the  lead  and  the  case  and  to  support 
the  lead  between  the  bushing  and  terminal  block.  The 
bushings  used  for  11  500  and  13800  volt  transformers, 
are  similar,  but  in  this  case  a  petticoat  is  provided  to 
increase  the  insulation  distances.  The  single  groove  is 
made  wide  and  smooth  and  the  inverted  position  pie- 
vents  the  accumulation  of  dirt  and  soot. 

The  23  000  volt  bushing  consists  of  a  single  bell- 
shaped  porcelain  insulator  which  is  fastened  into  a 
standard  pipe  bushing  with  cement.  The  lead  is 
wrapped  with  gilling  thread  and  pulled  tightly  into  the 
bushing,  and  the  sealing  compound  makes  a  moisi.ure 
proof  joint.  During  shipment  the  bushing  and  lead 
are  removed  to  prevent  breakage  and  a  plug  is  used  to 
close  the  hole  in  the  case. 

Insulation  failures  may  result  from  a  variety  of 
causes.  Probably  the  most  frequent,  aside  from  over- 
loads, are  caused  by  high-frequency  line  surges;  hot 


Uealed'CUh  able 

FIG.    15 — LEAD    AND    BUSHING    FOR    460O    AND    6gOO    VOLT 
TRANSFORMERS 

spots  or  unequal  temperature  in  the  winding ;  and  water 
soaked  insulation.  The  foregoing  description  shows 
the  care  that  is  taken  in  a  modern  distribution  trans- 
former to  insure  against  trouble  from  these  causes. 
Safety  and  reliability  have  indeed  been  built  into  the 
modern  design,  and  the  percentage  of  failures  from 
all  causes  is  remarkably  small.  Better  protection  of 
these  transformers  by  a  more  elaborate  use  of  lightning 
arresters  and  periodic  testing  and  inspection  of  the  oil 
for  the  presence  of  moisture  which  transformers  som.e- 
times  breath  into  the  case  would  undoubtedly  reduce 
the  number  still  farther.  It  is  safe  to  assert,  however, 
that  no  one  piece  of  apparatus  is  subjected  to  less  care 
and  inspection  in  service  than  the  distribution  trans- 
former, and  its  service  record  under  these  unfavorable 
operating  conditions  has  been  little  short  of  remarkable 
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R.  J.  Wensley 


IN  HIGH  TENSION  switching  stations  where  no 
wattmeters  are  used,  it  is  often  desirable  to  have 
an  indication  of  the  presence  of  potential,  indica- 
tion of  grounded  phase,  or  of  synchronism  between  tw^o 
separate  high  tension  hues.  Where  no  potential 
transformers  are  needed  for  other  purposes,  it  becomes 


detector.  It  will  be  noticed  that  one  bulb  is  in  paral- 
lel with  the  bottom  section  of  each  of  the  three  insu- 
lator columns. 

When  used  for  synchronizing  between  a  bus  and 
a  line  or  between  two  lines  or  two  busses,  the  glow 
meter  is  connected  as  in  Fig.  4.     \\'hen  used  for  this 


FIG.    I — FKONT   VIEW   OF   GLOWMETER 

very  expensive  to  provide  the  above  indication.  A 
simple  device  for  securing  these  indications  through 
the  electrostatic  discharge  of  one  section  of  an  insula- 
tor column  has  been  developed,  thus  obviating  the 
necessit}'  for  potential  transformers. 

Fig.  I  is  a  front  view  of  this  device,  and  Fig.  3  is 
the  same  device  with  the  cover  removed.  The  base  on 
which  the  apparatus  is  mounted  is  of  micarta  insulation. 
The  indicating  device  consists  of  three  small  bulbs 
filled  with  a  rare  gas  which  has  the  property  of  giving 


FIG.    2 — CONNECTIONS    FOR    THE    GLOWMETER 

When  used  as  ground  detector, 
forth  a  vivid  orange  red  glow  on  an  extremely  small 
static  discharge.  These  bulbs  are  sprung  in  betwecft 
spring  clips  and  are  separated  from  one  another  by 
micarta  tubing  which  may  be  seen  inside  the  cover  of 
the  instrument.  This  device  is  connected  as  shown  in 
Fig.  2  when  used  as  a  potential  indicator  or  ground 


lU;.   3 — (;;j>\V.METKR    with    CI)\EK    ukmoved 

lanpose,  the  phase  connections  through  the  top  lamps 
are  made  so  that  the  lamp  will  be  out  at  synchronism. 
The  phases  to  the  two  lower  lamps  are  crossed  so  tliat 
they  will  burn  at  half  brilliancy  at  synchronism. 
When  out  of  synchronism  there  will  be  an  apparent  ro- 
tation which  will  be  an  indication  of  whether  the  in- 
coming line  is  fast  or  slow. 

For  switching  these  instruments  small  oil  switches 
are  used,  and  it  is  possible  to  use  one  glow  meter  for  a 
number  of  purposes  by  providing  enough  oil  switches. 
The    connecting   leads    may   be    inin    considerable    dis- 


FIG.   4 — THE    GLOWMETER    USED    AS    A    SYNCHROSCOPE 

tances  if  carefully  insulated  and  may  be  carried  into 
buildings  if  treated  as  wiring  for  2200  volts.  The  glow 
meter  should  preferably  not  be  mounted  on  the 
switchboard,  but  may  be  mounted  above  it  on  a  bracket 
or  on  the  wall  or  other  suitable  location.  So  far  as  is 
known,  there  is  no  limit  to  the  useful  life  of  the  bulb. 
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Electrically-Heated  Metal  Pattern  Plates  on  Molding  Machines 


To  produce  clean,  smooth  castings  from  molds  made 
with  metal  patterns  there  must  be  no  sticking  of 
the  molding  sand  to  the  patterns  when  they  are  re- 
moved from  the  sand.  There  is  a  tendency  for  moisture  to 
collect  on  the  cold  metal  pattern  from  the  moist  sand,  or  for 
the  cold  plate  to  sweat,  during  which  process  moisture  collects 
•on  it.  When  this  moisture  collects,  the  sand  sticks  to  the 
pattern  when  it  is  removed  from  the  mold,  and  the  mold 
acquires  a  rough  surface,  so  that  when  the  metal  is  poured, 
the  casting  will  have  a  rough  surface.  This  pattern  will  now 
have  a  rough  surface  due  to  the  adhering  sand,  so  that  when 
the  next  mold  is  made,  it  will  have  a  rough  surface  unless  the 
pattern  is  cleaned  off  and  dried.  This  trouble  is  experienced 
in  both  summer  and  winter. 

The  collection  of  moisture  can  be  prevented  by  heating 
the  pattern.  The  heat  applied,  however,  must  not  be  so  great 
as  to  cause  the  sand  in  the  mold  to  drj',  as  it  would  then 
crumble  away  and  again  the  casting  would  have  a  rough  sur- 
face. Furthermore,  the  heat  must  be  applied  in  such  a  way 
that  the  pattern  can  be  changed  conveniently  when  desired. 
The  usual  method  of  heating  is  by  means  of  a  gas  flame  left 
burning  in  the  space  underneath  the  pattern  within  the  frame 
work  of  the  molding  machine.  It  is  difficult  to  keep  the  flame 
low  enough  so  that  it  will  not  heat  the  pattern  too  much.  A 
larger  flame  than  necessary  is  often  employed  at  some  distance 
from  the  surface  of  application.  This  makes  an  inefficient 
arrangement,  as  most  of  the  heat  is  dissipated  into  the  sur- 
rounding space.  The  surrounding  air  becomes  contaminated 
by  the  gas  fumes,  and  in  summer,  there  is  the  further  dis- 
comfort due  to  the  heating  of  the  surrounding  air.  Difficulty 
is  experienced  due  to  variation  of  gas  pressure,  so  that  at  one 
time  the  pattern  is  too  hot  and  at  another,  too  cold.  When 
the  pattern  gets  too  hot,  it  is  necessary  to  cut  off  the  gas,  and 
when  it  has  cooled  down,   relight  and  readjust  the  gas. 

A  much  more  convenient  method  of  heating  is  by  the  use 
of  electric  heaters  as  shown  in  Fig.  I.  Two  steel-clad  heaters 
are  mounted  in  the  space  immediately  below  the  metal  pattern 
plate,  within  the  framework  of  the  molding  machine.  In  order 
to  use  as  little  heat  as  possible,  they  are  located  just  below 
the  thickest  pattern  used.  The>'  are  attached  to  supporting 
angles  attached  to  the  frame  of  the  machine.  It  is  obvious, 
then,  that  any  pattern  of  any  thickness  and  of  any  size  within 
the  capacity  of  the  machine  may  be  attached  to  or  removed 
from  the  molding  machine  without  being  interfered  with  by 
the  heaters,  and  without  disturbing  the  heaters.  To  conserve 
heat,  an  asbestos  insulating  plate  is  placed  just  below  the 
heaters,  to  prevent  loss  of  heat  due  to  radiation  downvrard 
from  the  heaters.  The  entire  installation  is  made  in  such  a 
way  as  not  to  interfere  with  the  usual  operation  of  the  ma- 
chine, including  the  mechanical  vibrator,  and  without  any 
modification  of  the  machine  other  than  to  drill  and  tap  small 
holes   for  attaching  the  mounting  angles. 

The  heaters  are  of  the  steel-clad  type.  For  the  molding 
machine  shown,  taking  a  pattern  plate  16  by  11  by  2  inches, 
there  are  two  heaters  each  13  inches  long,  2%  inch  wide 
and    Vi.    inch  thick  over  all.    They  consist  of   slotted  ribbon 


resistors  of  high  resistance,  temperature-resisting  alloy  in- 
sulated in  mica  troughs,  the  whole  being  encased  in  a  heavy 
sheet  steel  casing.  The  heater  terminals  are  mounted  on  one 
end  of  the  heater  casing,  and  are  protected  by  a  substantial 
terminal  cover.  The  two  heaters  used  on  each  machine  have 
a  total  rating  of  300  watts,  and  operate  on  no  volts.  The 
heaters  are  connected  permanently  together  electrically,  and 
connection  is  made  from  a  wall  receptacle  to  the  machine  by 
means  of  a  flexible  heater  cord  having  a  separable  attachment 
plug  on  the  end. 

Because  of  the  small  space  in  a  vertical  direction  occupied 
Iiy  the  heaters,  there  is  ample  room  for  them  in  the  somewhat 
restricted  space  available ;  and  due  to  the  flexible  heater  cord, 
it  is  possible  for  the  pattern  support  to  be  raised  or  lowered, 
the  heaters  moving  as  an  integral  part  of  it. 


FIG.    I — MOLDING    MACHINE    EQUIPPED    WITH    ELECTRIC    HEATERS 

The  advantages  of  this  rnethod  of  heating  over  the  use 
of  gas  are  obvious.  When  it  is  desired  to  heat  the  pattern 
plate,  it  is  not  necessary  to  hunt  for  a  match,  operate  valves, 
or  adjust  valves  until  the  correct  degree  of  heat  is  obtained. 
Instead,  it  is  only  necessary  to  plug  into  a  wall  receptacle  and 
give  no  further  thought  to  the  matter,  since  but  one  degree  of 
heat,  and  that  the  correct  one,  can  be  obtained.  If  for  any 
reason,  such  as  the  machine  standing  idle,  the  pattern  plate 
should  be  over-heated,  it  is  not  necessary  to  operate  any  valves, 
such  as  shutting  off  the  gas,  until  the  temperature  becomes 
right  and  then  re-light  and  re-adjust  the  valves.  Instead,  it 
is  only  necessary  to  pull  the  plug  from  the  wall  receptacle 
and  leave  the  heater  disconnected  until  the  temperature  be- 
comes right,  and  then  plug  it  in  again.  Furthermore,  no 
trouble  is  experienced  from  variation  of  gas  pressure,  and  a 

steady,  uniform  heat  is  obtained. 

R.  A.   BoLZE. 
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le    purpoee    of    this    section    la    to    present 

oepted  practical  methods  used  by  operating; 

companies   throughout   the    country. 


The   co-operation    of    all    those   Interested    in 
operating  and  maintaining  railway  equipment 
is   invited.     Addrete  B.  O.  D.  Editor. 


Railway  Motor  Testing — V 

LOCATING  AND  REPAIRING  ARMATURE  WINDING  TROUBLES 


OROUNDS 

Partial  Grounds  can  be  located  by  using  the  testing  box 
Fig.  I,  or  lighting-out  line  Fig.  4  (R.O.D.  Jan.  '19),  by  keeping 
the  current  from  the  testing  circuit  on  the  armature  until  the 
insulation  gets  hot  and  smokes,  when  the  ground  can  be  lo- 
cated. The  damaged  coil,  when  located,  should  be  re-insulated 
and  put  back  in  place,  or  replaced  by  a  new  coil. 

Dead  Groioirf— This  type  of  ground  cannot  be  located  by 
the  above  test.  Connect  a  telephone  receiver  set  as  shown  m 
Fig.  19,  which  will  give  a  buzzing  sound  in  the  receiver.  Move 
the  terminal  from  the  receiver  around  over  the  surface  of 
commutator  until  a  point  is  reached  when  the  buzzing  sound 
disappears.  The  coil  connected  to  this  commutator  bar  will 
be  the  grounded  coil. 

This  same  test  can  be  made  by  us'  g  a  500  volt  trolley 
circuit  connected  through  a  headlight  1  esistance,  instead  of 
the  battery  circuit,  and  replacing  the  telephone  receiver  by  a 
small  square  coil  (made  up  of  approximately  300  turns  of 
about  No.  30  wire)  set  on  edge  with  a  compass  needle  placed 
in  the  center  of  the  coil.  The  needle  will  not  deflect  when  the 
commutator  bar  with  the  grounded  coil  is  located. 

All  of  the  work  outlined  below  is  done  in  connection  with 
the  portable  armature  testing  yoke.  Fig.  2,  and  lighting-out 
line  Fig.  4-     (R.O.D.  Jan.  '19). 

OPEN   CIRCUITS 

Tests— Magnetic— '^o  indication  by  this  test. 

Sparking— Two  adjacent  commutator  bars  will  give  a 
bright  blue  "spark.  Same  condition  will  be  found  diametrically 
opposite. 

To  Locate— Remove  the  top  leads  from  three  commutator 
bars  on  one  side  and  from  two  commutator  bars  on  the  other 
side.  Place  one  terminal  of  the  lighting-out  line  on  the  coil 
leads  and  the  other  terminal  on  the  commutator  bar  to  which 
the  other  end  of  this  coil  is  connected.  If  the  lights  do  not 
burn,  this  coil  is  open  circuited. 

To  Repair — If  the  place  where  the  coil  is  broken  can  be 
located,  being  in  the  lead  or  exposed  surface  of  the  coil,  the 
wires  can  be  spliced.  If  the  break  caitnbf  be  found,  remove 
ihc  coil  and  replace  by  a  new  one. 

CROSSED  LEADS— SINGLE  CONDUCTOR  PER  COIL 

Tests — Magnetic— Shows  on  armature  core  at  four  slots 
spaced  about  one-fourth  the  way  around  the  armature. 

Sparking — One  commutator  bar  will  be  found  that  gives 
no  spark  when  short  circuited  to  the  adjacent  bars  on  both 
sides.     The  same  condition  will  be  found  diametrically  opposite 

To  Locate— Liit  the  top  leads  from  five  bars  at  one  of 
these  places,  and  from  three  bars  at  the  other  point.  Light 
out  the  leads. 

To  Repair — Place  the  leads  in  proper  commutator  bars 
and   rcsolder. 

DOUBLE  CONDUCTORS  PER  COIL 

Sometimes  when  the  leads  are  in  parallel  in  putting  on 
the  sleeving,  the  leads  may  be  paired  wrong.  This  generally 
happens  to  the  bottom  leads. 

Tests — Magnetic — Same  as  above. 

Sparking — Same  as  above,  except  you  will  get  a  faint 
spark  instead  of  no  spark. 

To  Locate — Same  as  above. 

To  Repair — Pair  the  leads  properly,  insulating  the  wire 
where  the  reversed  cross  is  made,  place  in  the  proper  com- 
mutator bars  and  rcsolder. 

SHORT  CIRCUITS— BETWEEN  TURNS  OP  SAME  COIL 

Tests — Magnetic — On  the  core  only  one  slot  is  magnetized. 
When  the  commutator  is  at  the  right,  this  indicates  that  the 
top  coil  in  this  slot  is  the  defective  coil. 
Sparking — No  indication. 

To  Locate — Remove  the  commutator  end  band  and  test. 
If  it  is  still  short-circuited,  remove  the  pinion  end  band  and 
test.  If  it  is  still  short-circuited  with  the  exciting  current  on, 
and  a  piece  of  sheet  iron  over  the  armature  slot,  containing 


the  short  circuited  coil,  by  means  of  a  screw  driver  shift  the- 
leads  and  wire  at  the  ends  of  the  coil.  The  piece  of  sheet 
iron  will  drop  off  when  the  wires  that  are  short  circuited  are- 
separated.  When  the  short-circuit  disappears,  search  at  the- 
point  of  last  operation  for  the  trouble. 

To  Repair— li  trouble  can  be  located,  repair  the  datnaged 
insulation  and  reband.  If  unable  to  locate  the  short-circuit^. 
remove  the  defective  coil  and  replace  it  by  a  new  one. 

BETWEEN  ADJACENT  COILS   OR  COMMUTATOR  BARS 

Tests — Magnetic — Shows  on  armature  core  at  four  slots- 
placed  about  one-fourth  way  around  the  armature. 

Sparking — Between  two  adjacent  bars,  there  will  be  no- 
spark,  and  diametrically  opposite,  there  will  be  a  faint  sparlc 
between  three  adjacent  bars.  This  indicates  that  the  short- 
c^ircuit  will  be  between  or  near  the  two  bars  that  show  no- 
sparking. 

To  Locate — Clean  the  exposed  mica  between  the  dead 
commutator  bar  and  test.  If  it  is  still  short-circuited,  lift  the 
top  leads  from  the  two  bars  that  do  not  spark  and  the  top' 
leads  from  the  three  bars  showing  the  faint  spark.  With  the- 
lighting-out  line,  test  the  leads  for  short-circuits.  Mark  the- 
leads  that  show  short-circuits,  then  lift  the  bottom  lead  of  one- 
of  these  marked  coils  in  the  commutator.  Test  with  lighting- 
out  line  between  the  disconnected  commutator  bar  and  the  one 
to  which  the  other  short-circuited  coil  lead  is  connected.  This- 
will  show  whether  the  trouble  is  in  the  commutator  or  the  coiL 


Telephone    Receiver 


FIG.    ig — TELEPHONE  TEST  SET 

To  Repair — If  the  short-circuit  is  in  the  commutator,  ex- 
amine the  mica  again  very  carefully.  If  the  trouble  cannot 
be  located,  it  will  be  necessary  to  take  out  the  front  commu- 
tator \'-ring  and  remove  the  two  short-circuited  commutator- 
bars.  Careful  examination  will  usually  reveal  the  trouble- 
which  is  mostly  due  to  carbon  dust,  dampness,  metal  chips,. 
solder  or  defective  insulation. 

If   the   trouble   is   in   the   coil   proceed  as   outlined   under 
"Between  Turns  of  Same  Coil." 
BETWEEN  COILS  NOT  ADJACENT   (1  to  8,  4  OB  B) 

Tests — Magnetic — Shows  on  armature  core  in  four  groups- 
of  slots  spaced  about  one-fourth  way  around  the  armature. 
The  number  of  slots  varies,  depending  upon  the  location  of 
the  short-circuit. 

Sparking — Between  2,  3,  4  or  S,  adjacent  bars  faint  spark- 
ing will  be  noticed.  The  same  condition  occurs  diametrically 
opposite. 

To  Locate — Proceed  in  the  same  way  as  above  "Between 
Adjacent  (joils  or  Commutator  Bars,"  except  lift  more  leads 
on  each  side  of  the  commutator  bars.  With  lighting-out  line 
test  each  lead  with  every  other  lead  until  the  short-circuit  is 
located. 

To  Repair — Same  as  given  under  "Between  Turns  of  Same 
Coil." 
BETWEEN  COILS  NOT  ADJACENT  (1  to  10,  15  OR  25) 

This  trouble  is  generally  found  to  occur  at  a  point  where 
the  leads  of  one  coil  come  in  contact  with  the  end  extension 
of  another  coil. 

Tests — Magnetic — Show  on  the  armature  core  in  four 
groups  of  slots  spaced  about  one-fourth  the  way  around  the? 
armature.  The  number  of  slots  varies  depending  upon  the: 
location  of  the  short-circuit. 
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Sparking — Between  a  number  of  commutator  bars  faint 
•sparking  will  be  noticed.  The  same  condition  in  four  groups 
located  about  one-fourth  the  way  around  the  armature.  Some 
times  some  of  these  bars  will  be  dead. 

To  Locate — Disconnect  all  of  the  top  leads  raising  them 
just  high  enough  to  clear  the  commutator.  With  fine  copper 
wire  make  a  turn  around  each  lead  to  connect  all  the  leads 
together.  With  a  lighting-out  line  test  between  each  lead  and 
the  entire  group  as  you  separate  them,  until  one  of  the  short- 
circuited  leads  is  located.  With  the  terminal  on  the  lead, 
that  is  short  circuited,  test  the  balance  of  the  group  until  the 
other  short  circuited  lead  is  located.  Mark  these  two  leads 
and  bend  back,  then  test  again  and  if  the  short-circuit  dis- 
appears the  trouble  was  on  the  top  lead.  If  the  coils  are  still 
short-circuited  locate  and  mark  the  commutator  bars  to  which 
the  short-circuited  leads  are  connected.  Follow  the  bottom 
leads  from  these  commutator  bars  back  under  the  winding, 
lifting  the  windings  until  the  short-circuit  is  located. 


To  Repair — Same  as  given  under  "Between  Turns  of  Same 
Coil." 

PARTIAL    SHORT-CIRCUIT 

Sometimes  conductors  become  partially  short-circuited 
which  shunts  a  portion  of  the  current  only. 

Tests — Magnetic — Shows  on  armature  core  at  four  slots 
spaced  about ,  one-fourth  way  around  the  armature. 

Sparking — Between  two  adjacent  bars  there  wjll  be  faint 
sparking  with  the  same  indication  on  three  bars  diametrically 
opposite. 

To  Locate — Lift  the  top  leads  from  three  bars  on  one  side 
and  from  two  bars  on  the  opposite  side.  With  lighting-out 
line  locate  the  short-circuit. 

To  Repair — Same  as  given  under  "Between  Turns  of  Same 
Coil."  James  W.  McCorkle 


OUR  subscribers  are  invited  to  use  this  departtnent  as  a  means  of  securing 
authentic  information  on  electrical  and  mechanical  subjects.  The  topics 
should  be  of  i^eneral  interest;  information  invohiiu;  the  specific  design  of 
individual  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  for  an  intelligent  answer. 


A  PERSONAL  reply  is  mailed  to  each  questioner  enclosing  a  stamped,  self 
addressed  envelope  as  soon  as  the  necessary  information  can  be  obtained. 
Anon>mous  questions  cannot  be  considered.  As  each  question  is  answered 
by  an  expert  on  the  subject  in\  olved,  and  checked  by  at  least  two  others, 
a  reasonable  le       '      '  '  ' 


;  length  of  t 


uld  be  allowed  before  expectinj' : 


1741 — Phase  Transformation  —  Please 
give  the  connections  necessary  for  a 
transformation  from  two  phase  to  six 
phase     diametrical ;     also     from     two 
phase     to     six     phase     double     delta. 
What  is  the  vector   relation   between 
the  currents  and  voltages  of  the  high 
and   low   tension   sides   of   the  trans- 
former in  each  case?  g.mc.  (n.v.) 
A  six-phase  relation  can  be  obtained 
from  a  two-phase  line  with  two  trans- 
formers,  using  a   double   Scott   connec- 
tion, but  this  transformation  cannot  be 
said    to    be    "six-phase    diametrical'    or 
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FIGS.    1741(a)    to    (d) 

"six-phase  double  delta."  Fig.  (a) 
shows  the  scheme  of  transformer  con- 
nections. Fig.  (b)  shows  the  primary 
and  secondary-  windings  of  the  main 
and  teaser  transformers  in  their  phase 
positions.  Fig.  (c)  shows  the  vector 
relations  of  current  and  voltage  in  M, 
and  Ti,  and  Fig.  (d)  in  A/;  and  T^, 
assuming  a  load  of  unity  power-factor. 
w.E.n. 

1742 — Transformer  Connections  For 
Rotary  Converter — When  it  is  de- 
sired to  change  the  direction  of  rota- 
tion of  a  six-phase  rotary  converter, 
and  it  is  impracticable  to  change  the 
primary  transformer  leads,  how  may 
the  desired  result  be  obtained  by  inter- 


changing the  secondary  leads  to  the 
machine?  Give  diagrams  (a)  double 
delta  (b)  double  star  (c)  diametrical. 
Three  single-phase  transformers  are 
used  in  each  case.  j.g.c.   (md.) 

The  direction  of  rotation  of  a  rotary 
converter  can  be  changed  most  readily 
by  changing  the  connections  of  four  of 
the  primary  leads  to  the  line  as  shown 
in  the  following  diagrams.  The  connec- 
tions of  Fig.  (b)  will  give  a  direction 
of  rotation  the  reverse  of  that  of  Fig. 
(a).  The  same  changes  will  produce 
a  reversal  regardless  of  the  secondary 
connections.  If  this  is  not  feasible,  the 
direction  of  rotation  may  be  changed  by 
reversing  the  order  in  which  the  cables 
are  connected  to  the  slip  rings  as  shown 


in  Fig.  (c),  in  which  the  numbers  above 
the  rings  represent  the  order  for  one 
direction  of  rotation,  and  those  just 
below  the  rings,  the  opposite  direction. 
Since  it  makes  no  difference  which  cable 
is  connected  to  any  particular  ring,  so 
long  as  they  are  connected  in  the  proper 
order,  it  may  be  easier  to  connect  them 
according  to  the  second  set  of  numbers 
below  the  rings,  which  are  in  the  same 
order,  but  leave  cables  i  and  4  connected 
to  the  same  rings  as  before.  w.m.m. 

1743 — Generator  Efficiency — In  deter- 
mining the  efficiency  of  the  prime 
mover  in  a  hydroelectric  unit  would 
it  be  proper  to  use  the  generator 
efficiency  in  connection  with  the 
measured  output  of  the  generator  to 
arrive  at  the  output  of  the  wheel? 
I  ask  this  question  for  it  seems  to  me 
that   the   field   copper   loss,   not   being 


a  loss  due  to  rotation,  should  not  be 
credited    to    the    wheel    output.     The 
above  item  may  not  amount  to  very 
much  in  some  machines  but  I  have  in 
mind  a  small,  low-speed  alternator,  in 
which  this  would  be  quite  a   factor. 
o.a.f.   (me.) 
The    conventional    efficiency    of    the 
generator  should  not  be  used  to  deter- 
mine the  output  of  the  waterwheel.    If 
the  excitation  is  furnished  by  a  separ- 
ately-driven    exciter     the     waterwheel 
does  not  supply  the  field  loss  which,  of 
course,    is    included    in    the    generator 
efficiency.     If  there  is  a  direct-connected 
exciter,  the  waterwheel  supplies  the  loss 
in  the  field,  but  in  addition  it   supplies 
exciter    losses    which    are    not    included 
in  the  generator  efiiciency.    To  find  the 
output  of  the  waterwheel  it  is  necessary 
to   work   out   an   efiiciency   based   upon 
the    losses    which    it    supplies.     In    the 
case   of   unit  having   a   direct-connected 
exciter  the  losses  to  be  included  are: — 
PR  losses   in   armature  and  field,   core 
loss,    load    loss,    friction    and    windage 
loss,    rheostat    loss,    and    total    exciter 
losses.     For  a  unit  having  separate  ex- 
citation the  exciter  losses,  rheostat  loss 
and  field  PR  loss  should  be  omitted. 
Q.G. 

1744 — Resistances  in  Series  Multiple 
— Please  show  us  how  to  calculate 
the  amount  of  current  in  the  different 
resistance  coils  in  Fig.  (a). 

G.H.s.  (pa.) 

This  is  the  familiar  problem  of  the 
Wheatstone  Bridge,  shown  in  a  more 
familiar  form  in  Fig.  (b).  Let  U,  W, 
X,  Y  and  Z  represent  the  currents  in  the 
respective  coils.     Then  multiplying  these 
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FIGS.  1744(a)  and  (b) 

currents  by  the  resistance  values,  equa- 
tions (i),  (2)  and  (3)  are  obtained, 
which  represent  the  potential  drops 
through  the  circuits  on  an  assumption 
that  current  flowing  from  left  to  right 
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in  Fig.  (a)  is  positive.  The  direction 
of  current  in  X  is  unknown,  but  the 
algebraic  sign  for  its  value  in  the 
solution  will  give  the  direction  of  cur- 
rent. From  the  law  that  the  sum  of 
all  currents  flowing  towards  a  given 
point  must  equal  zero,  equations  (4) 
and  (5)  are  obtained.  Having  five 
simultaneous  equations  with  five  un- 
knowns the  solution  is   obvious. 

4IV  +  2X  -f  3F  =  100  (I) 
U   +  sY  =  100  (2) 

4(j/  +  5Z  =  100  (3) 

u  +  X  -  y  =    o  (4) 

W  ^    X  —    Z  =      o  (5) 

J. B.C. 

1745 — Testing  Power-Factor  Meters 
Is  it  possible  to  test  correctly  a  three- 
phase  power-factor  meter  with  the 
connections  shown  in  Fig.  (a)  using 
a  three-phase  source  of  supply?  The 
potential  leads  of  the  meter  are  con- 
nected across  one  phase  and  a  non- 
inductive  resistance  is  connected  in 
each  of  the  three-phases  to  supply 
current  to  the  current  coils.  With  all 
the  circuits  intact  as  in  Fig.  (a)  will 
the  meter  indicate  unity  power-factor? 
I  tried  the  above  method  but  failed 
to  get  results,  applying  the  red  line 
and  rotation  checks.  g.e.h.  (chid) 

A  test  can  be  obtained  as  shown  in 
Fig.  (a).  However,  the  tester  must 
consider  that  there  is  some  impedance 
caused  by  the  resistors  in  the  circuit. 
The  reactive  factor  of  the  resistors,  un- 
less predetermined,  will  have  to  be 
corrected  for,  when  reading  the  instru- 
ment, to  obtain  a  reading  of  unity 
power-factor.      The     instrument,     when 
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FIG.  1 745 (a) 

properly  connected  in  phase  sequence, 
and  in  phase  relation  with  the  voltage 
coil,  should  give  a  reading  of  unity 
power-factor  when  the  currents  in  all 
three  phases  are  the  same.  There  must 
be  no  inductance  in  the  circuit  such  as 
resistance  tubes  or  impedance  coils.  In 
running  experimental  tests  at  the 
laboratory  lamps  arc  generally  used  as 
the  resistance  to  balance  the  current 
side,  and  all  possibilities  of  reactance 
in  the  circuit  is  avoided.  The  power- 
factor  may  be  changed  by  means  of  a 
phase  shifting  transformer,  or  a  syn- 
chronous device  of  some  sort.         h.p.s. 

1746— Rf.versal  of  Exciter  Voltage — 
Two  turbine-driven  alternators  of 
2200  volts,  500  kw  capacity,  with 
direct-connected  exciters  are  operat- 
ing in  parallel.  The  exciters  are 
commutating-pole,  compound  wound 
with  the  usual  equalizer  connection. 
They  arc  connected  in  parallel  and 
are  under  Tirril  regulator  control. 
One  exciter  overcomes  the  other 
apparently  and  it  becomes  motorized. 
The  generators  drop  their  load  but 
very  soon  pick  it  up  again,  but  with 
both  exciters  reversed.  Is  it  possible 
for  one  exciter  to  reverse  the  other 
(where  the  usual  equalizer  connection 
is  used)  and  why,  after  the  alternators 
have  dropped  their  load  and  picked  it 


up  again,  are  both  exciters  reversed? 
E.M.    (N.Y.) 
With  an  e.xciter  system  in  proper  ad- 
justment, it  is  practically  impossible  for 
a    reversal   of    polarity   to   occur.     If   it 
does  happen,   the  cause  is  likely  to   be 
found     in     some     abnormal     condition. 
Generally,  such  reversal  results   from  a 
demagnetizing     action     of     the     exciter 
load    current.     When    a    surge,    for   in- 
stance, causes  the  regulator  to  diminish 
the     exciter    voltage     to    a    low    value 
momentarih',  the  exciter  load  current  is 
not    reduced    much    on    account    of    the 
inductance   of   the   alternator   field,   and 
the  demagnetizing  effect  may  overpower 
the  weak  shunt  field,  thereby  reversing 
the  polarity.     This  demagnetizing  action 
would  be   present  in   an   exciter  having 
its  brushes  shifted  forward  and  having 
little   or   no   series   field,   or  a   reversed 
scries.     In  a  commutating-pole  machine, 
where   the   brushes    are    set   on    the    no 
load    neutral,    the    armature    would    not 
produce  a  demagnetizing  effect,  but  this 
effect     could     come     from     a     reversed 
series   winding.      The   motoring  of   one 
exciter  by  the  other  would  not  be   ex- 
pected   to    cause    polarity    reversal.      If 
it   is   the   cause,   some   unusual   and   un- 
looked-for combination  of  circumstances 
must    exist.      Stable    parallel    operation 
requires     that     each     machine     have     a 
tendency   to   shirk   its   load,   that   is,   an 
increase    of    the    load    on    one    exciter 
should    he    followed   by   a    reduction    in 
the  voltage  of  that  exciter  with  a  con- 
sequent  tendency    to   drop   its    load.     A 
relatively  high  internal  drop,  a  drop  in 
speed    with    increasing    load,    a   bucking 
scries    ("connected  inside  the  equalizer), 
and   a    forward   brush   lead,   all   add   to 
this    tendency   to    shirk.     This   tendency 
is  lessened  or  removed  if  an  unbalanc- 
ing of   the   load   between   the   two   ma- 
chines   is    followed    bv    an    appreciable 
magnetizing    effect    in    the    one    taking 
more  than  its  share  of  the  load,  and  the 
reverse  in  the  other.     This  is  not  liable 
to   occur   if   the   equalizer   resistance   is 
very    low,    and    there    is    a    reasonable 
degree    of    saturation    in    the    magnetic 
circuits.      In     the     present     case,     these 
stabilizing  influences  would  be  weak,  or 
absent,    so   a    comparatively    slight    dis- 
turbance   may    cause    considerable     in- 
equality' in   the   load   division,   and   may 
result    in    a    circulation    of    current   be- 
tween  the   two   machines.     The   parallel 
operation    could    be    made    much    more 
reliable   by   the  use   of   a   light   bticking 
series  winding,  connected  inside  of  the 
equalizer,  say  between  the  equalizer  and 
the    commutating-pole    winding; — or   bv 
reversing    the    present     series    winding 
and     doing    away    with     the     equalizer. 
This     bticking    effect    should    be    quite 
small,     or    else    polarity    reversal    may 
occur  in  the  way  suggested  above;  and 
it  must  be  made  certain  that  the  shimt 
field   winding  has   sufTicient   capacity   to 
carry    the    increased    ampere-turns    re- 
nuircd    from    it.      With    more    complete 
data    at    hand,    probably    a    more    safis- 
factnrv  explanation   of  the  phenomenon 
could  be  offered.  FT..M. 

17.17— Three-Pit  ASF.  Transformation — 
Three  single-phase  transformers  con- 
nected delta-delta  deliver  3000  k.v.a. 
If  these  same  transformers  are  con- 
nected star-star  using  the  same  coil 
taps  as  for  delta-delta,  will  they  de- 
liver the  same  voltage  and  k.v.a.  at 
the  same  temperature?  n.R.K.  (cat..') 
When  the  method  of  connecting  the 

transform.crs   is  changed   from   delta  to 


star,  the  line  voltage  should  be  in- 
creased 73  percent  as  shown  by  the 
vector  diagrams.  If  the  voltage  is  not 
increased    for   the    star   connection,    the- 
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FIGS.    1747(a)    to    (d) 

output  (assuming  the  same  current  ini 
the  windings)  will  be  only  58  percent 
of  that  for  delta  connection.  The  iron' 
loss  will,  however,  be  lower.        w.m.m. 

1748— Reversal    of    Commutating-Pole 
Generator — Please  explain  the  action' 
of  a  commutating-pole  generator  when 
it  becomes  reversed  with  a  very  small 
load,    (say  one-third   full   load)  ;   and' 
also  what  is  the  most  usual  cause  of 
reversal.     Is  it  caused  by  the  increased 
amperage   through   the   demagnetizing 
turns  on  a  short-circuit  overpowering 
the   field   of   a   dynamo,   which  would 
))econie  weaker  owing  to  the  drop  in 
voltage  of  the  machine  (not  on  a  com- 
pound dvnamo  with  cumulative  wind- 
ing) ?  G.L.K.   (alberta') 
Any     direct-current     generator     con- 
nected    to     build     up     with     one     field' 
polarity,    will    also    build    up    with    the 
opposite     field     polarity     without     any 
change   in   the   connections   of   the  field 
and  armature  circuits.     Hence,  in  seek- 
ing the  reason  for  an  accidental  reversal 
of   polarity,   one   should   look   for  some- 
action   which   may   result  in   a   reversal 
of    the    residual    magnetism.     A    short- 
circuit  is  liable  to  cause  a  reversal  of 
polarity   if   the   load   current   has   a   re- 
sultant    tendency     to     demagnetize    the 
field.     This    condition    occurs    in    non-    , 
commutating  pole   generators,  having  a 
forward  brush  shift,  and  a  weak  series 
field  or  none  at  all.     The  machine  volt- 
age   falls    rapidly    on    short-circuit,    bul 
due    to    the    inductance    of    the    circuit,- 
some  current  is   still   flowing  when  the 
field  flux  has  been   reduced  to   residual' 
value,  and  the  demagnetizing  effect  may 
be  sufficient  to  reverse  the  residual  mag- 
netism.     .\    similar    action    may    occur 
with  a  compound  generator  on  a  fluctuat- 
ing  voltage    circuit,    such    as    a    trolley- 
line.     A  sudden  increase  in  line  voltage- 
will  reverse  the  current  in  the  machine. 
The    resultant    demagnetizing    effect    "f 
ihe    series    winding    weakens    the    field' 
and,     therefore,    lowers     the     generated' 
voltage    still    further,    the    action    being 
cumulative.      This    may     result    in    the 
field   flux  being  wiped   out  or   even   re- 
versed, before  the  breaker  opens.    Other 
possible  causes  of  reversal  are  the  fol- 
lowing:—  Defective     insulation,     which 
permits   current   from   other  circuits   to 
leak   through   the   field   coil ;_  lightning; 
accidental    contact    of    machine    circuit 
with  outside  high  potential  lines.     When 
a    machine    has    been    idle    for    a    long 
time,  stray  fields  from  neighboring  ma- 
chines   may   reverse    the    residual    mag- 
netism. FL.M. 

CORRECTION 
The  second  line  in  question  No.  1700^ 
Feb.   'in.    should   read   "220  volt   direct- 
current    I'an   motors." 
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The  highest  honor  in  'h?  gift  of  the 

Benjamin  American  Institute  of  1  lectrical  En- 

Q_  gineers  — the     Edison     Medal —  has 

Lamme  been  conferred  this  year  upon  Ben- 

jamin G.  Lamme,  chief  engineer  of 
the  W  estinghouse  Electric  &  Mfg.  Company.  Mr. 
Lamme's  career  as  engineer  and  inventor  is  too  well 
known  to  need  detailed  repetition  here.  He  has  so 
long  occupied  a  place  of  great  prominence  in  his  pro- 
fession and  has  been  so  signally  honored  at  various 
times  that  his  name  is  known  and  his  engineering  at- 
tainments are  recognized  among  electrical  engineers 
throughout  the  world  as  of  the  highest  order. 

The  rapidly  developing  engineering  profession 
is,  however,  receiving  constant  accessions  of  young 
men  from  our  technical  schools  and,  as  Mr.  Lamme's 
career  is  so  striking  an  example  of  the  possibilities  for 
growth  and  attainment  by  young  men  in  that  profes- 
sion, and  he  himself  is  so  greatly  interested  in  seemg 
young  engineers  of  talent  develop,  a  brief  statem.ent 
liere  of  the  personal  history  of  this  remarkable  engi- 
neer may  serve  to  stimulate  and  inspire  young  men 
\rorking  in  this  field. 

]Mr.  Lamme  was  born  on  a  farm  near  Spring- 
field, Ohio,  and  received  his  first  education  in 
the  country  schools  of  that  vicinity,  later  entering  Ohio 
State  University,  from  which  he  graduated  as  mechani- 
cal engineer  with  the  class  of  1888.  The  following 
year  he  entered  the  testing  department  of  the  Wcst- 
inghouse  Electric  &  Mfg.  Company,  soon  taking  up 
designing,  with  which  he  has  been  identified  ever  sii.ce. 
His  conspicuous  ability  as  a  mathematician  and  his 
keen  analytical  mind,  coupled  with  absolute  reliability, 
and  yet  boldness  in  attainment,  soon  marked  him  for 
advancement  and  he  rapidly  progressed  to  the  position 
cf  assistant  chief  engineer,  and  in  1903  to  chief  eligi- 
neer  of  the  Company,  which  position  he  has  held  since 
that  time. 

He  has  always  been  a  leader  in  the  development 
of  many  of  the  most  important  lines  in  the  greatly 
complicated  and  widely  extended  field  of  electrical  en- 
gineering. His  original  inventions — several  of  them 
epoch-making  in  their  scope — are  covered  by  more 
than  one  hundred  and  fifty  patents.  During  Mr.  West- 
inghouse'  life,  Mr.  Lamme  was  constantly  called  upon 
by  him  for  development  and  pioneer  work  in  the  elec- 
trical field  and  the  confidence  and  trust  thus  placed  in 
him  were  amply  justified  by  the  many  remarkable  in- 
ventions produced  in  both  the  alternating  and  direct- 
current  fields. 

In  addition  to  his  duties  as  chief  engineer  of  the 


Westinghouse  Electric  &  Mfg.  Company,  Mr.  Lamme 
has  for  many  years  been  chairman  of  a  standing  c:)m- 
mittee  which  passes  on  the  character  and  value  of  all 
inventions  brought  to  the  attention  of  the  Company. 
Furthermore,  when  at  the  beginning  of  the  war  the 
American  Institute  of  Electrical  Engineers  were  re- 
quested by  the  Secretary  of  the  Navy  to  name  two  men 
of  the  highest  engineering  attainments  as  members  of 
the  Naval  Consulting  Board,  then  being  formed,  they 
chose  Mr.  Lamme  as  one  of  them  from  a  membership  of 
upwards  of  ten  thousand,  thus  conferring  upon  him  a 
most  distinguished  honor  and  giving  him  the  higiest 
lank  as  an  engineer  and  inventor. 

With  all  his  honors  and  attainments,  Mr.  Lamme 
i£-  modest  almost  to  shyness,  but  has  never  failed  to 
take  a  great  interest  in  young  engineers.  He  person- 
ally examines  each  year  a  large  number  of  the  young 
graduates  from  the  various  technical  schools  and  col- 
leges who  are  beginning  their  professional  work  with 
the  Company  and  selects  those  who  give  evidence  of 
ability  to  develop  rapidly  to  form  a  class  in  higher  en- 
gineering studies  which  he  personally  teaches,  follow- 
ing these  men  in  their  work  until  they  become  fully 
developed.  Many  of  the  Company's  most  talented 
engineers  can  testify  to  the  remarkable  stimulus  gained 
by  their  personal  contact  with  Mr.  Lamme. 

His  reading  and  knowledge  are  by  no  means  con- 
fined to  engineering  subjects.  His  keen  mind  has 
worked  in  many  fields  of  intellectual  endeavor  .^nd 
given  him  a  breadth  of  learning  and  information  rarely 
found.  He  is  courageous,  resourceful  and  persistent 
in  his  work,  courteous  and  considerate  in  his  dealiiigs 
with  all  and  is  held  in  the  highest  esteem  by  those  who 
know  him  best.  E.  M.  Herr 


In  February,  1904,  a  fund  was  pro- 

The  vided  and  a  deed  of  gift  creating  the 

Edison  Edison     Medal     executed      between 

Medal  twenty-three     individuals     ^nd     ihe 

New    York    Trust    Company,    such 

deed   being   amended    in    March,    1908,   to    include   as 

one  of  the  parties  thereto  the  American   Institute  of 

Electrical  Engineers,  whereby  it  was  provided,  among 

other  things,  as  follows : — 

"The  Institute  shall,  through  a  Committee  to 
be  duly  appointed  and  authorized  by  it  and  known 
as  The  Edison  Medal  Committee,  cause  a  gold 
medal  to  be  executed  from  said  die,  or  according 
to  said  design  and  specifications,  and  shall  award 
said  medal  to  some  one  resident  of  the  United 
States  of  America  and  its  Dependencies,  or  of  the 
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Dominion  of  Canada  for  "Meritorious  Achieve- 
ment" in  Electrical  Science  or  Electrical  Engineer- 
ing or  the  Electrical  Arts,  whenever  in  the  judg- 
ment of  said  Committee  a  resident  of  either  of 
said  countries  is  properly  deserving  of  such  award; 
provided,  nevertheless,  the  requisite  funds  have 
accrued  from  said  investment  to  so  be  made  by  the 
Trust  Company." 

In  compliance  with  the  obligation  assumed  by  it 
the  American  Institute  of  Electrical  Engineers  in  May, 
1909,  approved  a  set  of  by-laws  of  The  Edison  Medal 
Committee  creating  the  machinery  and  prescribing  the 
method  of  procedure  to  be  thereafter  followed  in 
awarding  the  Edison  Medal.  Since  that  time  awards 
liave  been  made  as  per  the  following  list  of  names  and 
for  the  accomplishments  as  set  forth,  it  being  the  pi  ivi- 
lege  and  duty  of  The  Edison  Medal  Committee  both 
to  make  the  award  and  to  state  with  great  care,  as 
briefly  as  may  be,  the  reasons  for  their  action.  The 
list  of  distinguished  men  who  have  been  honored  by 
these  awards  is  the  best  testimony  of  the  way  in  which 
this  important  matter  has  been  handled  by  the  Commit- 
tee having  it  in  charge : — 

1909 — Elihu  Thomson —  "For  Meritorious 
Achievement  in  Electrical  Science,  Engineering  and 
Arts,  as  exemplified  in  his  contributions  thereto  dunng 
the  past  thirty  years." 

1910 — Frank  J.  Sprague — "For  Meritorious 
Achievement  in  Electrical  Science,  Engineering  rnd 
Arts,  as  exemplified  in  his  contributions  thereto. 

191 1 — George  Westinghouse — "For  Meritorious 
yVchievement  in  Connection  with  the  Development  of 
the  Alternating  Current  System  for  Light  and  Power". 
1912 — William  Stanley — "For  Meritorious 
Achievement  in  Invention  and  Development  of  Alter- 
nating Current  Systems  and  Apparatus". 

1913 — Charles  F.  Brush — "For  Meritorious 
Achievement  in  the  Invention  and  Development  of 
the  Series  Arc  Lighting  System". 

1914 — Alexander  Graham  Bell — "For  Meritori- 
ous Achievement  in  the  Invention  of  the  Telephone". 

1916 — Nikola  Tesla — "For  Meritorious  Achieve- 
ment in  his  early  original  work  in  Polyphase  and  High- 
frequency  Electrical  Currents". 

1917 — John  J.  Carty — "For  his  work  in  the 
Science  and  Art  of  Telephone  Engineering". 

igi8 — Benjamin  G.  Lamme — "For  Invention  and 
Development  of  Electrical  Machinery". 

Calvert  Townley 


The  article  on  "European  High-Volt- 
European         age  Switchgear"  in  this  issue  brings 
Switchboard      out  many  interesting  points  of  dif- 
Practice  ference      between      European      and 

American  practice.  This  is  espe- 
cially noticeable  in  the  British  designs,  where  govern- 
ment regulation  has  required  much  greater  precaution 


in  completely  enclosing  all  live  metal  parts  than  has  been 
customary  either  on  the  continent  or  in  tliis  country 
Aside  from  these  features  the  essential  differences  are 
those  produced  by  the  radically  different  conditions  un- 
der which  tlie  central  stations  were  developed.  The 
transmission  of  large  blocks  of  power  for  long  distances 
has  been  developed  in  this  country  to  a  much  greater  ex- 
tent than  in  Europe,  and  this  high-voltage  practice,  in 
which  open  wires  and  wide  clearances  are  absolutely 
necessary,  has  influenced  the  designs  for  lower  voltages 
in  a  way  that  has  not  been  felt  in  the  design  of  appar- 
atus for  which  20  000  volts  was  considered  the  upper 
limit. 

American  practice  has  also  been  to  educate  the 
workman  with  respect  to  the  hazards  of  his  profession, 
and  then  to  depend  largely  on  his  intelligence  to  avoid 
accidents.  Hence  the  safety  features  of  American 
switchboards  are  largely  limited  to  the  omission  of 
high-voltage  contacts  from  the  front  of  the  switch- 
boards, or  in  the  case  of  the  higher  voltages,  and  espe- 
cially in  the  larger  stations,  from  the  switchboard 
galleries ;  and  to  preventing  the  access  of  unauthorized 
persons  to  any  part  of  the  station  equipment.  The  use 
of  completely  enclosed  low-voltage  switches,  and  of 
truck  type  and  other  enclosed  conductor  switchboard 
features  has  so  far  been  largely  limited  to  industrial  ap- 
plications and  to  switchboards,  in  substations  or  small 
plants  in  hotels,  office  buildings,  etc.  where  highly 
skilled  attendants  are  not  always  provided  and  where 
it  is  almost  impossible  to  prevent  the  entrance  of  other 
employees.  It  is  altogether  possible  that  with  the  in- 
creasing difficulty  of  obtaining  skilled  attendants  and 
the  corresponding  necessity  for  preventing  the  possi- 
bility of  accidents  resulting  from  carelessness,  this  type 
of  switchboard,  which  has  reached  its  highest  present 
development  in  Great  Britain,  may  become  more  com- 
mon in  this  country. 

At  any  rate  this  tendency  in  British  practice  is 
worthy  of  careful  attention.  The  placing  of  a  20000 
volt,  three-phase,  high  powered  bus  in  a  comparatively 
small  cast-iron  box,  as  is  done  in  the  Reyrolle  switch- 
gear,  and  the  securing  of  absolute  safety  of  inspection 
without  exposed  disconnecting  switches,  makes  this  ar- 
rangement very  interesting  to  American  engineers,  ac- 
customed to  see  concrete  construction  and  bare  copper 
busses  and  connections  for  such  a  voltage  as  20  000. 

The  cellular  construction  of  the  circuit  breaker 
compartments  shown  in  the  illustrations  does  not  differ 
greatly  from  American  switchboard  practice.  Many 
minor  points  of  variation  are,  however,  illustrated  and 
especially  the  carrying  of  the  gas  vent  from  the  top  of 
the  circuit  breaker  tank  out  through  the  cell  doors  is 
not  seen  in  American  practice.  The  lightning  arrester 
installations  are  also  interesting,  as  such  large  horn 
gaps  are  seldom  installed  indoors  in  this  countrj',  where 
the  tendency  is  more  and  more  towards  locating  all 
high-voltage  equipment  out  doors. 
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B.  A.  Behrend 
An  address  delivered  on  the  occasion  of  the  Presentation  of  tlic  Edison  inedal  to  Mr.  Lamme  by  the 
American  Institute  of  Electrical   Engineers  in  the  Auditorium  of  the  Engineering  Societies  Building,  New 
York  City,  May  l6,  1919. 


THE  DEVELOPMENT  of  the  electrical  industry 
in  America  is  contemporaneous  with  the  great 
industrial   organization   created   by   Mr.    George 
\\'estiughouse  and  in  the  examination  of  its  pioneers 
we    are    invariably    arrested    by    the    personality    of 
Mr.  Benjamin  G.  Lamme,  whom  it  is  our  pleasure  to 
honor  tonight  as  the  recipient  of  the  Edison   Medal. 
It  is  interesting  to  note  that  the  medalist  has  just  com- 
pleted thirty  years  of  service  with   the  Westinghcuse 
Company.     There  is  something  intensely  significant  in 
this  fact.     During  these 
thirty   years    there   have 
risen  and  there  have  van- 
ished, like  the  colors  in  a 
kaleidoscope,    many  able 
and  brilliant  men  who  were 
connected    with   the  West- 
inghouse    Company  in  one 
capacity  or  another.  Stead- 
fast,   patient    and    strong, 
there  has  remained  the  per- 
sonality of  Mr.  Lamme  to 
grow    stronger    with    the 
years,  so  as  finally  to  em- 
body in  himself,  as  it  were, 
the  thoughts    of    the  engi- 
neering staff.     I  must  con- 
fess that  I  have  always  en- 
joyed   Mr.    Lamme's    ver- 
satile personality  and  that, 
in    this  sense,  I    may  per- 
haps  be   accused    of    hero 
worship.     Let   the  subject 
matter  be  one  of  engineer- 
ing, one  of  politics,  of  the 
engaging   problems  of    the 
day  or  of  his  favorite  sub- 
ject   of     archeology,   his 
wholesome,  sound  sense  and 

penetrative,  subtle  intellect  will  always  impress  his  list- 
eners. In  point  of  illustration,  here  are  a  few  pithy  sen- 
tences taken  at  random  from  some  of  Mr.  Lamme's  writ- 
ings. "A  brilliant  mind  with  little  persistency  back  of  it 
will  usually  accomplish  less  than  a  much  less  brilliant 
mind  backed  by  great  persistency." — -"It  is  on  account 
of  specialization  that  it  is  so  important  that  the  young 
engineer  of  today  obtain  a  broad  knowledge  of  the  fun- 
damentals of  his  chosen  line  of  engineering." — "Such 
a  course  of  advanced  training  would  attract  a  great 
many  students  regardless  of  the  fact  that  the  training 
would.be  of  little  or  no  use  to  them." 


/^■-^ 


Endowed  with  a  most  unusual  memory,  and  a  facility 
for  mental  calculation  to  a  point  of  efficiency  which 
makes  him  spurn  the  ubiquitous  slide  rule,  he  combines 
an  imaginative  faculty  of  a  most  curious  order.  Pas- 
sionately fond  of  every  variety  of  intricate  puzzles, 
some  of  which  he  invented  himself,  devoted  to  read- 
ing imaginative  stories  and  tales  of  which  he  has  col- 
lected a  large  number  in  his  library,  he  is  forever  dis- 
secting and  analyzing  the  problems  which  come  within 
his  scope. 

After  this  introduction  to 
the  medalist's  personality, 
let  me  take  you  in  mind  to 
the  fertile  farm-land  of 
Southern  Ohio.  There,  by 
the  Valley  Pike,  in  Clarke 
County,  between  Dayton 
and  Springfield,  about  two 
score  and  ten  years  ago, 
Benjamin  Garver  Lamme 
was  born.  The  life  on  that 
farm  gave  him  the  rugged, 
•  constitution  without  which 

even  his  great  talents  would 
not  have  carried  him 
through.  "The  personal 
fly-wheel,"  as  he  calls  it, 
has  often  served  him  in 
good  stead.  Though  ex- 
tremely fond  of  squirrel- 
hunting,  it  is  to  be  assumed 
that  our  young  friend,  Ben- 
jamin, must  have  Hked 
other  things  better  than 
farming.  The  early  morning 
hours  in  1887  and  1888,  we 
are  told,  were  often  spent 
in  poring  over  the  pages  of 
Sylvanus  P.  Thompson's 
"Dynamo-Electric  Machinery."  Ohio  State  Uni- 
versity, the  cradle  of  a  group  of  talented  men, — Sabine, 
Storer,  Feicht,  Skinner,  Scott,  Mershon — was  also 
Mr.  Lamme's  Alma  Mater.  We  see  him  inter- 
terested  in  everything,  the  coach  of  the  men  of  lesser 
gifts,  and  graduating  eventually  as  mechanical  engi- 
neer. After  working  on  the  flow  of  air  and  gas  in 
pipes  for  the  professor  of  geology,  he  applied  for  a 
position  to  Mr.  Westinghouse,  who  had  then  just  or- 
ganized the  Philadelphia  Company  for  the  development 
and  exploitation  of  the  wells  of  natural  gas,  and  thus 
secured  a  "job"  in  Pittsburgh.     After  a  few  inonlhs. 
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his  employer,  Mr.  T.  A.  Gillespie,  recommended  him 
to  the  Electric  Company,  where  we  find  him  in  1889  in 
the  testing  department  under  Mr.  Albert  Schmid.  The 
conscientious  apprentice  was  instructed  to  polish  the 
brass  on  an  iioo  volt  alternator  and  he  showed  his 
thoroughness  in  omitting  no  brass  parts,  not  even  the 
current-carrying  brushes.  To  some  unknown,  fortun- 
ate circumstances  we  evidently  owe  the  fact  of  his  sur- 
vival. With  oil  can  in  hand,  scrupulously  watching  the 
bearings  of  the  machines  entrusted  to  his  charge,  Ben- 
jamin Lamme  is  a  familiar  sight  in  the  memory  of  liis 
early  associates. 

Soon  he  became  foreman  of  the  testing  department, 
and  within  a  year  his  mind  began  to  turn  to  inventions. 
From  1889,  in  increasing  numbers  from  year  to  year,  he 
obtained  patents,  reaching  the  rate  of  ten  a  year  in 
1898.  Then  we  note  a  slight  decline,  only  to  attain  a 
rate  of  sixteen  patent  applications  a  year  in  1904.  He 
has  obtained  at  the  present  time  the  surprising  total  of 

153- 

The  earlier  activity  was  associated  with  the  devel- 
opment of  the  rotary  converter,  the  later  with  that  of 
the  single-phase  system.  It  is  interesting  here  to  com- 
pare the  medalist's  own  estimate  of  his  connection  with 
these  developments,  and  I  quote: — 

"A  year  or  so  ago,  in  discussing  the  subject  concern- 
ing which  you  have  just  written  me,  you  mentioned  that 
the  single-phase  railway  motor  or  system  is  the  one  by 
which  I  was  best  known.  This  appears  to  be  true,  but  it 
has  seemed  to  me  unfortunate  that  it  should  be  so,  as  I 
do  not  consider  it  as  the  one  thing  for  which  I  should 
have  the  most  credit. 

As  you  may  know,  the  rotary  converter,  as  it  stands 
today,  covering  almost  the  entire  field  of  railway  busi- 
ness, has  reached  its  commanding  position  very  greatly 
through  my  efforts.  In  the  early  days  of  the  rotary  con- 
verter, beginning  in  1893,  this  device  was  looked  upon  with 
a  great  deal  of  doubt.  In  the  early  days  of  commercial 
application,  I  had  to  fight  the  battle  for  the  converter 
pretty  much  by  myself.  That  I  made  a  successful  fight 
is  indicated  by  the  fact  that,  in  the  period  between  1898 
and  1902,  the  Westinghouse  Company  was  probably  fur- 
nishing 75  percent  of  all  the  rotary  converters  then  built 
and  this  business  was  becoming  of  very  considerably  pro- 
portions." 

That  he  was  early  in  this  field  is  indicated  by  the 
fact  that  nearly  all  the  patents  taken  out  on  rotary  c(  n- 
verlers  in  those  days  were  in  his  name.  Many  of  the 
modern  necessities  in  rotary  converters  were  originated 
and  first  used  by  him  in  such  apparatus.  I  may  cite 
the  dainper  as  one  of  these  examples.  While  it  de- 
veloped afterwards  that  Leblanc  had  a  broad  patent  on 
the  damper,  yet  at  the  time  that  Mr.  Lamme  developed 
and  used  it  on  the  rotary  converter,  he  was  not  avi'are 
of  Leblanc's  patent,  and  he  may  claim  the  credit  of 
being  the  first  to  use  such  dampers  to  overcome  funda- 
mental rotarj'  converter  difficulties.  The  entire  prob- 
lem of  hunting,  which  at  one  time  threatened  to  put  the 
rotary  converter  in  the  discard,  was  overcome  by  his 
early  work.  This,  however,  was  only  an  incident  in 
the  developinent.  When  it  came  to  60  cycle  conver- 
ters, he  stood  practically  alone  for  many  years,  and  his 
work  has  been  instrumental  in  giving  these  machines 
the  final  high  position  which  they  now  hold  in  the  in- 
dustry. 


He  has  always  led  in  the  battle  for  higher  speeds, 
resulting  in  smaller,  cheaper  and  more  efficient  cc^n- 
verters.  Therefore,  considering  all  these  things,  I  be- 
lieve we  may  state  that  there  is  more  credit  due  hmi 
than  to  any  other  one  person  for  the  present  leadmg 
position  which  the  rotary  converter  holds  in  the  elec- 
trical field.  Yet  to  consider  this  as  a  larger  and  more 
important  work  than  the  single-phase  system  is,  in  my 
opinion,  one  of  those  strange  vagaries  of  judgment 
often  affecting  us  in  connection  with  our  own  wctk. 

Again,  he  can  claim  to  have  been  the  leader  in  the 
direct-current  railway  motor  development,  as  far  as 
fixing  types  of  apparatus  is  concerned.  His  earliest 
single-reduction  railway  motor,  the  Westinghouse  No. 
3,  or  rather  its  experiinental  predecessor,  contained 
most  of  the  fundamental  features  found  in  the  present 
universal  type  of  railway  motor.  This  early  motor 
was  of  approximately  cylindrical  type  with  four  in- 
ternal radial  poles  and  was  of  the  il-onclad,  or  partially- 
enclosed  type.  This  was  a  most  radical  departure  from 
former  constructions  and  at  once  overcame  many  of 
the  earlier  difficulties.  The  armature  of  the  experi- 
mental machine,  and  of  all  later  machines,  was  of  the 
slotted  type,  with  open  slots  and  with  machine-wound 
coils.  At  this  time  this  was  the  only  railway  motor  of 
the  kind,  and  these  features  have  since  been  universally 
.adopted.  In  addition,  the  two-circuit  or  series  type  of 
armature  winding  was  first  developed  and  used  on  this 
motor  and  this  type  of  winding  is  now  in  universal  use 
for  railway  motors  and  almost  all  other  multipolar  n  ma- 
chines of  small  and  moderate  size.  Many  other  fea- 
tures of  this  early  construction  are  still  retained  in 
modern  railway  motors.  Therefore,  he  may  claim 
credit  for  having  established  the  present  universal  type 
of  railway  motor. 

Considering  the  direct-ciu'rent  generator,  and  par- 
ticularly the  railway  generator,  while  there  were  more 
workers  in  this  field,  yet  I  feel  that  he  should  have 
much  credit  for  establishing  certain  fundamental  fea- 
tures in  the  early  machines,  which  are  retained  or  con- 
sidered necessities  even  at  the  present  time.  He  was 
the  first  to  bring  out  the  railway  generator  with  slotted 
armature,  both  for  the  partially  closed  and  the  open 
slots.  The  form-woimd  armature  coil  of  copper  strap 
on  edge,  used  with  open  slot  direct-current  armatures, 
was  worked  out  by  him.  These  earliest  machines  had 
a  very  high  saturation  in  the  armature  teeth,  in  order  to 
give  stability  and  prevent  distortion.  This  is  also 
modern  practice.  When  the  limits  of  the  two-circuit 
winding  were  reached  and  multiple  windings  began  to 
be  used  extensively,  he  devised  in  .America  the  poly- 
phase equalizing  connections  which  are  now  considered 
a  necessity  in  such  machines.  He  also  used  the  frac- 
tional pitch  or  chorded  armature  winding  for  direct- 
current  machines,  for  the  purpo.se  of  reducing  the  cnm- 
mutating  constants,  thus  improving  the  range  of  op- 
eration without  shifting  the  brushes.  Therefore,  in 
this  line  of  apparatus,  many  of  his  original  features  of 
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construction  are  still  in  use  after  twenty  or  twenty-five 
years  of  development. 

In  his  work  on  rotary  converters,  railway  motors, 
and  direct-current  generators,  it  can  surely  be  said 
that  he  has  had  much  to  do  with  solving  the  problem  of 
commutation,  in  the  sense  of  determining  the  conditions 
which  affect  commutation  and  taking  advantage  of 
those  characteristics  and  features  which  improve  com- 
mutating  conditions.  In  his  papers  on  the  theory  of 
commutation,  which  were  published  by  the  Institute 
some  years  ago,  I  believe  that  he  went  considerably 
further  into  the  subject  than  any  one  else  had  done  up  to 
that  time.  Quite  a  number  of  manufacturing  engineers 
Ijave  taken  up  the  method  given  in  this  paper  and 
adopted  it  as  a  basis  for  their  work,  with  very  consider- 
able benefits  in  the  way  of  improved  accuracy  in  their 
calculations,  and  increased  outputs  from  a  given 
amount  of  material.  This  paper,  however,  was  more  or 
less  a  result  of  all  his  previous  experience  and  investi- 
gation on  the  subject,  and  it  is  simph'  an  indication  of 
how  far  he  had  gone  into  the  general  subject  of  com- 
mutation. 

While  he  was  not  among  the  first  to  develop  in- 
duction motors,  yet  he  was  among  the  first  to  produce 
commercial  induction  motors,  as  his  work  began  in  the 
latter  part  of  1892.  His  leading  work  in  this  line  was 
the  recognition  of  the  principles  upon  which  the  West- 
inghouse  type  "C"  motor  was  brought  out.  Up  to  th.at 
time  (about  1895)  it  was  generally  held  that  the  cage- 
wound  motor  was  necessarily  one  with  a  small  starling 
torque  and  that,  in  order  to  give  high  starting  torque, 
it  had  to  be  made  with  a  high  secondary  resistance 
and,  therefore,  high  slip  at  normal  load  conditions. 
From- his  analysis  of  the  design  characteristics  of  the 
motor,  he  drew  the  conclusion  that  it  was  not  a  question 
of  high  secondary  resistance  and  high  slip,  but  one  of 
the  ratio  of  the  reactance  of  the  motor  to  the  second- 
ary resistance ;  that  is,  by  reducing  the  reactance  in- 
stead of  solely  increasing  the  secondary  resistance, 
high  starting  torque  could  be  obtained,  but  at  the  ex- 
pense of  high  starting  input.  He  then  proposed  to 
design  such  motors  with  relatively  much  lower  react- 
ance than  had  hitherto  been  the  case,  and  thus  obtained 
starting  torques  of  several  times  the  normal  running 
torque,  and  which  he  reduced  by  the  use  of  lower 
starting  voltages  by  autotransformers  or  autostarters. 
He  worked  up  many  experimental  motors  and  proved 
this  principle  and  also,  through  his  method  of  analy- 
sis, determined  how  to  reduce  the  reactance  of  the  mo- 
tor by  using  widely  distributed  windings,  and  by  giving 
careful  attention  to  the  elements  of  the  magnetic  cir- 
cuit, without  materially  increasing  its  size  and  cost. 
The  results,  put  in  practice,  were  the  line  of  type  "C" 
motors.  This  radical  type  took  the  market  and  forced 
the  situation  to  such  an  extent  that  it  gave  great  im- 
petus to  the  industrial  application  of  polyphase  cur- 
rents. 

In  the  task  of  entering  intimately  into  Mr.  Lamme's 
work,   we  are  aided   fortunately  by   the  possession  of 


historical  sketches,  from  his  own  pen,  of  the  direct- 
current  railway  motor,  the  alternating-current  genera- 
tor, and  the  direct-current  generator.  To  these  we 
must  refer  the  readers  who  wish  to  follow  his  work  in 
the  evolution  of  electrical  machinery.*  The  universal 
type  of  single-reduction  railway  motor  owes  to  him  a 
great  debt,  and  the  rotary  converter,  especially  the  60 
cycle  types,  are  largely  his  creation.  These  conceptions 
found  their  early  and  practical  expression  m  tne  1500 
kw  rotary  converters  and  the  5000  kw  flywheel  genera- 
tors of  the  Interborough  Rapid  Transit  Company's 
Manhattan  Station.  The  electrical  dimensions  of  the 
first  vertical  generators  of  the  Cataract  Construction 
Company  were  Mr.  Lamme's  part  in  the  great  power 
development  at  Niagara  Falls,  and  it  must  be  gratifying 
to  him  that  he  was  thus  connected  with  this  interesting 
historical  landmark  in  electric  power  transmission. 

There  are  many  other  fields  in  which  he  has  had  a 
hand.  In  the  single-phase  railway  system,  which  he 
created,  he  deserves  much  credit  for  the  fact  that  he 
successfully  commutated  alternating  currents,  after  it 
had  been  quite  definitely  accepted  as  being  one  of  the 
impracticable  or  impossible  things.  Of  course,  the  de- 
velopment of  the  single-phase  railway  system  was  a 
direct  result  of  the  successful  development  of  a  com- 
mutating  alternating-current  motor.  I  think  Mr. 
Lamme's  leadership  in  the  single-phase  railway 
field  has  followed  logically  from  his  work  in 
the  transformation  of  Nikola  Tesla's  great  crea- 
tive ideas  into  commercial  form.  Mr.  Lamme's 
principal,  Mr.  George  Westinghouse,  staunchly  believed 
in  the  universal  application  of  alternating  currents 
and,  as  the  difficulty  of  collecting  alternating  cur- 
rents from  two  trolleys  precluded,  in  the  minds  of 
the  railroad  men,  the  use  of  the  polyphase  system  for 
railway  work,  Mr.  Westinghouse  and  Mr.  Lamme  were 
led  logically  to  the  hope  of  developing  a  single-phase 
motor  and  adapting  it  to  the  railway  field.  This  Mr. 
Lamme  succeeded  in  doing  originally  by  boldly  adopt- 
ing a  low  frequency  of  sixteen  cycles  and  designing  for 
it  a  series-wound  alternating-current  commutator  motor. 
A  little  later,  however,  he  discarded  this  frequency  and 
developed  a  25-cycle  single-phase  inotor,  in  which  the 
use  of  resistance  leads,  reducing  the  transformer  cur- 
rent in  the  short-circuited  coils,  is  one  of  the  salient 
elements.  Thus  resulted  the  25  cycle  single-phase  rail- 
way motor  so  widely  adopted  in  Europe  and  to  a  degree 
in  America.  Surely,  the  electrification  of  the  New 
York,  New  Haven  &  Hartford  Railway  will  always 
be  associated  with  Mr.  Lamme's  name.  No  more  bitter 
debates  were  ever  heard  on  the  floor  of  this  Institute 
than  those  on  the  relative  merits  of  the  single-phase  and 
the    direct-current    svstems.     Yet    even    the    most    re- 


*Published  in  The  Electric  Journal  as  follows : — "The 
Alternating-Current  Generator  in  America",  Vol.  XI,  Feb.  '14, 
p.  73;  Mar.  '14,  p.  120;  Apr.  '14,  p.  221.  "The  Development  of 
the  Direct-Current  Generator  in  America",  Vol.  XII,  Feb.  '15, 
p.  65;  Mar.  '15,  p.  Its;  Apr.  '15,  p.  164;  May  '15,  p.  212.  "The 
Development  of  the  Street  Railway  Motor  in  America",  Vol. 
XV,  Oct.  '18,  p.  408;  Nov.  '18,  p.  454. 
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lentless  opponents  of  the  single-phase  system  mii^t 
admit  in  justice  that  Mr.  Lamme's  conception  of 
raih-oad  electrification  stood  for  the  use  of  a  high 
voltage  working  conductor,  as  he  recognized  that 
the  600- volt  third-rail  system  imposed  too  great  a 
burden  upon  extensive  railroad  electrification.  In 
setting  himself  the  task  of  producing  a  motor  which, 
while  possessing  the  characteristics  of  the  series  direct- 
current  motor,  would  operate  on  any  trolley  potential, 
however  high,  and  in  successfully  .solving  this  problem, 
and  fearlessly  applying  it  to  the  New  Haven  system 
with  II  000  volts  on  the  working  conductor,  Mr.  Lamme 
gave  an  impetus  to  the  entire  field  of  railroad  electri- 
fication which  will  always  be  a  milestone  in  the  elec- 
trical industry,  and  in  the  field  of  transportation.  Suf- 
fice it  to  say  that  the  feverish  activity  in  the  develoji- 
ment  of  rival  systems,  the  general  adoption  of  the  ove."- 
head  trolley,  the  doubling  and  quadrupling  of  the  direct- 
current  voltage  thereon,  have  been  due  to  Mr.  Lamme'^ 
bold  creative  work.  From  it  has  sprung  a  new  life,  a 
true  "instauratio  magna",  in  the' electric  transportation 
system  the  world  over. 

Fifteen  years  have  passed;  both  systems  are  still 
in  use  almost  literally  side  by  side,  neither  having  suc- 
ceeded in  displacing  the  other,  and  prophecy  would  be 
idle.  Be  the  fate  of  the  single-phase  system  what  it 
may,  the  medalist  will  always  be  remembered  as  its 
successful  pioneer. 

With  the  advent  of  the  steam  turbine,  Mr.  Lamme 
turned  his  universal  genius  to  the  development  of  a 
type  of  turboalternator  known  as  the  "parallel-slot" 
type.  It  is  one  of  the  most  ingenious  designs  which 
have  been  developed  in  this  difficult  art.  While  the 
types  which  he  designed  have  not  been  enduring,  yet 
they  served  as  pace  makers  in  the  race  towards  the 
present  high  speeds  and  high  economies  resulting  from 
such  speeds.  Therefore,  I  feel  that  he  accomplished 
verv  considerable  results  in  this  field.     Bold  and  ven- 


turesome, he  urged  increased  speeds,  ever  higher  and 
higher,  and  tenaciously  adhered  to  this  policy.  Great 
credit  is  due  him  for  this  fearless  advocacy. 

Two  years  ago,  when  the  Secretary  of  the  United 
States  Navy  established  the  Naval  Consultmg  Board, 
the  Directors  of  the  Am.  Inst,  of  Electrical  Engineers 
were  requested  to  nominate,  and  to  recommend  to  the 
-Secretary  of  the  Nav)-,  two  members  of  their  great 
body  who.  in  their  opinion,  would  best  fulfil  the  re- 
quirements to  be  made  of  that  newly  created  Board. 
It  was  a  great  pleasure  for  the  present  speaker  that  be 
then  had  an  opportunity  to  commend  Mr.  Lamme's 
name.  It  is  yet  too  early  to  appraise  the  good  work  done 
by  Mr.  Lamme  on  the  Naval  Consulting  Board  in  his 
capacity    as    Chairman   of    the    Inventions    Committee. 

As  an  "engineer-teacher",  he  has  had  remarkable 
success.  Storer,  Renshaw,  Hanker,  Wilson,  Hague, 
Laffoon.  and  others  sat  across  the  desk  from  him  and 
profited  by  his  sound  sense  and  versatile  intellect.  The 
methods  of  calculation  of  electrical  machinery  in  use  at 
the  Westinghouse  works  were  inaugurated  by  him  and 
still  bear  the  marks  of  his  individuality. 

Men  like  Benjamin  Lamme  are,  as  it  were,  the 
integrated  personalities  of  an  organization.  They  figur- 
atively represent  the  aggregate,  .'-^uch  men  are  rare, 
indeed.  When  they  appear  among  us,  a  dynamic 
equilibrium,  so  to  speak,  of  intellect,  shrewd  common 
sense,  and  exceptional  health,  they  present  the  picture 
of  success.  .Somehow,  in  the  twenty-two  years  I  have 
known  Benjamin  Lamme,  he  has  always  called  to 
mind  the  figure  of  another  great  American,  of  by- 
gone years,  who  also  worked  in  the  field  of  electricitv. 
In  appearance  even,  but  .surely  in  his  astute,  sententious 
wisdom,  I  am  reminded  of  Benjamin  Franklin,  more 
than  a  mere  namesake. 

Mr.  Lamme,  it  is  a  great  pleasure  to  be  here  to- 
night and  to  pay  you  my  homage  in  these  words. 


Response  to  A«]'lr©ss  ml  Vv^^'-mhxtxoa 

Benjamin  G.  Lammk 


M 


R.  PRESIDENT  and  Mr.  Chairman  of  the 
Edison  Medal  Committee,  Ladies  and  Gentle- 
men : — My  appreciation  of  the  honor  con- 
ferred on  me  in  the  award  of  the  Edison  Medal  cannot 
readily  be  expressed.  Looking  back  upon  my  earliest 
clays  in  the  electrical  field,  when  the  forces  with  which 
I  was  allied  w?ere  in  bitter  rivalry  with  those  at  whose 
head  was  the  man  whose  name  this  Medal  bears,  it  is 
hard  to  conceive  what  a  tremendous  change  has  taken 
place  in  so  few  years.  An)'  one  in  the  enemy's  camp 
was  then,  of  necessity,  an  enemy  himself.  Now  the 
rivalries  in  the  electrical  industry  are  between  organiza- 
tions, the  members  of  which  may  be  the  best  of  friends. 
I  wish  to  say  right  here  that  much  of  this  change  in  at- 
titude may  be  credited  to  the  "get-together"  efiforts  of 
this  Institute,  and  one  of  the  strongest  evidences  of  this 
spirit  is  in  the  character  of  the  technical  papers  and  dis- 


cussions at  its  meetings,  compared  with  those  of  some 
twenty  years  ago. 

It  is,  of  course,  a  very  great  pleasure  to  hear  the 
kind  things  which  Mr.  Behrend  has  had  to  say  about 
myself  and  my  work,  but  I  feel  that  he  has  taken  this 
occasion  to  flatter  me  unduly,  knowing  that  under  the 
circumstances  I  could  only  sit  and  listen  to  him.  Some 
of  his  viewpoints,  I  assure  you,  are  as  new  and  novel 
to  me  as  to  you. 

Several  of  my  kind  friends  have  told  me  that  I  am 
expected  to  relate  a  number  of  incidents  of  human  in- 
terest regarding  discoveries  and  developments  with 
which  I  have  been  connected.  Accordingly,  I  have  gone 
over  about  everything  in  my  thirty  years  of  active  work 
in  the  electrical  field,  looking  for  "high  spots",  so  to 
speak,  or  matters  outside  of  mere  technical  details. 
However,  there  appears  to  be  but  little  of  popular  inter- 
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est  to  be  found.  In  one  way,  my  business  life  has  been 
somewhat  different  from  the  careers  of  several  others 
who  have  received  the  Medal,  in  that  they  have  been 
"free  lances",  so  to  speak,  whereas  I  have  been  a  work- 
ing part  of  a  large  engineering  and  manufactvu'ing  or- 
ganization where  results  are  not  due  to  the  efforts  of 
one  individual  but  to  the  co-operation  of  many.  Conse- 
quently, there  has  been  no  one  particular  line  of  devel- 
opment upon  which  I  specialized ;  for,  with  my  associ- 
ates, I  have  had  to  take  up  almost  anything  as  it  "came 
along.  Apparently,  the  members  of  the  Medal  Com- 
mittee were  somewhat  puzzled  by  this  situation  for  it 
may  be  noted  that  the  award  was  made  on  such  very 
general  grounds  as,  "Invention  and  Development  of 
Electrical  Machinery". 

Most  people  are  particularly  interested  in  accounts 
of  wonderful  inventions  or  discoveries;  and  the  cold- 
blooded methods  of  the  engineer  in  driving  through  all 
obstacles  to  a  desired  result  do  not  contain  for  them 
any  especial  elements  of  romance  or  excitement.  They 
do  not  recognize  that  the  work  of  the  engineer  carries 
responsibilities,  which  ofttimes  is  not  the  case  with  the 
inventor;  moreover,  they  are  not  aware  that  the  engi- 
neer in  the  manufacturing  field,  when 
he  once  embarks  on  a  program,  is 
obliged  to  see  it  through  to  the  end, 
and  that  he  must  stand  or  fall  by  his 
results.  To  state  it  very  briefly,  the 
experimental  attracts  more  attention 
than  the  analytical.  The  modern  en- 
gineer, especially  in  the  electrical  field 
is  largely  an  analytical  man  and  his 
adventures  in  analysis  do  not  appeal 
to  the  popular  taste.  The  earlier 
work  in  any  engineering  art  is  always 
of  the  "cut  and  try"  sort — necessarily 
so — for  the  preliminary  data  required 
for  analysis  must  be  obtained  by  experiment. 
As  the  laws,  principles  and  facts  are  gradually 
uncovered,  those  men  with  an  analytical  turn  of 
mind  begin  to  formulate  the  available  facts,  build  up 
theories  and,  by  their  analyses,  derive  other  related 
facts.  They  see,  ofttimes  far  ahead,  most  useful  re- 
sults which  appear  possible  of  attainment,  and  they 
turn  their  full  energies  toward  the  successful  accom- 
plishment of  such  results.  Such  men  are  generally 
designated  as  engineers,  rather  than  experimentalists  or 
inventors ;  and  the  boldness  of  their  methods  and  the 
directness  with  which  they  drive  through  to  desired  re- 
sults should  be  just  as  exciting  and  spectacular  as  many 
of  the  brilliant  discoveries,  if  only  their  methods  of  at- 
tack were  within  the  popular  perception. 

In  an  industrial  organization,  the  engineering  de- 
velopments are  almost  always  the  result  of  co-operation 
of  many  trained  minds  and,  in  consequence,  it  is  diffi- 
cult to  give  any  one  man  a  large  share  of  the  credit. 
The  work  of  such  an  organization  more  resembles  that 
of  an  army  than  of  an  individual.  One  man  alone,  in 
most  cases,  cannot  accomplish  the  desired  results  for. 


quite  often,  the  undertakings  are  so  various  in  their 
elements  that  the  combined  efforts  of  many  minds  are 
needed  for  success.  In  such  an  organization,  an  in- 
dividual may  appear  to  have  less  opportunity  to  stand 
out  prominently,  in  comparison  with  others,  than  where 
he  is  working  more  or  less  alone ;  yet,  at  the  same  lime, 
it  must  be  borne  in  mind  that  each  engineer  has  the 
knowledge  and  experience  of  his  co-workers,  upon 
which  to  build,  and  in  this  way,  he  can  accomplish  re- 
sults which  would  be  impossible  through  his  own  in- 
dividual capacity.  Many  of  the  developments  now  be- 
ing carried  through  in  the  engineering  field  so  far  ex- 
ceed any  individual  capabilities  that  only  the  united  ef- 
forts of  many  brilliant  minds  can  attain  success;  and 
he  who  does  his  part  can  well  take  pride  in  the  greater 
accomplishment,  even  if  there  may  be  less  personal  glory 
in  it.  Furthermore,  there  is  a  sense  of  responsibility  in 
such  work  which  has  a  strong  appeal,  for  when  a  great 
engineering  and  industrial  problem  is  once  in  motion,  it 
must  be  carried  through  to  success  or  failure,  and  there 
can  be  no  dallying  on  the  way,  no  stopping  or  turning 
aside,  until  the  desired  result  is  attained. 

Without  the  backing  of  immense  resources  in 
capital,  equipment  and  experience, 
and  without  the  greatest  co-operation 
of  many  analytical  minds,  there  could 
have  been  no  such  an  accomplishment 
as  the  modern  high-speed,  huge-ca- 
pacity turbogenerator  sets.  In  such 
a  development,  limitation  after  limi- 
tation, based  upon  previous  experi- 
ence, has  been  set  aside.  Each  step 
in  advance  usually  has  offended  some 
proven  experience  of  practice. 
And,  with  each  step,  it  usually  was 
said,  "This  is  the  last,"  but  the  data 
from  each  one  pointed  A  way  to  the 
next — the  end  is  not  yet. 

As  another  illustration,  in  the  railway  field  the 
steam  locomotive  has  been  a  long  development,  requir- 
ing the  experience  of  years.  But  where  the  electrical 
designers  have  undertaken  to  supplant  the  steam  loco- 
motive, under  new  and  most  difficult  conditions,  they 
have  attacked  the  problem  boldly  and  confidently,  as 
instanced  by  such  leading  examples  as  the  New  York 
Central,  New  Haven,  Pennsylvania,  Norfolk  &  Western 
and  the  Milwaukee,  all  embodying  radically  different 
types  of  locomotives  and  all  successfully  accomplishing 
the  desired  results. 

In  reviewing  my  work  to  find  something  which 
might  appeal  to  the  popular  fancy,  it  appears  that  in  any 
development  out  of  the  ordinary  which  I  could  describe 
there  is  no  big  discovery  in  the  usual  sense ;  in  fact,  in 
all  of  my  endeavors,  apparently  few  of  the  results  can 
be  credited  to  much  more  than  constructive  analysis,  as- 
sisted by  calculation  and,  in  consequence,  any  descrip- 
tion of  such  work  would  be  of  interest  to  only  a  few. 
Nevertheless,  I  will  tell  the  story  of  one  development 
in  which  I  have  always  had  pride  which,  however,  is 
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but  little  known  because  of  lack  of  spectacular  elements. 
This  concerns  the  single-reduction-gear  railway  motor 
development,  back  in  the  summer  of  1890,  just  a  little 
over  a  year  after  I  entered  the  electrical  business,  and 
before  the  company  with  which  I  am  connected  had  any 
organized  engineering  department. 

Leading  up  to  this,  a  little  personal  history  is  re- 
quired. On  May  ist,  1889,  by  an  accidental  circum- 
stance, I  was  enabled  to  enter  the  employ  of  the  West- 
inghouse  Company  at  Pittsburgh,  where  I  was  placed  in 
the  test  room  by  Mr.  Albert  Schmid,  then  shop  superin- 
tendent. My  college  training  had  covered  a  purely  me- 
chanical engineering  course,  but  1  was  more  or  less  in- 
terested in  electrical  machinery  from  the  construction 
standpoint.  Some  months  after  I  had  entered  the  com- 
pany, Mr.  Schmid  spoke  to  me  very  pleasantly  one  even- 
ing in  the  test  room,  and  a  little  later  I  received  a  mes- 
sage to  call  at  his  office  the  next  morning.  There,  he 
said  he  understood  that  I  had  some  experience  at 
"figuring  things."  I  said  that  I  had  done  some  calcu- 
lating on  the  flow  of  natural  gases  in  long  pipe  lines  for 
the  State  Geologist  of  Ohio,  but  had  never  figured  on 
anything  electrical.  He  said  that  made  no  dilTerence  as 
long  as  I  could  figure,  and  he  wanted  to  try  me  on 
something.  He  then  explained  that  he  believed  elec- 
trical machinery  could  be  calculated,  just  as  well  as 
other  kinds,  but  that  other  people  did  not  agree  with 
him.  He  had  tried  several  men  on  such  work  but  was 
not  satisfied  with  the  results.  Someone  had  told  him 
that  there  was  a  young  fellow  in  the  test  room  who 
could  figure,  and  so  he  had  made  inquiries  concerning 
me,  and  he  wanted  to  try  me  out.  I  agreed,  of  course, 
to  make  the  attempt  and  he  then  showed  me  a  little 
pamphlet,  written  by  an  Englishman,  in  which  there 
were  certain  crude  methods  of  calculation  worked  out. 
He  reviewed  this  very  painstakingly  with  me  and  then 
asked  me  what  I  thought.  I  told  him  that  I  would  like 
to  try  my  hand  at  such  calculation  and  so  I  was  set  to 
work  on  it,  using  my  spare  time  between  tests,  to  see 
what  I  could  do  in  the  way  of  checking  up  the  satura- 
tion curves  on  our  existing  alternating-current  ma- 
chines. I  soon  found  that  I  could  get  reasonably  close 
approximations,  in  so  far  as  our  magnetic  and  electric 
data  at  that  time  would  permit.  Mr.  Schmid  was  a 
mechanical  engineer  by  training  but  he  was  intensely 
interested  in  these  electrical  calculations  and  gave  me 
much  encouragement.  This  was  really  the  beginning 
of  the  calculation  of  electrical  machinery  in  the  West- 
inghouse  Company. 

In  the  latter  part  of  1889,  Mr.  Westinghouse  was 
planning  to  go  into  the  railway  equipment  business  and 
he  asked  Mr.  Schmid  to  have  a  study  made  of  the 
subject.  Mr.  Schmid  then  told  me  to  get  busy  and  first 
investigate  the  existing  systems  and  then  see  what  I 
could  do  toward  calculating  a  suitable  railway  motor. 
In  January,  1890,  I  prepared  specifications,  from  calcu- 
lations, for  a  double-reduction  railway  motor  very  much 
along  the  general  lines  of  the  then  existing  types.  This 
was  the  first  machine  which   the  Westinghouse  Com- 


pany produced  entirely  from  calculations,  and  when 
built,  it  was  sufficiently  close  to  the  specifications  to  be 
put  on  the  market  as  a  commercial  machine.  This  was 
known  as  the  No.  i  Westinghouse  double-reduction 
motor.  I  am  telling  this  because  it  leads  up  to  the  de- 
velopment of  the  single-reduction-gear  motor. 

In  August,  1890,  during  a  strike  at  the  Compan}-'s 
plant,  the  test  room  was  shut  down  and,  to  keep  busy,  I 
took  up  the  problem  of  the  electrical  design  of  a  single- 
reduction-gear  motor  for  railway  work.  My  short  ex- 
perience with  the  double-reduction  motor  in  service  had 
convinced  me  that  this  type,  with  its  exposed  armature 
and  field  windings,  and  two  sets  of  gears,  could  not  per- 
sist very  long.  Consequently  the  production  of  a  new 
type  of  motor  to  overcome  these  difficulties  was  a  very 
I'.ve  problem  at  that  time.  My  little  practice  in  calcu- 
lation doubtless  gave  me  undue  confidence  in  tackling 
this  new  problem,  so  I  deliberately  undertook  to  analyze 
its  possibilities.  Eight  at  the  start,  my  rough  figures 
indicated  that  such  a  machine  should  be  of  a  four-pole 
lype  in  order  to  keep  down  the  weight.  With  this  as  a 
starting  point,  I  naturally  turned  toward  the  Westing- 
house alternator  type  of  field  construction  with  its  in- 
ternal, symmetrically  spaced  poles.  This  appealed  to 
me  as  presenting  several  great  advantages  for  railway 
motor  construction,  for  the  external  yoke  of  the  ma- 
chine naturally  formed  an  ironclad  protection  for  the 
motor  as  a  whole,  and  it  would  be  a  very  easy  mattei  to 
house  the  lower  half  to  protect  it  against  damage  from 
below.  So  far,  so  good,  but  when  it  came  to  the  arma- 
ture, I  was  fairly  "stumped"  for  awhile.  I  first  worked 
out  a  surface-wound  armature,  such  as  was  common 
practice  on  railway  motors  at  that  time,  but  found  at 
once  that,  due  to  the  large  iron-to-iron  gap,  the  con- 
struction was  practically  prohibitive  with  four  poles. 
This  apparently  brought  me  up  against  a  blank  wall. 
However,  various  other  possibilities  were  then  con- 
sidered, among  them  the  "slotted"  type  of  armature, 
such  as  was  being  used  on  small  capacity  machines  by 
the  United  States  Company,  then  a  subsidiary  of  the 
Westinghouse.  This  type  of  armature  was  considered 
practicable  up  to  a  few  horse-power,  but  no  one 
imagined  it  to  be  at  all  suitable  for  anything  as  large 
as  a  railway  motor.  However,  I  was  strictly  ''up 
against  it"  and  was  grasping  at  straws,  and  so  this 
slotted  construction  was  given  serious  consideration. 
To  my  great  pleasure,  the  first  figures  indicated  that, 
from  the  magnetic  standpoint,  the  slotted  construction 
allowed  a  quite  low  speed  motor  of  proportions  permis- 
sible for  a  street  car  equipment.  However,  when  it  was 
attempted  to  work  out  the  armature  winding  itself,  an- 
other most  serious  difficulty  appeared.  Up  to  this  time, 
the  one  type  of  winding  considered  practicable  for  four- 
pole  machines  was  what  is  now  known  as  the  "parallel" 
type,  with  four  circuits,  and  requiring  four  brush  arms 
unless  all  the  commutator  bars  were  cross-connected. 
This  appeared  to  me  to  be  impracticable  for  railway 
work,  and  we  were  faced  by  a  most  serious  difficulty. 
However,  I  then  spent  several  days  attempting  to  work 
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out  some  form  of  four-pole  armature  winding'  which  in- 
herently required  only  two  brush  arms,  and  with  only 
two  circuits  in  the  armature  instead  of  four.  After  two 
or  three  days'  work,  I  found  a  winding  which  gave  ex- 
actly what  w'as  desired  and  this  was  used  in  the  con- 
struction of  the  first  motors  of  the  new  type. 

When  I  had  gotten  this  far,  I  took  my  crude  results 
to  Mr.  Schmid.  He  received  them  very  enthusiastic- 
ally and  immediately  had  drawings  started,  the  com- 
pany's draughting  room  being  directly  under  his  charge. 
He  incorporated  a  number  of  important  features,  prin- 
cipally of  a  mechanical  nature,  and  arranged  to  have 
two  machines  rushed  through  for  a  trial  equipment.  To 
avoid  attracting  attention,  the  new  machine  was  not 
called  a  street  railway  motor,  but  was  designated  a 
"mining  motor" ;  and  as  no  one  knew  what  a  mining 
motor  should  look  Hke,  no  curiosity  was  aroused  and 
but  few  questions  were  asked. 

After  the  work  had  well  progressed,  it  dawned 
upon  Mr.  Schmid  that  an  entirely  new  type  of  armalvn-e 
winding  was  specified  for  this  machine,  in  addition  to 
all  of  the  other  radical  features.  When  taken  to  task, 
I  explained  to  him  why  it  had  been  used,  and  insisted 
that  it  was  theoretically  correct,  and  that  there  was  no 
other  known  way  of  accomplishing  the  desired  result. 
As  the  work  was  so  far  progressed,  he  accepted  my 
arguments.  Also,  in  these  first  two  machines,  1/32  inch 
mica  was  used  between  the  commutator  bars,  whereas 
the  usual  practice  on  railway  motors  at  that  time  was 
1/16  to  1/8  inch  mica.  This  radical  departure,  it  de- 
veloped afterwards,  was  one  of  the  exceedingly  for- 
tunate things  we  did  in  this  machine. 

As  originally  planned,  the  two  new  slotted  arma- 
tures were  to  be  hand  wound,  as  hand  windings  were 
standard  practice  at  that  time.  Shortly  after  this  was 
tried,  I  became  thoroughly  convinced  that  the  hand 
winding  for  the  slotted  type  railway  motor  could  not  be 
entirely  successful,  so  I  then  proposed  machine-wound 
coils,  insulated  before  being  put  on  the  core.  My  as- 
sociates and  myself  then  spent  two  or  three  weeks  in 
attempting  to  produce  machine-wound  coils  of  such 
shape  that  they  could  be  placed  symmetrically  all 
around  the  armature  core,  as  developed  in  later  practice, 
and  we  very  nearly  succeeded  in  this.  It  appeared  later 
that,  with  certain  minor  modifications  in  the  shape  of 
our  coils,  we  would  have  obtained  the  symmetrical 
winding.  However,  as  the  work  was  in  a  great  rush, 
it  was  finally  decided  to  put  on  machine-wound  coils, 
the  ends  of  which  w^ould  be  bent  into  position  after  plac- 
ing on  the  core.  The  foreman  of  our  transformer 
winding  department  and  myself,  neither  of  us  with  any 
previous  experience  as  armature  winders,  then  put  the 
machine  wound  coils  on  these  two  slotted  armatures, 
both  of  which  stood  the  shop  tests  and  both  were  sent 
out  on  the  first  car  equipment.  Even  at  that  time,  I 
considered  this  a  most  conclusive  proof  of  the  superi- 
ority of  machine  wound  coils,  in  that  two  inexperienced 
men  could  make  a  success  of  this  winding  in  their  first 
attempts. 


In  ilio  latter  part  of  1890,  these  two  machines  were 
put  on  test  and  checked  quite  closely  with  the  calcula- 
tions, and  what  was  more  important,  the  slotted  arma- 
tures commutated  better  than  we  expected  and  the  new 
type  of  armature  proved  to  be  thoroughly  satisfactory. 
This  motor,  in  the  spring  of  1891,  was  put  on  the 
market  as  the  Westinghouse  No.  3,  and  so  quickly  did 
it  take,  that  the  entire  stock  of  double-reduction  motors 
on  hand,  some  two  or  three  hundred  in  number,  had  to 
be  scrapped,  as  they  could  not  be  sold. 

This  single-reduction-gear  motor  should  be  looked 
upon  as  the  direct  "ancestor"  of  the  modern  universally 
adopted  type  of  railway  motor.  In  fact,  the  present 
street  railway  motor  contains  practically  all  of  the  main 
features  found  in  this  early  railway  motor,  but  with 
certain  additions  and  improvements.  Moreover,  the 
new  type  of  armature  winding,  which  later  became 
known  as  the  "two-circuit"  or  "series"  winding  is  now 
used  the  world  over.  The  pride  which  I  feel  in  my 
part  of  this  early  development  is  not  so  much  in  the 
motor  itself,  as  in  the  type.  When  it  is  considered  that 
the  life  of  most  types  of  electrical  machines  does  not 
average  more  than  ten  years,  it  may  be  seen  that  the 
initiation  and  development  .of  a  radically  new  type  of 
railway  motor  twenty-nine  years  ago,  which  has  since 
become  the  universal  type,  and  as  yet  shows  no  signs 
of  obsolescence,  is  something  of  which  any  one  should 
have  the  right  to  hold  pride. 

This  story  illustrates  fairly  well  the  general  nature 
of  the  engineering  work  in  connection  with  the  various 
lines  of  development  which  my  associates  and  myself 
have  followed.  It  should  be  obvious  that  such  develop- 
ment, although  sometimes  revolutionary  in  character,  is 
not  in  the  nature  of  brilliant  discovery,  but  is  more  like 
attempting  to  solve  new  and  unusual  problems  in  mathe- 
matics or  mechanics. 

In  progressive  manufacturing  organizations,  as  a 
rule,  there  can  be  no  particular  "pets".  When  any  new 
line  of  development  holds  forth  broader  and  greater 
possibilities,  often  the  old  and  accepted  practice  and 
constructions  are  turned  down  ruthlessly  in  order  to  re- 
place them  with  something  more  promising.  Many 
times  I  have  assisted  strenuously  in  "obsoleting"  some 
of  my  own  best  work  just  to  make  way  for  something 
of  greater  promise.  For  instance,  I  spent  a  number  of 
my  best  years  in  doing  my  part  in  the  development  of 
the  direct-current  engine-type  generator,  up  to  a  point 
where  it  seemed  to  be  perfection ;  but  I  made  equally 
great  efforts  in  the  development  of  the  25  cycle  rotary 
converter  which  was  destined  to  supplant,  in  general, 
the  direct-current  engine-type  generator  as  a  source  of 
direct-current ;  and  still  later  I  put  equal  efforts  in  for- 
warding the  development  of  the  60  cycle  rotary  con- 
verter to  supplant  the  25  cycle  machines  for  general 
power  purposes.  As  a  second  instance  of  tearing  down 
work  in  which  I  had  a  considerable  share,  I  may  cite 
the  alternating-current  engine-type  generator  which  had 
reached  its  greatest  magnificence  in  the  huge  Inter- 
borough  machines  in  New  York  City,  and  which  was 
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rendered  obsolete  as  a  type  by  the  development  of  the 
high-capacity  turbogenerator.  And,  as  Mr.  Behrend 
once  aptly  said,  the  pity  of  it  is  that  the  accumulated 
data  and  experience  of  years,  in  the  development  of  the 
engine-type  alternator  were  practically  thrown  away,  in 
as  far  as  the  turboalternator  development  was  con- 
cerned. 

This  dying  out  or  replacement  of  old  types  affects 
one  who  has  been  close  to  them,  very  much  like  the  de- 
parture of  old  friends;  and  often  I  look  back  on  those 
old-tirners  with  feelings  of  regret  that  the  march  of 
progress  had  to  leave  them  behind. 

So  much  for  development.  Now  as  to  inventions; 
in  my  case,  they  could  mostly  be  classed  as  byproducts, 
as  someone  has  aptly  put  it.  In  an  engineering  and 
manufacturing  organization,  the  first  efforts  of  the  en- 
gineers are  expended  in  obtaining  certain  desirable  re- 
sults in  the  most  successful  manner.  Usually,  if  a  result 
is  one  not  accomplished  before,  or  is  an  improvement 
over  existing  practice,  new  and  novel  (and  consequently 
patentable)  ideas  quite  frequently  are  involved.  The  real 
engineer  on  this  work  usually  does  not  set  out  to  "invent 
something".  If  he  does,  too  often  he  is  unduly  influ- 
enced toward  setting  aside,  or  rejecting,  old  and  well- 
tried  methods,  in  favor  of  something  novel  and,  there- 
fore, possibly  patentable.  Preferably,  he  should  strive 
for  the  greatest  success,  without  regard  to  novelty,  and 
from  this  viewpoint  his  inventions  may  be  looked  upon 
as  consequences  rather  than  causes;  or,  briefly,  they  are 
byproducts.  Quite  a  large  percent  of  my  so-called  in- 
ventions were  of  the  remedial  class,  that  is,  they  were 
the  results  of  attempts  to  correct  difficulties.  A  few 
of  them  were  the  direct  result  of  analysis  and  calcula- 
tion. None  of  them  were  of  a  kind  which  would  in- 
terest any  but  those  familiar  with  technical  details. 
Being  byproducts,  they  do  not  represent  wonderful  dis- 
coveries, in  the  usual  sense  of  the  term,  and,  therefore, 
nothing  further  need  be  said  about  them. 

l-'rom  the  standpoint  of  development  and  inven- 
tions, the  past  looms  large,  but  how  about  the  present 
and  the  future?  In  looking  over  the  past  history  of 
electrical  engineering,  the  engineer  may  be  inclined  to 
think  that  the  golden  age  of  development  and  invention 
i.^  past,  and  that  the  future  contains  no  corresponding 
promi.se  of  new  and  startling  things.  But  I  do  not 
agree  that  this  is  so.  The  pioneering  period  ma_\-  be 
over,  but  the  true  development  age  has  possibly  just 
begun.  The  work  is  growing  more  difficult  year  by 
year,  as  our  accumulation  of  knowledge  grows.  We 
are  working  ahead  of  our  data,  just  as  we  did  twenty 
to  thirty  years  ago.  Exactness  and  responsibility  are 
rccjuired  to  a  much  greater  degree  than  in  the  past,  for 
our  undertakings  are  greater  in  degree.  The  wonder- 
ful advances  in  the  earlier  times  did  not  seem  so  very 
wonderful  while  we  were  in  the  midst  of  them.  In 
fact,  at  the  time,  many  of  them  were  simply  hasty 
remedies  for  serious  difficulties,  which  were  accepted 
and  adopted  out  of  necessity.  But  similar  situations 
of  today  are  also  having  their  remedies  supplied,  oft- 
times  requiring  vastly  more  difficult  engineering  than 


in  the  past;  and  viewed  from  a  twenty-year  future, 
many  of  these  also  will  loom  large.  It  is  all  because 
we  have  no  proper  perspective  of  the  present. 

So  the  young  engineer  need  not  be  discouraged. 
The  fact  that  the  work  is  growing  more  difficult  year 
by  year  should  be,  in  itself,  a  source  of  encouragement 
It  has  been  my  good  fortune  to  see,  from  the  inside,  the 
electrical  machinery  development  from  the  cut-and-try 
stage,  through  the  intermediate  steps,  to  the  highly 
analytical  methods  of  today,  and  my  experience  in- 
dicates that  a  higher  grade  of  engineer  is  required  now 
than  ever  before.  There  was  a  time,  many  years  ago, 
when  I  thought  that  the  work  would  grow  easier  with 
greater  knowledge,  but  I  overlooked  the  fact  that  we 
would  always  attempt  to  work  far  ahead  of  our  data 
and  that,  in  consequence,  the  work  itself  would  actually 
become  increasingly  difficult,  as  we  undertake  problems 
which  we  would  never  have  dreamed  of  attempting  in 
the  past. 

I  have  said  that  much  of  my  work  has  been  in 
association  and  co-operation  with  other  engineers.  One 
of  the  duties  which  I  have  assumed,  possibly  in  part  un- 
consciously, has  been  the  training  of  the  younger  en- 
gineers who  followed,  as  I  was  trained  by  tho.se  who 
preceded  me.  In  looking  over  the  list  of  the  latter,  the 
one  name  which  stands  out  above  all  others  is  that  of 
Mr.  Albert  Schmid,  who  started  me  on  my  engineer- 
ing work  with  the  Westinghouse  Company.  His  ini- 
tiative resulted,  through  my  later  efforts,  in  the  develop- 
ment and  establishment  of  methods  of  analysis  and 
calculation  which  are  used  most  extensively  today 
throughout  the  Company's  organization.  A  mechanical 
engineer  by  training,  he  held,  as  early  as  1889,  that 
electric  machinery  could  be  calculated  with  the  same 
accuracy  as  other  kinds  of  apparatus.  In  carrying  out 
this  belief,  he  gave  me  the  greatest  possible  opportuni- 
ties to  prove  out  by  actual  trial  my  endeavors  in  calcu- 
lation, and  if  the  results  were  unsatisfactory,  or  were 
failures,  he  shouldered  the  responsibility,  if  successful, 
he  gave  due  credit.  In  time  of  trouble,  (and  troubles 
were  many  in  those  days)  he  was  ready  with  helpful 
suggestions,  not  destructive  criticisms  as  is  too  often  the 
case.  Possibly  the  most  pleasing  thing  I  can  say  is  that 
in  my  later  work  in  training  and  dealing  with  younger 
engineers  I  have  endeavored  to  treat  them  in  line  with 
his  treatment  of  me  in  my  early  days. 

There  have  been  very  many  other  associates  in  my 
thirty  years,  so  many  that  individual  mention  caimot 
well  be  made.  I  have  seen  many  of  them  grow  from 
pupils  to  assistants  and  associates,  and  one  of  my  great- 
est pleasures  has  been  to  see  this  growth.  I  have  al- 
lowed no  petty  jealousies  to  interfere  with  their  de- 
velopment, and  I  have  always  felt  that  as  they  grew 
so  would  I  grow  with  them.  I  have  aimed  to  instill  in 
them  fundamental  ideas  of  engineering  honesty  and 
honor,  square  dealing  and  fair  fighting,  that  there 
should  be  pride  in  accomplishment,  and  that  true  en- 
gineering means  much  more  than  merely  making  a  liv- 
ing or  obtaining  an  income; — that  it  means  ad\'ance- 
ment  of  the  art  for  the  benefit  of  mankind. 
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■  W.  A.  Coaxes 
Chief  Engineer,  Switchgear  and  Control  Depts., 
British  Wcstinghouse  Electric  &  Mfg.  Company 


THERE  is  a  wide  difference  between  Rritisii 
switcJigear  designs  and  those  of  Continent.^ 
Europe.  .In  Great  Britain,  with  its  numerous  coal 
fields,  well  populated  industrial  areas  and  absence  ut 
water  falls,  transmission  voltages  over  15000  to  20000 
are  rarely  needed.  Only  now  are  there  under  consider- 
ation enlarged  linking-up  schemes  which  will  employ 
pressures  of  about  35  000  volts.  On  the  Continent 
there  are  in  operation  some  systems  working  at  pres- 
sures up  to  1 10  000  volts. 

The  majority  of  British  switchboards  are  built  c  n 
the  cellular  principle,  of  which  the  6600  volt  equipment 
shown  in  Figs,  i  and  2  may  be  taken  as  typical.  Tho 
cells  are  usually  constructed  of  brickwork,  moulded 
stone  or  ferro-concrete,  and  the  lay-outs  commonl}' 
adopted  conform  to  usual  American  practice  for  like 
voltages. 

The  main  dift'erence  is  in  the  care  taken  to  enclo.se 
all  live  metal.  Government  regulations  require  that  the 
greatest  precautions  be  exercised  to  prevent  accid.-ni. 
and  even  where  separate 
high-voltage  switch  rooms 
exist,  each  individual  com- 
partment has  a  removable 
door  which  may  be  of  sheet 
iron,  expanded  metal  or  as 
bestos  lumber.  The  1 1  000 
volt  oil  switch  cubicles  on 
the  London  &  North  West- 
ern Railway  Company's 
switchboard,  Fig  3,  show 
such  protection  admirably. 
The  elaborate  precautions 
which  are  required  have 
naturally  resulted  i  n  the 
evolution  of  special  designs 
in  which  total  enclosure  and 
fool-proof  interlocks  are 
fully  developed.  Such  gears 
fall  into  two  classes,  known  as  draw-out  pillars  and 
truck  switchgear. 

DR.AW-OUT   PILLARS 

The  essential  characteristic  of  draw-out  switchgerir 
is  that  the  oil  switch  is  movably  mounted  on  suitable 
brackets  and  is  fitted  with  plug  contacts  engaging  with 
corresponding  female  contacts  located  on  a  fixed  sup- 
port. The  general  construction  is  evident  from  Fig.  ,. 
This  class  of  apparatus  was  designed  primarily  for  col- 
liery use,  underground.  Hence  all  li\e  metal  is  en- 
closed in  a  stout  cast  iron  case,  such  instruments  as  are 
required  being  located  in  the  removable  oil  switch  sec- 
tion, together  with  the  automatic  release  coils  and  the 


series  transformers.     The  fixed  pillar  carries  the  bus- 
bar .sections  and  the  cable  potheads. 

The  general  practice  has  been  to  limit  the  applica- 
tion of  this  apparatus  to  substation  work  on  systems  r,oi 
exceeding  3300  volts.  Messrs.  A.  Reyrolle  &  Co.  have, 
however,  carried  the  design  much  further  and  stand- 
ardised draw-out  pillar  switchgear  for  use  on  .systems 
up  to  20000  volts  and  for  any  plant  capacity  }'et  in- 
stalled in  England.  The  majority  of  the  switching  ap- 
paratus on  the  North  East  Coast  F'ower  systems  is  o*' 
this  tyjie. 

In  Figs.  5  and  6  are  shown  front  and  rear  views  of 
a  typical  Reyrolle  equipment  for  20  000  volts.  From 
the  front  the  appearance  is  much  like  an  ordinary  ccn- 
trol  switch  board  built  into  the  wall.  All  the  high- 
voltage  gear  is  located  close  against  the  back  of  t'le 
wall,  through  which  the  oil  switches  are  operated  me- 
chanically. The  oil  switch  has  been  removed  from  the 
pillar  seen  in  the  foreground  of  the  rear  view,  the 
switch  itself  standing  on  the  switch  carriage  at  the  f;-r 
end  of  the  room.  In  the 
upper  portion  of  the  station- 
ary structure,  nearest  the 
wall,  are  carried  the  busbars 
arranged  in  the  horizontal 
plane.  From  the  bus  section 
projects  the  casing  which 
carries  and  protects  three 
plugging  contacts,  while 
immediately  below  are  the 
corresponding  plug  contacts 
for  the  outgoing  cable. 
Safety  doors  automatically 
cover  these  contacts  when- 
ever the  oil  switch  s  dis- 
connected from  them. 

The  switch  body  has 
rollers  which  run  on  the 
cantilever  brackets  and  the 
latter  are  long  enough  to  enable  the  switch  portion  to 
be  withdrawn  from  the  plug  contacts  and  fully  isolated 
for  inspection.  The  busbars,  series  transformers  and 
connections  to  the  switch  are  all  filled  in  solid  with  com- 
pound, and  in  this  manner  adequate  insulation  is  se- 
cured while  a  minimum  of  space  is  occupied. 

TKUCK  TYPE   SWIl  C  M  I  iKA  K 

Truck  type  switchgear  is  arranged  on  a  siniilai" 
principle  to  the  draw-out  pillar,  of  which  design  trucks 
were  in  fact  the  fore-runners.  In  general  trucks  have 
application  in  the  higher  voltage  field  which  Messrs. 
Revrolle  alone  fill  with  draw-out  piilars. 


ENER.\L  VIEW  OF  (iCloO  VOLT,  3  PHASE,  50  CYCLE,  OPERATING 
BOARD   AND    HICH-TENSION   CUIIICLES 

At  Stoke-on-Trent  corporation  substation. 
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A  typical  British  W'estinghovise  Company's  truck 
panel  is  illustrated  in  Fig.  7,  which  clearly  shows  the 
arrangement  of  apparatus  adopted.  The  contacts  on 
the  movable  truck  are  flexibly  mounted,  in  such  a  man- 
ner as  to  compensate  for  quite  large  discrepancies  m 
the  setting  of  the  fixed  contacts  on  different  panels. 
The  truck  is  a  more  flexible  unit  than  the  pillar  in  that 
practically  any  combination  of  instruments  can  he 
mounted,  and  moreover  special  switches  such  as  those 
used  for  split  conductor  protection  may  be  used  when 
necessary.  Draw-out  pillar  type  switchgear  is  practic- 
ally unknown  on  the  Continent,  although  the  truck  d;;- 
sign  actually  originated  in  Germany  some  12  or  i^ 
years  ago,  and  is  to-day  built  in  Germany  and  by 
Messrs.  Magrini  in  Italy  and  Brown  Boveri  in  Switzer- 
land. 


the  front  so  as  to  form  in  the  bottom  of  the  cubicle 
a  receptacle  of  sufficient  size  to  hold  all  the  oil,  should 
a  tank  burst  or  leak.  There  is  a  drain  in  the  bottom 
of  the  cubicle  to  conduct  this  oil  to  the  outside  of  the 
building  or  to  a  special  fireproof  tank.  In  an  alterna- 
tive arrangement  due  to  Messrs.  Brown  Boveri,  the 
drain  is  replaced  by  a  thick  layer  of  coarse  sand  ov 
gravel,  which  would  act  as  a  fire  extinguisher.  A 
sheet  metal  screen  closes  in  the  whole  of  the 
front  of  the  oil  tank  compartment  making  it 
fireproof.  The  oil  switches  used  on  the  Continent  are 
often  of  very  light  construction,  so  that  these  precau- 
tions against  bursting  are  in  a  measure  justified. 
British  switches  and  Continental  switches  intended  for 
high  voltages  and  big  powers  are  now  designed  to  with- 
stand  without  mechanical   damage  the   destructive  ef- 


!li..    _; — FRONT    VIEW     OF     HIGH-TENSION 
CUBICLES 

Containing  electrically  operated  oil 
switches,  series  transformers  and  isolat- 
ing switches. 


FIG.    3 — FRONT    VIEW    OF     HIGH-TE.NSION 
CUBICLES 

Containing     11 000    volt,    three-phase, 
Icctrically  operated  oil  switches. 


CUBICLES 

The  majority  of  Continental  installations  are  buik 
with  the  apparatus  located  in  cubicles  even  up  to  the 
highest  voltages.  Great  diversity  is  shown  in  the  choice 
of  structural  materials.  Ferroconcrete  moulded  in  situ, 
is  commonly  used.  In  some  countries,  notably  Italy 
and  Russia,  very  skillful  plasterers  are  available,  and  in 
these    countries   there   are    some   beautifully   light   and     or  screens  are  in  fact  rarely  used.     Occasionally  some 


FIG.    4 — WESTINGHOUSE    3300    VOLT, 
MINING    SWITCH    PILLAR 

The  switch  portion  is  removed  and 
standing  on  the  left.  The  guard  which 
is  normally  in  front  of  the  fixed  plug- 
ging contacts  is  shown  at  the  right. 

fects  due  to  rupturing  any  power  within  their  breaking 
capacity  rating. 

Curiously  enough,  in  places  wliere  the  oil  switch 
cell  design  is  elaborated  in  the  way  described  above,  it 
by  no  means  follows  that  cell  doors  are  used,  and  thus 
the  additional  safety  factor  in  case  of  fire,  which  the 
drain  would  give,  is  entirely  thrown  away.     Cell  doors 


graceful  plastered  structures.  An  Italian  workman  will 
make  a  wall  1.5  or  2  cm  thick  by  plastering  on  both 
sides  of  a  .sheet  of  expanded  metal.  In  Scandinavia  and 
Germany  effective  use  is  made  of  sheet  insulating  ma- 
terial, called  "Scagliol''  and  "Duroplatten".  These  a:  e 
of  the  asbestos  lumber  family,  and  are  easily  cut  to 
shape,  so  as  to  make  up  any  desired  cubicle  structure, 
using  a  very  light  rolled  steel  supporting  frame. 

Very  commonly   the  cells   containing  oil   switches 
or  other  oil  filled  apparatus  are  made  with  a  sill  across 


slight  barrier  may  be  employed,  more  to  attract  atten- 
tion to  a  danger  zone  than  as  a  protection  from  contact. 
More  usually  the  cell  work  is  left  entirely  open  and 
the  room  in  which  the  apparatus  is  located  is  keit 
locked.  Typical  Continental  cubicles  are  shown  in 
Figs.  8  and  9.  Phase  barriers  are  generally  omitted 
from  switchgear  up  to  15000  or  20000  volts,  if  the 
generating  plant  is  less  than  ten  or  fifteen  thousand 
k.v.a.  capacity,  and  also  on  small  substations  within 
these  \-oltage  limits.     This  is  recognized  bv  the  rules 
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of  the  \'.D.I-2.  which,  ahhough  primarily  the  Cieniian 
standards,  are  widel}-  accepted  and  worked  to  in  other 
continental  countries. 

On  big  systems  Continental  ir.akers  will  generaliy 
employ  phase  barriers  and  horizontal  shelves  between 
items  of  apparatus,  up  to  the  highest  voltages.  As  will 
be  explained  later  Messrs,  Brown  Boveri  and  the  All- 
manna  Svenska  depart  from  this  practice  under  certain 
conditions. 

In  Great  Britain  it  is  customary  to  employ  insula- 
tors at  all  points  where  the  conductors  pass  through  a 
wall  or  cell  barrier.  In  this  way  every  cell  forms  .1 
more  or  less  fireproof  compartment,  and  the  method  of 
construction  may  consequently  be  considered  as  jus- 
tified. 

On  the  higher  voltages  such  "through"  insulators 
are  expensive,  and  when  pressures  of  40000  volts  I'.r.d 
over  are  reached  the  construction  of  insulating  bushings 
becomes  also  a  difficult  matter  from  a  technical  point 
of  view.  Continental  Engineers  in  consequence  dis- 
pense with  "through"  insulators  as  far  as  possible,  run- 


FIC.    5 — FRONT    VIEW    OF    REYROLLE    SWITCHBOARD    EQUIPMENT    FOR 
20  000  \OLTS 

ning  the  leads  through  holes  left  ni  the  cell  work.  It 
will  be  appreciated  that  such  cubicle  structures  are  only 
fireproof  in  that  they  are  uninflammable.  If  a  fire  were 
to  start  in  any  part  of  the  switchgear  there  would  be 
very  little  to  hinder  it  spreading  through  the  whole 
e(|uipment,  even  if  cell  doors  were  fitted.  The  sole  ad- 
vantage of  a  concrete  structure  such  as  this  is  that  it 
enables  a  man  to  work  on  a  dead  circuit  without  .itiy 
risk  of  accidentally  fouling  the  live  connections  on  ad- 
jacent circuits. 

The  cost  of  a  cubicle  structure  varies  very  little 
with  voltages  from  25  000  downwards.  Above  this 
pressure  the  cost  goes  up  in  almost  direct  proportion 
to  the  voltage.  For  this  reason,  and  also  because,  with 
increased  spacings,  the  probability  of  making  accidental 
shorts  and  grounds  while  working  on  the  apparatus  is 
much  reduced,  it  is  common  practice  among  continental 
builders  to  modify  their  cubicle  structures  on  extra  high 
voltages.  A  typical  instance  is  one  of  the  latest  largo 
installations  made  by  the  Oerlikon  Co. — the  VolturnD 
Station  in  Naples.  This  is  laid  out  with  what  may  be 
termed    a    semi-enclosed    concrete    structure.     Between 


the  pules  of  the  oil  switches  and  oiher  separate  piecei 
of  apparatus,  there  are  concrete  walls,  but  these  are  ".ct 
built  continuously  and  all  interconnections  are  left  en- 
tirely without  concrete  work  or  barriers  of  any  sort. 

On  installations  of  50000  volts  and  over,  Brown- 
Boveri  and  the  Allmanna  Svenska  have  taken  the  bold 
course,  and  in  numerous  cases  dispense  entirely  with 
cubicle  structure.  All  apparatus  is  supported  on  rolled 
steel  framework.  In  Fig.  10  is  shown  an  Allmanna 
Svenska  Installation  built  on  these  lines. 

For  several  years  American  manufacturers  have 
consistently  avoided  the  use  of  cubicles  for  pressures 
in  excess  of  15  000  volts.  In  the  very  early  days  of 
high  voltage  work,  a  few  cellular  equipments  were 
built,  even  up  to  60  000  volts.  The  greatly  enhanced 
costs  already  referred  to,  coupled  with  the  consideration 
that  with  high  voltages  the  destructive  effect  of  an  arc 
is  much  less  than  with  an  equal  power  at  low  pressure, 
have  effectually  and  finally  decided  them  in  favor  of  an 
open  construction.     There  are  no  restrictive  laws  in  *^he 


FIG.    6 — REAR   VIEW   OF  BOARD    SHOWN   IN   FIG.    5 

United  States  or  Canada  which  would  compel  the  use 
of  elaborate  guarding  screens  or  interlocking  devices. 
Such  accessories  are  in  consequence  of  the  simplest 
character.  The  hnout  is  always  made  diagrammatic 
and  the  framework  so  designed  as  to  obscure  the  ap- 
paratus and  connections  as  little  ar,  possible,  so  that  it 
is  easy  to  see  the  condition  of  any  given  circuit. 

.\  happy  illustration  of  these  points  is  given  by  the 
layout  of  the  72  000  volt  gear  at  Point  du  Bois,  City  of 
Winnipeg  sj'stem.  Fig.  11.  In  this  case  a  tie  switch  i,^ 
furnished  to  link  between  a  duplicate  transformer  bank 
and  a  duplicate  transmission  line.  Such  switches  are 
extremelv  awkward  to  arrange  with  cubicle  work,  but 
the  Winnipeg  arrangement  is  remarkable  for  its  clean- 
cut  appearance  and  the  sufficiency  of  space  around  all 
switches. 

on,  swiTcirES 

High-voltage  Continental  oil  switches  are  in  general 
characterised  bv  the  large  volume  of  oil  they  require, 
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their  slow  operating  speeds  and  frequently  the  relatively 
weak  mechanical  construction  adopted.  Doubtless  this 
latter  has  its  origin  in  the  fact  that  in  Europe  a  large 
number  of  small  capacity  plants  are  located  so  far  from 
the  point  of  consumption  as  to  require  a  very  high 
transmission  voltage,  although  the  rupturing  capacity  of 
the  switch  need  only  be  small.  The  general  principle 
of  design  on  these  smaller  capacity  switches  is  to  mount 
all  three  poles  on  a  single  carrying  frame  and  to  use 
a  common  oil  tank  for  all  three  phases  until  the  weiglit 
of  the  latter  becomes  too  large  for  convenient  handling. 

According  to  the  V.D.E.  rules  any  switch  for  use 
on  24000  volts  and  above  must  have  separate  tanks. 
This  does  not  necessarily  mean  that  entirely  separate 
poles  must  be  employed.  The  change  to  this  form  is 
more  usually  made  between  30  000  to  35  000  volts. 

A  few  Continental  makers,  especially  on  their  high 
breaking  capacity  switches,  are  following  the  practice 
of  lining  the  tanks  which  is  almost  universal  in  America 


FIG.    7— WESTINGHOUSE    TRUCK    TYPE    PANEL 

With  truck  drawn  out  to  show  the  guard  over  the  bus-bar  plug 
contacts  on  the  fixed  portion. 

and  in  Great  Britain.  In  most  cases  tank  lining  is  not 
used  and  consequently  the  distance  between  live  metal 
under  oil  and  the  side  of  the  tank  is  kept  great,  so  as 
to  prevent  the  arc  of  rupture  going  to  ground  in  the 
tank 

Many  German  and  other  Continental  oil  switches 
have  hand-wheel  operation,  this  moving  the  contact 
arms  throu-^h  a  crankshaft  and  crosshead  system.  Such 
a  mechanical  system  is  essentially  slower  in  opening 
than  is  an  arrangement  of  toggles.  To  get  the  nece;>- 
sary  length  of  break  for  a  high  voltage  switch  witlun 
a  reasonable  time,  a  common  device  is  to  connect  in 
series  all  the  poles  of  a  three-pole  switch,  and  coupie 
three  such  units  together.  A  three-pole  switch  with  six 
breaks  per  pole  is  thus  obtained.  Such  an  arrangement 
is  open  to  numerous  objections.     Using  the  frame  of  a 


three  pole  switch  intended  for  a  lower  voltage  there  is 
always  a  tendency  for  the  arc  to  go  from  fi.xed  contact 
to  fixed  contact,  and  even  with  this  cramped  spaciig 
the  overall  dimensions  of  a  three-pole  unit  are  extremely 
large.  For  these  reasons  the  latest,  large  capacity,  high- 
voltage  Continental  switches  embody  a  new  form  of  in- 
ternal mechanism  so  that  a  long  break  can  be  obtained 


FIG.   8 — TYPICAL    ITALIAN    CUBICLE    WORK    BY    MAGRINI 

within  a  single  pole  unit,  the  rotary  motion  usually  being 
transmitted  through  bevel  wheels. 

The  oil  switches  built  by  the  Allmanna  Svenska 
stand  out  among  Continental  apparatus  in  that  they  are 
primarily  intended  for  lever  operation,  and  the  closmg 
and  tripping  mechanism  is  a  toggle  system,  much  as  is 
coinmonly  used  in  America  and  in  Great  Britain. 

Practically  all  Continental  oil  switches  are  fitted 
with  either  a  wire  rope  gear  or  a  screw  driven  platform 
for  lowering  the  oil  tank.  The  removable  tank  lowering 
and  transporting  carriage  is  (with  the  exception  of  All- 
manna Svenska)  peculiar  to  British  and  American  prac- 
tice.    Very    large    continental     switches    are    usually 


mounted  on  rollers  so  that  the  whole  unit  can  be  re- 
moved with  ease,  once  the  connections  and  the  mechan- 
ical couplings  are  unfastened. 

THROUGH    INSULATORS   AND  BUSHINGS 

The  design  of  insulators  for  use  on  very  high  volt- 
ages is  one  of  the  most  fascinating  studies  in  connec- 
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tion  with  switchijear  work.  There  is  little  or  no  uni- 
formity of  practice,  different  firms  having  produced 
bulk  type  insulators,  compound  insulators  and  condenser 
bushings,  all  of  which  can  be  made  to  operate  satisfac- 
torily although  each  type  suffers  from  its  peculiar  dis- 
advantages. 

Up  to  50000  to  60000  volts,  solid  porcelain  insula- 
tors may  be  economically  manufactured.  Above  th:s 
figure  the  porcelain  would  have  to  be  so  thick  that  it 
would  be  hard  to  ensure  the  necessary  homogeneity,  and 
"through"  insulators  or  bushings  must,  therefore,  be  of 
some  other  material  or  type  of  construction.  To  a  cer- 
tain extent  Bakelite  micarta,  or  Haefelite  (a  Swiss  syn- 
thetic insulator  of  very  similar  character)  has  been 
used  for  bulk  type  bushings  even  up  to  120000  volts. 
The  most  usual  form  of  compound  insulating  bushing 
used  on  the  Continent  consists  of  a  porcelain  shell,  ifie 
space  between  the  shell  and  the  conductor  being  filled 
with  bitumen,  paraffin  wax  or  some  such  insulating 
medium.  The  design  of  compound  insulators  calls  for 
considerable  care  in  the  selection  of  dielectrics.     The 


FIG.    10 — 70000    VOLT    OPEN    SVVITCHGEAR 

Porjus  Scheme,  Allmanna  Svenska. 
specific  capacities  must  be  such  that  the  potential  grad- 
ient over  the  whole  insulator  is  so  distributed  as  not  to 
overstress  any  one  of  the  component  dielectrics,  while 
taking  full  advantage  of  the  insulating  value  of  each 
component. 

Most  bitumen  filled  bushings  have  been  quite  suc- 
cessful, the  main  difficulties  being  those  of  manufacture. 
It  is  essential  to  exclude  all  air  when  filling  the  insula- 
tors, and  also  to  provide  for  expansion  of  the  filling,  as 
the  bitumen  has  a  much  higher  co-efficient  of  expansion 
than  porcelain.  The  proper  proportions  of  a  bitumen 
filled  bushing  renders  the  diameter  at  the  central  mount- 
ing ring  very  large.  Apart  from  this,  the  outer  shells 
vary  considerably  in  design,  ranging  from  the  Ganz  in- 
sulator which  is  deeply  corrugated  over  the  whole 
length,  to  the  Brown  Boveri  insulator  which  has  a  p*^r- 
fectly  smooth  outer  surface. 

SUPPORTING  INSULATORS 

The  designs  of  supporting  insulators  are  not  sub- 


ject to  such  great  variation  as  are  bushings,  since  in 
this  case  [nmcturing  voltage  does  not  have  to  be  con- 
sidered, but  only  flash-over.  Porcelain  is  used  almost 
exclusivel}-.  In  most  cases  the  insulators  are  of  the 
conical  post  type  made  in  as  few  pieces  as  [jossible. 
One  piece  insulators  have  been  made  for  pressures  as 
high  as  70000  volts.  The  principal  differences  are  mat- 
ters of  shape,  the  deeply  corrugated  insulator  still  hav- 
ing its  adherents,  although  in  most  cases  any  irregular- 
ity in  the  insulator  surface  partakes  more  of  the  char- 
acter of  ornamentation,  rather  than  being  an  attempt 
to  improve  the  insulator  electrically. 

LIGHTNING  PROTECTION 

Practically  all  the  high  voltage  systems  of  the 
world  employ  long  overhead  transmission  lines.  The 
protection  of  these  and  of  the  connected  apparatus  is 
therefore  a  matter  of  first  importance. 

In  the  first  case  it  may  be  well  to  emphasize  ihe 
great  improvements  which  have  been  made  in  the  'n- 
sulation    of    connected    apparatus.     Transformer    end 
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FIG.    II — 72000    VOLT    SWITCH    ROOM,    WINNIPEG    CITY 

turns  are  often  so  well  insulated  that  more  than  one 
maker  both  here  and  abroad  is  prepared  to  connect  them 
direct  to  a  line  without  any  intervening  choke  coils  be- 
fore the  lightning  arrester  equipment. 

In  Sweden  there  are  a  few  installations  (at  20000, 
40000  and  even  70000  volts)  in  which  no  over- voltage 
protection  other  than  drainage  coils  is  employed.  It 
must  be  borne  in  mind  that  the  lightning  storms  en- 
countered in  Sweden  are  by  no  means  as  severe  c-,s 
would  be  the  case  in  Central  and  Southern  Europe,  or 
in  America.  It  is  interesting  in  this  connection  to  note 
that  the  first  100  000  volt  installation  in  America,  namely 
that  of  the  Grand  Rapids  Muskegon  Power  Companv, 
had  their  transformers  connected  direct  to  the  line  with- 
out any  switching  devices,  choke  coils  or  arresters.  In 
this  manner  they  worked  satisfactorily  for  many  years. 
Later  additions  to  the  same  system  using  140000  volts 
have  had  switchgear  and  arresters  in  the  high-tension 
circuits. 
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I'ractically  all  Continental  lightning  arrester  designs 
(and  their  name  is  legion)  hinge  around  the  use  of  tiie 
horn  gap  originally  used  by  Siemens,  operating  in  con- 
junction with  a  water  jet.  Usually  the  horn  gap  (cr 
two  or  more  horn  gaps  in  series  on  high  voltages)  is 
arranged  with  a  resistance  in  series  to  ground,  the  sers 
of  horns  and  resistances  being  in  star.  The  horn  gap-; 
are  set  with  such  a  gap  that  the  "spill-over"  voltage  -s 
about  150  to  180  percent  of  normal  line  voltage,  and 
the  resistance  serves  to  limit  to  a  safe  value  the  flow  of 
dynamic  current  following  on  a  discharge. 

The  general  value  of  resistance  is  such  that  the 
dynamic  current  is  limited  to  between  one  and  ten 
amperes  ;  five  amperes  may  be  taken  as  a  \ery  usual 
figure.  If  the  resistance  be  too  high  the  freedom  of 
discharge    will    be    affected.     The    resistance    itself    is 


lie\'e  minor  over  pressures.  The  water-jet  is  usually 
installed  close  to  the  end  of  each  overhead  line,  but 
where  expense  is  of  first  importance,  or  where  ilie 
length  of  the  line  is  short,  it  is  sometimes  connected 
direct  to  the  bus-bar  system.  As  the  name  implies,  the 
apparatus  consists  in  a  solid  stream  of  water  which  is 
kept  constantly  playing  on  each  of  the  three  lines.  A.n 
ammeter  is  usually  connected  in  scries  and  the  length 
and  section  of  the  jet  are  such  th?t  under  normal  line 
voltage  a  current  of  from  o.i  to  0.2  amperes  con- 
stantly flows  to  ground.  This  means  an  annual  power 
loss  of  at  least  1500  kw-hrs.  per  kilovolt  line  pressure. 
This  apparatus  really  functions  at  voltages  between  nor- 
mal line  pressures  and  the  critical  setting  of  the  horn 
arresters.  It  cannot  be  employed  by  itself  as  the  wa'cr 
column  would  present  too  high  a  resistance  to  relie/e 
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Porjus  Scheme,  Allmanna  Svenska. 

either  of  the  oil-immersed  wire  wound  type  or  consists 
of  a  column  of  water  within  an  earthenware  pipe. 

Some  engineers  adopt  the  alternative  of  using  horns 
set  to  about  double  line  voltage  jmd  connected  direct 
to  ground  without  any  resistance  whatsoever.  This 
arrangement  will  best  relieve  the  system  of  all  over  pr-;':- 
sures  e.xceeding  that  for  which  the  horns  are  set.  If 
two  or  more  horns  operate  simultaneously,  however,  the 
result  is  a  phase-to-phase  short-circuit;  or  should  .1 
single  horn  spill  over,  the  effect  is  that  of  an  arcing 
ground,  of  varying  resistance  as  the  arc  rises  up  the 
horns. 

As  stated  above  it  is  usual  to  employ  a  water-jet 
device  as  well  as  the  horns,  the  former  serving  to  re- 


FIG.    13 — riET.MLS    OF    LIGHTNING    ARRESTER    INSTALLATION 
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properly  the  effects  of  lightning.  American  experience 
shows  conclusively  that  the  minor  over  pressures  are 
in  no  way  to  be  feared,  and  that  the  protection  afforded 
by  water-jet  devices  is  not  worth  the  initial  outlay  and 
the  annual  cost  of  wasted  power. 

In  addition  to  the  apparatus  mentioned  above,  there 
are  numerous  devices  which  are  less  widely  applied. 
Among  these  may  be  cited  low  equivalent  (Wurts)  ar- 
resters, the  Siemens  multiple  choker  and  horn  appar- 
atus, shown  in  Figs.  12  and  13 ;  the  Gola  horn  and  con- 
denser arrester;  the  Pizzuti  and  Ferrari  combination  of 
horns,  chokers  and  condensers ;  and  the  Mosckiki  and 
Fribourg  condensers.  It  would  seem  to  be  without  the 
scope  of  this  paper  to  deal  with  these  in  any  detail,  as 
thev  cannot  be  considered  as  truly  representative. 


The  J'^Mf^iiioor  aiid  ilu)  Coinnumliy 


E.  H.  Sniffin 


IT  IS  USEFUL  sometimes  to  stand  off  a  little  way 
and  take  a  view  of  your  work,  the  field  of  your  ac- 
tivity and  its  relation  to  the  general  scheme  of 
things.  To  go  up  on  a  mountain,  so  to  speak,  and  look 
down  upon  the  world,  to  ponder  what  its  inhabitants 
are  all  doing  and  why,  and  where  you  fit  into  the  plan. 
One  may  well  muse  over  the  purpose  of  it  all.  It  seems 
like  a  very  fair  earth,  where  men  ought  to  be  very  de- 
cent and  very  comfortable.  Then  why  have  they  made 
such  a  sorry  mess  of  it?  Perhaps  it  is  in  the  divine 
scheme  that  they  should  make  a  mess  of  it.  We  know 
there  has  always  been  a  terrible  struggle,  perhaps  al- 
ways will  be,  for  the  things  that  bring  us  food,  cover- 
ing, shelter  and  delight  for  the  senses,  and  the  landscape 
will  soften  very  gradually  as  men  slowly  learn  that  it  is 
not  a  struggle  of  units,  but  a  struggle  of  humanity  in 
the  mass ;  that  we  cannot  live  alone,  but  that  we  depend 
upon  each  other  and  that  the  one  substantial  happiness 
that  comes  to  any  man  is  to  be  measured  by  the  extent 
of  his  service  to  others. 

And  so  I  cannot  talk  about  the  engineer  until  I 
find  his  place  in  this  scheme  of  things ;  and  when  I  see 
what  he  has  done  for  the  world,  when  I  find  that  within 
the  last  century  he  has  practically  revolutionized  the  liv- 
ing conditions  of  civilized  people  and  made  the  world 
.more  habitable  than  was  even  dreamed  of  by  the  great- 
est imaginations  of  former  ages,  I  am  bound  to  con- 
clude that  the  engineer,  perhaps  above  all  others,  has 
contributed  most  to  the  material  welfare  of  humanity. 
What  is  known  as  the  world's  industrial  revolution  be- 
gan about  a  hundred  years  ago  when  by  the  application 
of  steam  as  motive  power  and  the  inventions  of  ma- 
chines for  various  purposes  which  it  stimulated,  and  the 
onward  march  of  scientific  discovery,  there  followed 
the  age  which  has  culminated  in  our  own  day  in  a  world 
transformation.  And  what  a  romance  it  has  been,  this 
work  of  the  engineer.  Not  alone  for  money  gain  has  he 
labored,  albeit  he  has  made  it  for  others,  but  to  him 
has  come  a  wealth  greater — 

"Than  all  Bocara's  vaunted  gold. 
Than  all  the  gems  of  Samarcand." 

the  consciousness  of  a  great  world  service.     He  has 

hitched  his  wagon  to  a  star.     Do  you  remember  that 

beautiful  poem  of  Kipling's  which  begins — 

"When  earth's  last  picture  is  painted, 
And  the  tubes  are  twisted  and  dried." 

and  then  he  describes  that  heavenly  existence  where — • 

"No  one  shall  work  for  money. 

And  no  one  shall  work  for  fame, 

But  each  for  the  joy  of  the  working, 

And  each  in  his  separate  star. 

Shall  draw  the  thing  as  he  sees  it, 

For  the  God  of  things  as  they  are." 
The  engineer  does  not  have  to  die  to  do  that.     He 
does  it  while  he  is  here.     He  has  been  the  interpreter  of 


*From  an  address  before  the  Baltimore  Section,  A.I.E.E., 
April  25,  1919. 


physical  facts  and  natural  laws  and  marshalled  them 
into  useful  paths  of  world  employment.  He  has 
"drawn  the  thing  as  he  sees  it,  for  the  God  of  things  as 
they  are".  I  sometimes  imagine  when  I  look  at  a  great 
piece  of  engineering  work, — an  ocean  steamer,  a  long 
span  of  bridge,  a  big  dam,  an  immense  power-house, — 
that  if  the  creator  of  it  should  have  passed  into  the 
shadows,  his  soul  must  still  hover  near  this  monument 
of  its  earthly  expression,  for  that  would  be  Heaven  in- 
deed. 

And  it  is  this  feeling  that  I  have  for  the  engineer, 
the  love  and  esteem  I  hold  for  him,  that  prompts  me 
to  discuss  "The  Engineer  and  the  Community".  Or  to 
put  my  meaning  in  the  form  of  a  question, — why  is  not 
the  engineer  a  more  conspicuous  member  of  the  com- 
munity? The  query  is  by  no  means  original  with  me. 
It  is  beginning  to  concern  the  engineer  himself.  It  has 
been  accentuated  perhaps  by  his  large  contribution  to 
our  victory  in  the  great  war,  not  only  through  his  en- 
gineering achievements,  but  his  power  of  organization 
and  administration,  the  employment  of  a  mind  trained 
to  deal  with  facts  and  form  accurate  conclusions.  It 
has  been  the  frequent  topic  before  many  of  our  engi- 
neering societies.  Only  thirty  days  ago  there  was  held 
at  New  York  an  engineers'  symposium  on  the  topic  of 
"The  Engineer  as  a  Citizen".  Many  engineering  so- 
cieties were  represented.  The  trend  of  discussion  bore 
particularly  upon  the  question  of  what  the  various  so- 
cieties might  do  to  extend  their  useful  influence  toward 
proper  legislation  on  questions  coming  within  the 
sphere  of  their  specialized  knowledge.  Mr.  Townley 
told  of  several  occasions  when  the  A.  I.  E.  E.  had  been 
invited  by  the  Government  to  send  committees  to  dis- 
cuss engineering  questions  involved  in  certain  bills  and 
measures  under  consideration.  On  these  occasions  the 
committees  were  instructed  to  confine  their  interests 
strictly  to  statements  of  engineering  and  allied  facts  not 
embraced  within  the  field  of  controversy,  but  to  avoid 
expression  as  to  the  wording  of  any  bills  or  to  give 
opinions  on  legal  matters.  On  two  occasions  joint 
committees  representing  the  National  engineering  so- 
cieties have  appeared  before  legislative  bodies  in  op- 
position to  bills  which  they  considered  inimical  to  the 
engineer  in  particular  and  the  public  in  general.  The 
joint  committee  of  the  various  societies  was  continued 
for  some  years  and  finally  resulted  in  the  organization 
of  the  Engineering  Council.  This  Council  has  existed 
since  May  1917.  It  is  authorized  to  speak  for  its  consti- 
tuent societies  on  matters  of  common  concern  to  engi- 
neers and  to  afford  a  means  for  joint  action  when  desir- 
able. The  Council  has  examined  and  reported  upon  a 
great  deal  of  pending  legislation  and  has  passed  numer- 
ous resolutions  to  the  societies  favoring  or  opposing  pro- 
posed laws.     With  the  close  of  the  war  came  a  very  in- 
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sistent  demand  that  the  engineers  of  the  country  be 
represented  at  Washington  during  the  reconstruction 
period,  and  there  was  appointed  a  National  Service 
Committee,  having  an  office  in  Washington,  comprised 
of  a  chairman  and  two  prominent  representatives  from 
each  of  the  four  founder  societies.  Engineers  in  gen- 
eral have  apparently  welcomed  this  means  of  acquiring 
first  hand  information  from  those  they  deem  qualified 
to  give  it  at  the  scene  of  action.  All  this  will  show  you 
that  our  societies  have  been  evincing  a  good  deal  of  in- 
terest in  public  matters,  embracing  questions  that  come 
within  their  professional  experience  and  knowledge,  but 
it  may  be  said  that  up  to  the  present  time  they  have  re- 
mained aloof  from  general  public  or  political  activities. 

My  own  opinion  is  that  our  various  engineering  so- 
cieties, as  such,  should  not  in  their  public  aspect  let 
down  the  barriers  which  now  distinguish  them  in  the 
world's  respect.  I  believe  it  to  be  not  a  question  of 
the  good  they  might  do  if  their  influence  were  exerted 
upon  matters  of  public  weal  coming  before  legislative 
bodies  or  directly  before  the  electorate,  but  rather  the 
danger  there  is  of  a  suspicion  that  would  impair  the 
present  authority  which  they  hold  in  the  public  mind. 
It  sometimes  takes  the  public  a  long  time  to  recognize 
the  truth,  and  often  very  little  will  divert  it  from  the 
true  path.  The  great  discoverers  of  truth  have  usually 
been  canonized  long  after  they  have  died  of  broken 
bodies  or  broken  hearts.  But  the  people  do  want  the 
truth  and  if  there  be  a  sanctuary  where  they  know  it 
presides  let  it  be  maintained  inviolate. 

I  think  there  is  no  doubt  that  our  scientific  bodies 
have  gained  as  much  headway  in  the  public  esteem  as 
we  could  well  expect  considering  the  conditions  of  our 
National  growth  and  the  meager  time  we  have  had  for 
reflection.  They  will  continue  to  exert  greater  authority 
under  the  refining  influence  of  the  scientific  methods 
that  must  inevitably  follow  our  cruder  methods  of  the 
past. 

The  problem,  it  seems  to  me,  lies  more  particularly 
with  the  engineer  as  an  individual  and  that  is  the  chief 
thought  in  my  mind.  Why  is  he  not  a  more  conspicu- 
ous citizen?  Why  do  we  not  have  more  of  the  benefit 
of  his  trained  mind  in  our  public  affairs?  Is  he  to  be 
so  highly  specialized  in  his  profession  as  not  to  be  a 
man  among  men,  he  of  the  trained  mind,  and  not  help 
to  solve  the  problems  common  to  us  all?  Shall  we 
leave  it  to  the  lawyers  to  hold  public  offices?  If  so,  I 
am  wondering  what  special  qualifications  the  lawyer  has 
for  the  public  service  that  the  engineer  does  not  possess, 
or  at  least  might  not  readily  acquire.  I  can  very 
easily  imagine  that  the  engineer  in  his  lifetime  search 
for  facts,  for  the  truth  of  things,  dealing  as  he  must 
with  economic  problems  which  suffer  no  gloss  or  guile, 
might  indeed  be  a  very  valuable  public  servant.  I  am 
told  that  the  membership  of  the  Sixty-Fifth  Congress 
contains  not  a  single  engineer  in  either  the  Upper  or 
Lower  House.  It  must  be  a  matter  of  chagrin  to  us, 
when  we  come  to  think  of  it,  that  in  our  country  with 
its   wonderful   scientific   and   mechanical    achievements 


which  have  been  the  biggest  thing  in  our  development, 
there  stand  out  very  few  men  among  our  engineers  or 
scientists  whose  voice  is  heard  in  our  National  councils. 
What  a  pity;  and  how  much  better  it  would  be  for  the 
country  if  the  reverse  were  true. 

I  think  the  trouble  starts  at  the  school.  I  am  glad 
to  say  that  that  feature  is  improving,  but  I  think  rather 
slowly.  As  a  rule  technical  school  graduates  have 
shown  too  much  the  effect  of  a  specialized  training  at 
the  expense  of  an  education.  The  engineer  seems  to  be 
stamped  upon  them  at  the  expense  of  the  man.  Their 
general  interest  in  things  has  not  been  stimulated. 
They  have  not  the  catholicity  of  taste  or  ready  re- 
sponse to  environment  that  marks  the  well  rounded 
man.  Then  followed  their  years  of  work,  their  con- 
centration upon  the  thing  they  loved,  with  little  heed  for 
the  verities  or  amenities  of  our  common  social  exist- 
ence. I  do  not  complain  of  the  engineer's  usefulness. 
There  is  nothing  but  praise  to  be  said  for  the  value  of 
his  work.  But  he  lives  in  a  world  of  men  who  have 
their  own  way  of  appraising  his  value  and  I  am  con- 
tending that  he  has  the  training  that  will  enable  him 
to  serve  them  in  a  greater  degree  still,  if  he  will  come 
out  of  his  hermitage  and  mingle  with  the  open  world. 
We  must  remember  that  in  our  own  country  there  is 
very  little  spontaneity  of  recognition  of  the  men  of 
science.  In  the  older  countries  they  are  selected  for 
distinguished  honors.  Great  Britain  knights  her 
Thompsons,  her  Parsons,  her  Whitworths,  her  Besse- 
mers,  a  long  list  of  them  who  take  place  with  her  states- 
men, her  scholars,  her  publicists.  Poincare,  the  Presi- 
dent of  France,  is  said  to  be  one  of  the  world's  great 
mathematicians.  Clemenceau  was  once  a  physician, 
and  I  am  told  there  are  about  seventy  physicians  in  the 
present  Chamber  of  Deputies.  And  Paderewski  is  now 
running  Poland.  If  this  artist,  who  I  suppose  is  tem- 
peramental, can  leave  his  keyboard  and  work  with  all 
his  brain  and  brawn  and  heart  and  soul  for  the 
nationality  of  his  country,  what  do  you  suppose  the  en- 
gineer might  do  ?  Artist  that  he  is,  he  fits  very  well  into 
my  theme.  Our  first  President  was  an  engineer. 
Franklin  was  a  scientist.  But  both  of  these  great  men 
had  other  compelling  interests  that  made  their  names 
immortal.  The  habit  went  out  of  fashion  at  an  early 
date. 

The  fact  is  that  our  own  country  is  not  inclined  to 
exalt  a  man  into  realms  of  distinction  beyond  his 
definite  accomplishment,  although  it  does  quickly  recog- 
nize him  for  what  he  does,  and  it  is  as  true  of  human 
nature  here  as  elsewhere,  that  your  light  gives  better 
illumination  when  exposed  than  when  hid  under  a 
bushel.  Our  friend,  the  engineer,  is  too  modest.  Any 
man  would  be  who  spends  his  life  struggling  with 
natural  laws ;  he  finds  out  how  small  he  is.  And  I 
suppose  it  to  be  natural  that  he  should  view  with  but 
casual  interest  the  many  phases  of  our  social  life,  and 
especially  the  banalities,  as  he  sees  it,  of  politics.  So  he 
keeps  aloof  from  all  these  trifling,  artificial,  unsubstan- 
tial affairs,  and  remains  the  engineer.     And  the  public 
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lets  him  have  his  way.  Now  this  is  undoubtedly  very 
wrong.  There  is  nothing  more  true  than  the  fact  that 
people  live  upon  the  earth  in  a  social  state  of  interde- 
pendence, the  most  successful  of  them  under  represen- 
tative forms  of  Government.  Through  these  represen- 
tatives National,  state  and  municipal  laws  and  local 
ordinances  are  enacted,  supposed  to  give  the  maximum 
benefit  to  the  greatest  number.  These  important  func- 
tions are  exercised  often  from  political  motives 
purely.  Very  often  the  motive  is  honest  and  sincere, 
but  the  result  is  unwise,  unsound  and  sometimes  vicious 
in  its  consequences.  Do  you  suppose,  for  instance,  that 
the  hydroelectric  situation  in  our  country  to-day  would 
have  existed  had  there  been  among  our  law  makers 
enough  men  with  the  engineering  and  economic  knowl- 
edge to  know  what  they  were  doing?  No,  it  required  a 
world  war,  with  its  stress  upon  every  ounce  of  our 
National  energy  to  make  us  fully  realize  that  we  have 
about  twice  as  much  undeveloped  water  power  in  this 
country  as  there  is  steam  power  in  use,  including  loco- 
motives, scarcely  any  of  which  will  invite  a  dollar  of 
capital  under  our  present  ill-considered  laws.  So  the 
President  is  now  trying  to  speed  up  the  remedial  legis- 
lation that  has  been  under  consideration  for  many  years. 
But,  as  I  said  before,  the  engineer  will  not  be 
picked  from  his  profession  to  serve  in  public  life.  He 
must  himself  show  social  and  public  activity.  He  must 
make  men  aware  of  him.  I  wonder  if  I  might  say  he 
must  advertise  himself — that  word  "advertise"  has  a 
new  significance  to  me  since  I  have  seen  how  necessary 
and  successful  it  was  in  such  a  good  and  worthy  cause 
as  our  Liberty  bond  campaigns.     When  Emerson  said 


that  if  you  could  do  something  better  than  any  one 
else  could  do  it,  the  world  would  make  a  path  to  your 
door,  even  though  you  lived  in  the  heart  of  a  wood,  he 
had  in  mind  only  one  phase  of  human  nature.  It  is 
equally  a  fact  that  the  greatest  truth  that  was  ever 
established  will  be  accepted  more  readily  if  it  hits  you 
in  the  face  at  every  turn.  Not  as  an  engineer  shall  he 
advertise,  but  as  a  man  of  superior  mind,  who  in  the 
sweep  of  his  knowledge  and  the  sincerity  of  his  purpose 
shall  become  a  strong  and  helpful  influence  in  our  pub- 
lic affairs.  We  are  living  in  a  critical  period  of  the 
world's  history.  We  have  just  expended  nearly  ten 
million  lives  and  two  hundred  billions  of  wealth,  and 
were  ready  to  give  all  our  lives  and  all  our  wealth  to 
preserve  our  heritage  of  freedom  and  righteousness. 
Thrones  have  been  demolished  and  Governments  up- 
set and  the  world  is  trying  to  find  its  way,  let  us  hope, 
to  a  new  and  better  order  of  existence.  Meanwhile 
there  are  tens  of  millions  of  people  living  under  condi- 
tions of  social  chaos,  and  it  would  be  a  bold  man  who 
could  say  how  far  it  will  go,  or  indeed,  whether  our 
own  fair  land  shall  be  immune  from  the  blight  of  these 
poisonous  theories  that  have  already  spread  from  the 
Volga  to  the  Rhine.  Let  us  hope  not.  But  let  us 
make  sure  that  it  shall  be  every  man's  duty  to  come  out 
of  his  isolation  into  his  fullest  obligations  of  citizenship ; 
that  men  of  trained  mind  and  trained  character  shall 
seek  their  places  in  the  councils  of  our  country ;  and 
that  the  engineer  above  all  others  shall  no  longer  ex- 
clude himself  from  the  fullest  measure  of  public  ser- 
vice. 
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THE  "Do  it  electrically"  slogan  can  find  no  better 
advertisement  than  the  success  which  has  at- 
tended, from  the  first,  the  introduction  of  electric 
power  for  driving  the  main  rolls  in  steel  mills.  This 
success  has  been  due  mainly  to  the  inherent  reliability 
■of  the  type  of  motor  chosen  by  the  mill  engineers  for 
this  application  and  to  the  fact  that  electrification  at 
once  provided  an  easy  and  accurate  way  of  determining 
the  power  consumption  of  the  violently  fluctuating  loads 
encountered  in  the  rolling  of  steel,  thus  enabling  the 
manufacturer  to  analyze  and  definitely  fix  the  require- 
ments to  be  met  in  the  motor  design.  These  require- 
ments, such  as  ability  to  carry  heavy  peaks  of  overload 
safely,  insulation  to  withstand  the  adverse  atmospheric 
■condition  prevalent  in  steel  mills,  accessibility  for  in- 
spection and  overhauling  and  for  making  quick  repairs 
in  case  of  accident,  can  all  be  summed  up  in  the  words 
■continuity  of  service  which  is  the  paramount  require- 
ment  of   this   application.     The  proverbial   "prince  or 


pauper"  condition  of  the  steel  industry  makes  this 
point  all  the  more  important,  for  in  times  of  trade  ex- 
pansion it  is  often  imperative  that  the  mills  should  be 


FIG.    I  — 1500    HP,    505    R.P.M.    ROLLING    MILL    MOTOR    SHOWING    TYPE 
OF   CONSTRUCTION    USED    FOR    UNITS    OF    MEDIUM    SIZE 

capable  of  rolling  steel  without  interruption  over  long 
periods  of  time. 
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The  first  installations  of  electric  motors  for  driving 
of  roll  trains  in  steel  mills  were  made  in  1905  and  the 
design  of  the  first  motors  was  quite  special,  sometimes 
reflecting  widely  differing  individual  ideas  of  the  re- 
quirements.     This    was    natural,    for    pioneering    and 


FIG.    2 — 6000    HP,    86    R.P.M.    MOTOR    FOR    DRIVING    THE    RAIL    MILL    AT    THE    DULUTH 
PLANT    OF    THE    MINNESOTA    STEEL   COMPANY 

This  type  of  construction  is  used  for  the  larger  units.     The  stator  is  slid 
aside  for  access  to  stator  and  rotor  windings. 

standardization  do  not  go  hand  in  hand.  Gradually, 
through  years  of  experience  a  distinct  type  of  motor 
was  developed  for  this  service  by  eliminating  undesir- 
able and  unnecessary  features  while  retaining  or  adding 
desirable  ones. 

As  a  rule  there  are  no  restrictions  in  regard  to 
space  or  weight  of  motors  for  this  application.  In  the 
electrical  design,  therefore,  the  proportions  can  be  de- 
termined entirely  with  the  view  of  producing  a  machine 
that  will  fulfill  most  economically  all  of  the  service  re- 
quirements, considering  first  cost  together  with  upkeep 
charges  and  performance.  Questions  relating  to  .oper- 
ation are  naturally  given  preference  over  those  of  per- 
formance. For  instance,  it  is  better  policy  to  use  a  re- 
latively small  number  of  slots  with  coils  of  substantial 
cross-section  instead  of  endeavoring  to  gain  one  or  two 
percent  in  power-factor  by  using  a  larger  number  of 
slots,  necessitating  small  and  more  or  less  flimsy  coils 
with  consequent  increased  risk  of  breakdown. 

A  typical  motor  for  this  application  is  shown  in 
Fig.  I.  Usually,  the  mills  are  equipped  with  heavy  fly- 
wheels and,  to  provide  for  easy  starting  conditions,  the 
wotftid  rotor  construction  is?  adopted  which  permits 
the  use  of  external  x^istanCe  in  the  rotor  circuits  so 
that  the  energy  stored  in  the  flywheel  may  be  utilized  to 
assist  the  motor  in  carrying  peak  loads.  By  using  ped- 
estal type  bearings,  ready  provisions  can  be  made  for 
sliding  the  stator  to  one  side,  making  it  an  easy  oper- 
ation to  expose  the  rotor  completely  without  disturbing 
the  alignment  of  the  shaft,  Fig.  2. 

STATOR 

The  necessary  strength  and  rigidity  required  of  the 


stator  are  obtained  by  using  a  box-type  cast-iron  frame 
of  liberal  proportions  with  the  supporting  feet  located 
near  the  horizontal  center  plane  and  cast  integral  with 
the  frame.  The  feet  have  screws  and  liners  for 
horizontal  and  vertical  adjustment  so  that  the  stator  can 
be  moved  by  fine  increments  in  any 
direction  for  purpose  of  lining  up  the 
air-gap  and  to  take  up  for  any  wear 
of  bearings.  The  laminations  are 
dovetailed  into  ribs  in  the  frame  cast- 
ing and  are  clamped  between  heavy 
\  .  end  plates  with  fingers  for  supporting 

the    teeth.     The    slots    are    of    the 
1|'  straight  open  type  and  the  winding  is 

^pl  composed     of     duplicate    coils   com- 

pletely formed  and  insulated  before 
being  placed  in  the  slots. 

In    order    to    withstand    severe 
service    under    the    adverse    atmos- 
pheric   conditions    existing    in     steel 
mills,  it  is  necessary  that  the  insula- 
tion of  the  windings  should  be  of  the 
very    best    obtainable.     This    applies 
particularly  to  that  part  of  the  wind- 
ing which  is  imbedded  in  the   core 
and  the  solution  of  the  problem  here 
lies    in    the    use    of    mica.       Mica 
possesses     an     admirable     combination    of    great     di- 
electric    strength     and     high     heat     resistive     quali- 
ties, in  fact  its  insulation  resistance  increases  with  tem- 
perature.    It  is  also  resilient  and  retains  its  resiliency 
indefinitely,  thus  helping  to  hold  the  coils  tightly  in  the 
slots.     For  the  purpose  of  applying  it  on  the  coils,  the 
mica  laminations  and  fish  paper  are  bound  together  into 
sheets  by  means  of  a  special  compound.     These  sheets 
are  wrapped  around  the  straight  part  of  the  coil  and 
are  then  held  on  by  means  of  cotton  tape  which  serves 
as  a  mechanical  binder.     The  coil  ends  projecting  out- 
side of  the  core  where  the  demands  on  insulation  are 
not  as  great  and  where  more  flexibility  is  required  are 


FIG.    3 — METHOn    OF    BRACING    STATOR    WINDING. 

insulated  with  treated  cloth.  To  guard  against  the 
metallic  dust  so  prevalent  in  steel  mill  atmosphere,  it 
is  essential  that  all  joints  in  the  insulation  be  effectively 
sealed.  The  windings  must  be  well  braced  so  as  to 
withstand    mechanical    vibrations    and    surges    due    to 
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switching  and  extreme  fluctuations  in  load.  The  slot 
portion  of  the  coil  is  held  by  wedges  driven  into  grooves 
in  the  sides  of  the  teeth  and  the  coil  ends  are  braced  by 
lacing  each  coil  to  an  insulated  steel  ring  supported 
from  the   stator   frame.     The   windings   are   protected 


FIG.   4 — TYPICAL   ROTOR    COIL,    FORMED   TO   EXACT    SHAPE    AND 
COMPLETELY    INSULATED   BEFORE   ASSEMBLY 

against   injuries    from   external    sources   by   means   of 
suitable  cast  iron  end-bells  bolted  to  the  stator  frame. 


dropped  in  at  a  time,  so  that  inspection  and  testing  can 
be  easily  made  effective  on  each  individual  coil  and 
there  is  no  forming  or  insulation  operation  performed 
after  the  coils  are  put  into  the  slots.  The  only  draw- 
back to  such  a  construction  is  the  relatively  high  cost 
of  the  formers  required.  However,  this  method  gives 
excellent  insurance  of  a  good  job  being  done  at  the  fac- 
tory and  so  facilitates  the  removal  of  coils  for  repair, 
in  case  of  accident,  that  its  slightly  higher  cost  as  com- 
pared with  other  constructions  is  more  than  justified. 

One  may  ask  why  this  type  of  construction  is  not 
used  also  on  the  stator.  The  answer  is  that  while  it  is 
thoroughly  practicable  even  on  the  largest  machines  to 
design  rotor  windings  having  only  four  straps  per  slot, 
it  is  necessary  to  subdivide  the  stator  coils  into  a 
greater  number  of  strands  depending  on  the  line  voltage 
and  in  order  to  minimize  the  effect  of  eddy  currents 
which  effect  would  often  be  serious  if  heavy  straps  were 


The  rotor  has  to  take  the  brunt  cf  the  shocks  and 
vibrations  transmitted  from  the  mill.  Also  it  must  be 
capable  of  being  reversed  from  full  speed  and  at  full 
line  voltage,  when  required  to  make  a  quick  stop  and 
withstand  the  severe  insulation  and  mechanical  strains 
imposed  by  that  operation.  To  this  end  the  rotor  is 
built  up  on  a  strong,  rugged  double  arm  spider  usually 
made  from  cast  steel,  with  the  laminations  dovetailed 
into  the  spider  and  clamped  between  heavy  end  plates 
with  fingers  for  supporting  the  teeth.  These  end-plates 
also  form  a  support  for  the  projecting  coil  ends.  A 
special  feature  found  in  Westinghouse  rotor  slot  and 
coil  construction,  is  the  use  of  form-wound  coils  simi- 
lar to  those  used  in  straight  open-slot  construction, 
without  sacrificing  the  superior  performance  character- 
istics inherent  in  the  partially-closed  type  of  slot.  Fig. 
4  shows  a  typical  rotor  coil  consisting  of  two  copper 
straps  side  by  side,  each  strap  being  formed  to  exact 


FIG.    5 — SECTION    THROUGH    ROTOR    COILS    AND    SLOTS 

The  opening  at  top  of  slot  is  of  sufficient  size  to  allow 
dropping  in  one  fully  insulated  coil  section  at  a  time. 

shape  and  completely  insulated  before  assembly.  Fig.  5 
shows  a  section  through  coils  and  slot,  there  being  usual- 
ly two  coils  per  slot.  The  opening  at  the  top  of  the  slot 
is  sufficient   to   allow  one   fully   insulated   strap   to  be 


FIG     6— KDIOR    FOR   6000    IIP,   86   E.P.JI.    MOTOR 

used  for  stator  coils,  but  is  insignificant  in  the  case  of 
rotor  coils  due  to  the  low  secondary  frequency.  For 
coils  composed  of  a  relatively  large  number  of  strands 
the  straight  open-type  slot  is  the  best  construction  for 
this  application.  The  rotor  insulation  itself  is  of  the 
same  general  character  as  described  for  the  stator.  The 
slots  are  lined  with  a  fish  paper  cell  which  is  not  de- 
pended upon  as  insulation  but  simply  serves  to  protect 
the  coil  from  injury  by  the  iron  core  during  the  process 
of  assembly.  After  all  the  coils  have  been  assembled 
and  the  top  wedges  driven  in,  the  winding  is  connected 
and  the  banding  applied,  a  view  of  a  finished  rotor  be- 
ing shown  in  Fig.  6. 

VENTILATION 

These  machines  often  have  relatively  wide  cores 
and  their  proper  ventilation  is  one  of  the  important 
problems  that  confront  the  designer.  The  cores  are 
provided  with  radial  air  ducts  placed  at  frequent  in- 
tervals through  which  the  cooling  air  is  forced  by  the 
centrifugal  action  of  the  rotor.     These  air  ducts  have 
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to  be  made  liberal  in  size  so  as  not  to  become 
with  mill  dust  and  to  facilitate  blowing  out  when  clean- 
ing the  motor.  In  addition,  the  rotor  carries  a  fan  on 
each  side  and  the  end  bells  bolted  to  the  sides  of  the 
frame  are  shaped  to  guide  the  air  supplied  by  these  fans 


KIG.    7 — LARGE    PEDESTAL    BEARING    EQUIPPED    WITH    END 
THRUST    BEARING 

around  the  coil  ends  to  the  back  of  the  stator  core  where 
exhaust  openings  are  provided  in  the  frame.  The  en- 
tire system  of  ventilation  is  designed  so  as  to  bring  the 
cooling  air  in  direct  contact  with  all  parts  of  the  ma- 
chine where  the  heat  is  generated,  thereby  preventing 
"hot  spots." 

PEDESTAL  BEARINGS  AND  SHAFT 

The  shocks  and  vibrations  from  the  mill  are  trans- 
mitted to  the  pedestal  bearings  which  must  be  made 
very  strong  and  rigid.  This  is  accomplished  by  using 
low  bearing  centers  and  by  rugged  pedestal  design.  It 
is  generally  practicable  to  make  the  pedestals  rugged 
enough  by  the  use  of  cast  iron,  but  cast  steel  may  be 
necessary  in  extreme  cases  where  heavy  end  thrusts 
have  to  be  taken  up.     The  bearings  are  babbitt  lined 


tion  of  the  journal  and  the  bottom  half  rolled  out  with- 
out more  than  relieving  the  bearing  of  the  shaft  weight. 
The  bearings  are  made  dust  proof  by  means  of  felt 
packing  at  the  oil  hole  covers  and  around  the  shaft. 

Where  an  end  thrust  bearing  is  required,  the  sta- 
tionary half  is  mounted  on  the  end  of  the  pedestal  hous- 
ing. This  half  is  faced  with  babbitt  and  is  provided 
with  shims  or  liners  for  adjusting  the  end  play.  The 
revolving  half  of  the  thrust  bearing  is  made  up  of  the 
coupling  hub,  enlarged  at  the  end  which  is  finished  to 
a  true  bearing  surface  after  the  coupling  is  pressed  on 
the  shaft.     A  wool  waste  oil  feed  is  used  mostly  and  the 
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entire  thrust  bearing  is  enclosed  in  a  dust  proof  casingf^ 
bolted  to  the  pedestal  housing.  The  shaft  is  made  of 
forged  steel  and  is  provided  with  suitable  oil  throwers 
to  prevent  oil  from  creeping  out  of  the  bear- 
ing housings. 

BED  PLATE 

The  bed  plate  which  carries  the  stator 
and  the  pedestals  is  made  of  cast  iron  of  heavy 
box  type  pattern.  The  machined  surfaces  un- 
der the  frame  feet  are  extended  to  one  side 
and  are  provided  with  barring  holes  so  the 
stator  may  be  slid  parallel  to  the  shaft,  there- 
by giving  free  access  to  both  stator  and  rotor 
winding. 


FIG.   8— SIDE  AND  END  ELEVATIONS  OF  70O0    HP,    82    R.P.M.    MOTOR   FOR    DRIVING 
l60   INCH    PLATE   MILL  AT  GARY,   INDIANA 

This  motor  has  a  break-down  torque  equivalent  to  30800  synchronous 
hp  and  is  the  largest  power  induction  motor  in  the  world. 


and  are  designed  to  operate  continuously  with  oil  ring 
lubrication  only.  They  are  also  piped  for  forced  oil 
feed  as  an  emergency  feature.  The  bearings  are  split 
through  the  horizontal  diameter  and  are  so  designed 
that  the  top  half  can  be  readily  removed  for  examina- 


THE  LARGEST  INDUCTION  MOTOR  IN  THE  WORLD- 

While  in  general  the  rolling  of  steel  re- 
cjuires  high  power  machinery,  it  is  of  interest 
to  note  that  the  7000  horse-power  induction  motor 
which  was  put  in  operation  some  time  ago  at  the  Gary 
plant  of  the  United  States  Steel  Corporation  constitutes 
a  new  record  in  size  of  unit.  The  motor  is  directly  con- 
nected to  a  160  inch,  three  high  plate  mill  and  is  rated 
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7000  horse-power,  3  phase,  25  cycle,  6600  volts,  82 
r.p.m.  at  a  temperature  rise  of  40  degrees  C.  It  also 
has  a  continuous  rating  of  8750  horse-power  at  50  de- 
grees C.  rise.  The  maximum  running  torque  was  re- 
quired to  be  not  less  than  28000  synchronous  horse- 
power and  tests  showed  the  same  to  be  30  800  synchron- 
ous horse-power,  equal  to  a  torque  of  i  940  000  lbs.  at 
one  foot  radius,  thus  making  it  by  far  the  highest  power 
induction  motor  that  has  ever  been  built.  In  the  case 
of  this  motor  it  was  decided  to  incorporate  in  the  rotor 
the  total  flywheel  effect  required,  WR"  =  16000000. 
This  was  accomplished  by  making  the  rotor  construc- 
tion extra  strong  and  heavy  and  by  using  circular  rim 
weights  made  of  cast  steel,  one  fitted  to  each  side  of 
the  spider.  The  total  net  weight  of  the  motor  is  598000 
pounds. 

From  the  performance  curve  Fig.  9,  it  will  be  noted 
that  the  efficiency  is  maintained  at  a  very  high  value, 
in  fact  well  above  95  percent  over  a  wide  range  of  load. 
The  relatively  low  power-factor  is  explained  by  the  un- 
usual   breakdown    torque    required,    necessitating   high 


flux  values  and  magnetizing  currents.  An  idea  of  the 
power  of  this  motor  may  be  had  from  the  fact  that  once, 
when  the  mill  became  clogged,  a  hardened  steel  roll  44 
inches  in  diameter  was  broken  without  the  motor  show- 
ing any  sign  of  distress  or  even  slowing  down  in  speed. 
There  is  no  particular  reason  for  expecting  that 
this  large  motor  will  continue  to  stand  as  a  record  very 
long  in  the  future.  The  enormous  volume  of  steel  pro- 
duction during  the  war  emergency  was  maintained 
chiefly  by  machinery  already  at  hand  or  by  such  new 
machinery  as  could  be  obtained  quickly,  as  there  was  no 
time  to  make  designs  or  patterns  for  brand  new  equip- 
ment even  if  by  so  doing  an  economical  gain  could 
have  been  made.  However,  in  times  to  come  many 
plants  will  no  doubt  have  to  be  re-modeled  and  electri- 
fied in  order  to  meet  keener  world  competition  in  the 
steel  industry.  If  the  solution  of  this  problem  should 
be  found  in  the  employment  of  still  larger  mill  units, 
the  limitation  lies  not  with  the  driving  motor,  for  with 
reasonable  speeds  there  is  no  limit  in  sight  of  the  ca- 
pacity of  motors  that  can  be  built  for  this  application. 
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RECTANGULAR  or  strap  conductors  are  often 
used  to  carry  heavy  alternating-currents  in  bus- 
bars on  switchboards,  in  the  supply  circuits  of 
electric  furnaces  and  elsewhere.  The  reactance  drop 
in  such  circuits  is  most  conveniently  determined  from 
a  set  of  curves,  since  the  formulas  which  would  be 
required  for  calculating  the  result  are  rather  long  and 
complicated.     Such  a  set  of  curves  is  given  in  Fig.  i. 

Very  little  explanation  is  required  for  using  these 
curves.  The  curves  apply  to  a  single-phase  circuit  of 
solid  strap  conductors  but,  as  shown  in  the  examples 
which  follow,  the  curves  may  be  used  conveniently  for 
three-phase  circuits  and  for  ventilated  conductors,  by 
making  use  of  the  fact  that  the  reactance  as  plotted  is 
proportional  to  the  difference  between  the  self-induct- 
ance and  the  mutual  inductance  of  two  straps.  It  is 
assumed  that  the  rectangular  conductors  in  a  circuit  are 
of  the  same  size  and  are  placed  symmetrically  opposite 
each  other,  as  is  nearly  always  the  case  in  practice. 
Values  of  reactance  are  given  both  for  straps  in  parallel 
planes,  (a  less  than  b)  and  for  straps  lying  edgewise 
to  each  other  (b  less  than  a).  The  reactance  values 
are  plotted  in  microhms  at  60  cycles,  and  the  values  at 
25  cycles  or  any  other  frequency  can  be  obtained  by 
modifying  the  plotted  values  in  proportion  to  the  fre- 
quency. 

Example  I — Find  the  voltage  drop  due  to  reactance  in  a 
single-phase,  60  cycle,  2000  ampere  electric  furnace  circuit  made 
up  of  two  copper  straps  each  50  feet  long,  size  0.5  by  4  inches, 
in  parallel  planes,  the  distance  between  centers  of  straps  being 


Example  II— Find  the  reactive  drop  in  a  three-phase,  60 
cycle,  750  ampere  per  phase  circuit  made  up  of  three  copper 
straps  each  100  feet  long,  size  0.25  by  3  inches,  in  parallel  planes, 
the  distance  between  centers  of  straps  being  1.5  inches. 

Let  the  three  straps  side  by  side  be  called  A,  B  and  C. 
Let  /a  =  750  (Viipi-ns 

/b  =  -J  75  +JJ/S  r  3_a"ipcies 
and   /,•  =  -  375  -  /  375V 3~'^>"pe>'" 

The  reactive  drop  in  A  per  foot  is, — 

i-  TT  X  60  [/,\  Lx  +  /b  Msb  +  /.  .Vac] 

Where  La  is  the  self-inductance  of  A  per  foot,  and  Mab 
is  the  mutual  inductance  of  A  and  B  per  foot,  etc. 

Since,  U  =  —(la  +  /o)    the  reactive  drop  in  A  per  foot 
=  ^  T  X  60  [/b  (iJ/AB  -  i-A)  +  /c  (A/ac  -  La)] 

=    —   /b  X.KB   —  Lc  ^AC 

Where  Xab  is  the  reactance  per  foot  of  conductor  of  the 
single-phase  circuit  composed  of  A  and  B.  This  can  be  ob- 
tained from  the  curves  of  Fig.  i. 

Thus,  Xab  ==  21.5  microhms  per  foot  of  strap,  since 

—r-  = and  [— r  =  ~r~,T  =  o../6^ 

b         12  a  +0         3.23 

also,  Xao  =  340  microhms  per  foot  of  strap,  since 


-  and  ■ 


=  0.924 


one  inch. 


-r-  =  -^  aud- 


b    -    S   """   a  +  b-  4.3-  "- 
Reactance,  from  curves  ^  ii.o  microhms  per  foot  of  strap. 
Reactive  drop  =  n.o  X  /o-8  X  50  X  ^  X  2000  =  2.2  volts. 


b      ~     /2   "'"'<!    +   b~ 

The  total  reactive  drop  in  conductor  A 

=  075  -J  375  VT )  ^-^-5  X  /0-6  X  wo 

+  (575  +J375  VS    )  jV-o  X  /0-6  X  /on  volts 

=  2.0S  ■\-  j  o.Si  volts  =  2.2^  volts.,  numerical  value. 

The  reactive  drop  in  B 

=  —  /c  A'bc  —  I\  Aab 
=  {375  +J375  y3     )  -'/.5  X  /0-6  X  foo 
—  730  X  2/  .3  X  /0-6  X  /oo  volts 
=  —  o.Sf  -\-  j  1.40  volts  =  1 .62  volts,  numerical  value 

The  reactive  drop  in  conductor  C  has  the  same  numerical 
value,  2.23  volts,  as  the  reactive  drop  in  A. 

A  circuit  of  this  kind  is  usually  not  transposed,  and  the 
unbalance  in  voltage  drop  will  cause  an  unbalance  in  current 
and  phase.  The  average  reactive  drop  in  each  strap  is  2.03 
volts,  which  should  be  expressed  as  a  percentage  of  the  star 
voltage. 
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Example  III — Find  the  reactive  drop  in  a  single-phase,  60 
cycle,  900  ampere,  ventilated  bus-bar  circuit,  each  bus-bar  con- 
sisting of  two  straps  at  0.5  inch  centers,  size  0.125  by  3  inches 
and  70  feet  long.  The  distance  between  centers  of  bus-bars 
is  2.5  inches.  Fig.  2. 

Neglecting  circulating  currents,  each  strap  will  carry  450 
amperes.    The  drop  in  conductor  A  per  foot  is, — 

2  IT  X  60  {La  +  MxB  -  Mac  -  Mxv)  X  45° 
=  ^  ir  X  (5o  {Lx  -  Mac  +  La  -  Mad  -  La  +  Mab)  X  ^jo 

=  4S()  (A'ac  -f  A'.u)  -  A'ab) 
=  750  (j/.5  -|- JJ.o  —  9.0)  X  /0-6  volts  per  /ool,fro»i  Fig.  / 
The  reactive  drop  in  A  is, — 

■/5"  X  57.3  X  /<'-«    X  7<'  =  r.S/  I'olls. 
In  a  similar  way  the  drop  in  B  is  found  to  be, — 
450  {X-ac  +  A'kd  -  A'ab)  X  70 
=  75"  {^7-5  +  3'-5  —  9-°)  X  /0-6  X  70  =  /.j7  volls 
The   difference  in  the  voltage  drop  of  ./I   and  B  will  be 
equalized  by  an  unbalance  of  current,  which  is  equivalent  to 
a  circulating  current.     The  average  reactive  drop  in  the  com- 
plete bus-bar  is  1.69  volts.     The  drop  in  the  single-phase  circuit 
comprising  both  bus-bars  is  3.38  volts. 


RE.\CT.\NCE  OF   STK.M'   CONDUCTORS   AT   6o  CYCLES 


For  an  approximate  calculation,  each  bus-bar  may  be 
treated  as  a  solid  strap  of  the  same  outside  dimensions  as  the 
ventilated  bus-bars,  namely,  0.625  by  3  inches. 


Then, 


?/  and- 


2.5 


=  0.69 


b    ~  "■-'  """a  -f  /) 
From  Fig.   I,  the  reactive  drop  in  the  single-phase  circuit 
is, — 

.>S  X  /0-6  X  900  X  70X  2  =  j.,v  vol/s. 

In  a  manner  similar  to  the  above  example  and  example  II, 

the   reactive   drop  in   a   three-phase  ventilated  bus-bar  circuit 
can  be  determined. 

The  following   formulas   are   given    for   reference. 

Approximate   formulas  for  widely-spaced  straps, — 

i.-.'lo,k{^^+3 (/)* 

abhenrys  per  centimeter  of  strap,  where  logh  denotes 
the  hyperbolic  or  natural  logarithm.     This  becomes, — 

♦Derived  from  equation  No.  108,  Bulletin  of  the  Bureau  of 
Standards,  Washington,  D.  C,  Vol.  8.  No.  i. 


-V  =  5^-9  ^ogi„  (^^7-3)  +  ->Vo (^)t 

microhms  per  foot  of  strap  at  60  cycles. 

The  above  formulas  give  very  accurate  results  for 
larger  spacings  than  those  indicated  in  Fig.  i,  but  the 
results  are  inaccurate  with  close  spacings.  (See  the 
dotted  line  of  Fig.  i). 

Formula  for  thin  straps  very  close  together, — 

^  =i(-  — +f  )=-^(--f) (^>** 

abhenrys  per  centimeter  of  strap,  where  a  is  less  than 
b.  This  is  a  straight  line  formula,  and  if  the  corre- 
sponding reactance  values  are  plotted  on  Fig.  i,  they  are 
found  to  lie  on  straight  lines  parallel  to  the  curves  at 
their  lowest  points.  For  this  case  the  magnitude  of 
the  skin  effect  can  be  calculated. 

Formula    for    two    equal    rectangular    conductors, 

placed  as  in  Fig.  i. 

A'.. 
L  =  .'  /og/i  jf- 

abhenrys  per  centimeter  of  strap,  where 

/  /    a'-  /a-+b-\       I     h- 

logh  Rv  =  —  logh  (a^  +  b-)  -—  -^log/i  (^  ^^ j  -  77  ^ 

(a^  +b-\         2     a  b         2     b  «■?■),,  j_i 


FIG.    2 — VENTILATED    BUS-BAR    CIRCUIT 


and  where  a-  b-  logh  R^ 


f[ 


ii+^\ 


/   r  I  (s  -a)n        b<  1 


]  6 

logh  -j  (s  -  a)  2  -f  6=1  -  ^  y  {  A^  -  -il 

+  ^(s  +  o)*/ogh  {s  +  o)+     _ 

s*  logh  s  +  —  ■[/>  (s  +  ay  -  b'  (s  +  a)  \i,in-l  [r+-7,)  +  7 


V 
b-'  - 

{s- ay  logh  {s-a)  -  4" 


Equation  (6)  may  be  derived  from  the  formula  in 
the  Bulletin  of  the  Bureau  of  Standards,  Vol.  '3,  No.  I, 
p.  6.  Formulas  (i)  to  (6)  all  assume  uniform  current 
distribution  over  the  section  of  the  conductors,  skin  ef- 
fect being  neglected. 


f'The  Reactance  of  Strap  Conductors",  by  H.  B.  Dwight, 
The  Electrical  /?ci';t'if,page  logS,  June  30,  1917. 

**"Skin  Effect  of  a  Return  Circuit  of  Two  Adjacent  Strap 
Conductors",  by  H.  B.  Dwight,  The  Electric  Journal,  p.  157, 
April,  1916. 

'if Bulletin  of  the  Bureau  of  Standards,  Vol.  8,  No.  i,  p. 
167,  eq.  124,  and  Clerk  Maxwell,  Electricity  and  Magnetism, 
Vol.  II,  para.  692. 
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E.  W. 

F'  AN  motors  were  wound  as  commutator  type  series 
I  motors  in  the  earliest  stage  of  their  development. 
It  was  found  that  motors  wound  for  use  on  a  di- 
rect-current circuit  could  be  used  on  single-phase  alter- 
nating-current circuits,  but  required  a  much  highei 
voltage  with  severe  sparking  occuring  at  the  brushes. 
To  make  a  series  motor  operate  on  alternating-current 
the  reactance  of  the  field  was  decreased  by  decreasing 
the  number  of  turns  in  the  field  coils,  and  to  get  a  good 
torque  with  a  minimum  amount  of  current,  many  arma- 
ture conductors  had  to  be  used. 

Fig.  I  shows  the  diagram  of  a  series  motor  with  the 
armature  connected  between  the  two  field  coils.  All 
commutator-type  motors  for  small  fans  are  two  pole 
for  simplicity  and  low  cost.  The  first  fan  motors  were 
series  motors  with  one  coil  to  energize  the  field  and  a 
few  manufacturers  still  make  this  type.  For  this  motor 
one  of  the  field  coils  in  Fig.  i  would  be  omitted. 

Speed  control  on  the  original  series  motors  was  ob- 
tained by  shifting  the  brushes  from  the  neutral  position. 


Denman 

of  the  flux  in  the  pole,  or  otherwise  cause  a  rotating  ef- 
fect of  the  flux  to  give  a  starting  torque,  the  trailing 
edge  of  the  pole  was  shaded;  that  is  a  band  of  copper 
was  placed  around  a  portion  of  the  pole  which  retarded 
the  flow  of  the  flux  in  this  section,  while  the  flux  in  the 
remaining  portion  of  the  pole  was  in  phase  with  the 
current  in  the  field  coils. 

The  rotors  used  in  induction  motors  for  fans  have 
always  been  of  the  squirrel-cage  type ;  that  is  if  the  iron 
were  removed  the  copper  winding  would  be  in  the  form 
of  a  squirrel  cage.  As  compared  to  rotors  of  power 
motors,  fan  motor  rotors  have  relatively  high  resistance 
to  give  a  reduction  in  speed  of  the  fan  when  the  fiux 
density  in  the  field  poles  is  decreased.  Speed  change 
on  induction  fan  motors  is  obtained  by  reducing  the 
voltage  impressed  upon  the  field  winding,  which  de- 
creases the  current  and  this  decreases  the  flux  density 
which  allows  a  greater  slip  of  the  rotor. 

To  operate  at  1600  r.p.m.  on  60  cycles,  an  induc- 
tion motor  field  should  have  four  poles.     On  this  and 
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FIG.    I — SCHEM.VTIC    DIAGR.^M    OF    SERIES    MOTOR    CONNECTIONS 

Later  designs  use  resistance  in  series  with  the  motor 
winding  to  lower  the  voltage  impressed  on  the  motor, 
and  this  lowers  the  speed.  Taps  at  different  points  on 
tlie  resistance  were  taken  off  to  give  the  desired  speed 
of  the  fan.  This  method  of  control  is  shown  in  Fig.  i, 
the  resistance  being  on  the  controller.  The  first  motors 
were  provided  with  a  ring  wound  armature  and  a 
punched  laminated  field.  The  laminated  field  was  nec- 
essary as  at  that  time  practically  all  alternating-current 
circuits  operated  at  133  cycles,  and  the  high  iron  loss 
in  a  solid  pole  due  to  the  high  frequency  was  not  per- 
missable  on  account  of  the  high  temperature  rise. 

The  next  step  in  fan  motor  development  was  an 
induction  motor.  To  operate  the  fan  near  the  desir- 
able speed  of  1600  r.p.m.  on  133  cycles,  it  was  neces- 
sary to  have  ten  poles  in  the  field.  The  poles  were  con- 
centrated and  a  coil  placed  on  alternate  poles  connected 
in  series,  all  of  the  same  polarity.  This  winding  was 
called  a  consequent  pole  winding.  The  poles  without 
coils  formed  a  return  path  for  the  magnetic  flux  from 
the  energized  poles.     To  obtain  a  phase  displacement 
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FIG.    2 — INDUCTION    MOTOR   WITH    SHADING   COIL   STARTING   WINDING 

lower  frequencies  solid  poles  cast  in  the  main  frame 
have  been  used,  although  this  produced  an  excessive 
loss.  To  decrease  the  input  and  improve  the  charac- 
teristics a  laminated  field  built  up  from  punchings  was 
developed.  The  same  method  as  with  the  133  cycle 
motors  was  used  for  starting  in  the  earlier  types  of 
motors  and  is  still  used  on  some  of  the  smaller  and 
lower  priced  motors.  Speed  change  on  these  motors 
was  obtained  by  inserting  in  series  with  the  motor  field 
coils  either  resistance  or  a  choke  coil  to  lower  the  volt- 
age on  the  main  field.  A  diagram  of  a  winding  of  this 
type  is  shown  in  Fig.  2. 

With  the  development  of  the  laminated  field  built 
up  from  sheet  steel  punchings  with  several  slots  per 
pole  it  was  found  that  the  winding  could  be  distributed 
across  the  face  of  the  pole  and  with  the  proper  distribu- 
tion the  flux  density  was  the  greatest  in  the  center  teeth 
of  the  pole,  decreasing  in  the  outside  teeth  to  make  a 
quieter  running  motor.  Fig.  3  shows  a  view  of  a  dis- 
tributed pole  punching  for  an  induction  motor  which 
has  24  slots.  An  advantage  of  this  punching,  is  that  it 
can  be  wound  for  either  two  poles  for  25  cycles  or  four 
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poles  for  60  cycles,  where  a  four  blade  fan  with  a  speed 
of  1400  to  1600  r.p.m.  is  to  be  used;  and  wound  four 
pole  on  40  cycles,  and  six  pole  on  60  cycles,  where  a 
six  blade  fan  with  a  speed  of  1050  r.p.m.  is  used.  This 
flexibility  of  winding  on  one  punching  is  good  from  the 


FIG.    3 — INDUCTION    MOTOR    FIELD    PUNCHING 

For  distributed  winding, 
manufacturing  standpoint  as  it  minimizes  the  number 
of  dies  and  stock  parts. 

With  the  development  of  the  distributed  main  field 
winding,  it  was  found  desirable  to  use  a  starting  wind- 
ing which  was  energized  from  the  line.  There  are  two 
types  of  this  starting  winding;  one  which  remains  in 
the  circuit  all  the  time  in  parallel  with  the  main  wind- 
ing, as  shown  in  Figs.  4  and  5 ;  the  other  which  has  a 
cutout  switch  operated  by  the  centrifugal  force  of 
weights  on  fingers  attached  to  the  rotor.  As  the  rotor 
comes  up  to  a  predetermined  speed  this  operation  takes 
place.  Diagrams  of  these  windings  are  shown  in  Figs. 
6  and  7. 

With  starting  windings  that  remain  in  tlie  circuit, 
the  starting  torque  is  that  required  to  start  the  rotor 
from  its  static  friction.  For  this  reason  as  small  amount 
of  power  as  possible  is  put  into  the  starting  winding  as 
it  is  in  the  circuit  all  the  time  when  the  fan  is  running. 
The  total  watts  of  the  motor  with  this  type  of  winding 
are  higher  than  with  a  motor  whose  starting  winding 
has  a  cutout  switch.  The  starting  winding  with  the 
cutout  switch  is  usually  wound  to  take  more  watts  on 
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FIG.   4— SPI.IT-PHASF,   WINDING    WITH    HIGH    RESISTANCE 
STARTING   WINDING 

Starting  than  the  other  type,  but  when  the  rotor  is  up 
to  speed  this  winding  is  open  circuited  and  a  saving  re- 
sults. 

In  the  first  type  of  starting  winding  as  shown  in 
Fig.  4,  there  are  two  separate  windings  in  the  motor 


field.  The  heavier  or  outside  winding  shown  in  the 
diagram  is  the  main  field,  and  is  wound  distributed  in 
the  slots  of  the  poles,  and  produces  the  main  field  flux. 
The  lighter  or  inside  winding  is  distributed,  with  the 
center  of  the  pole  of  this  winding  placed  approximately 
one-third  the  pole  spacing  from  the  center  of  the  pole 
of  the  main  winding  over  lapping  the  next  pole  of  the 
main  winding.  The  total  turns  of  the  main  field  wind- 
ing are  greater  than  the  total  turns  of  the  starting  wind- 
ing, therefore,  the  reactance  is  higher.  The  resistance 
of  the  starting  winding  is  very  high  in  comparison 
to  the  resistance  of  the  main  winding.  The 
two  windings  .are  connected  in  parallel.  The 
current  in  the  starting  winding  is  very  close 
to  being  in  phase  with  the  voltage,  while  the  cur- 
rent in  the  main  winding  lags  due  to  its  reactance. 
Since  the  flux  of  a  pole  is  in  phase  with  the  current,  the 
flux  of  the  starting  winding  leads  the  flux  of  the  main 
field  winding  and  produces  a  rotating  field,  which  gives 
a  starting  torque.  The  power  input  to  this  winding  is 
not  an  entire  loss  as  there  is  some  torque  from  it  at  run- 
ning speeds. 

For  controlling  the  speed  of  a  fan  with  this  type  of 
winding,  either  a  choke  coil  or  resistance  can  be  used. 


FIG.    5 — SPLIT-PHASE    WINDING    WITH    REACTANCE    AND    RESISTANCE 

By  placing  either  one  of  these  in  series  with  the  motor 
winding  the  effective  voltage  on  the  motor  is  decreased 
and  the  current  in  the  windings  lowered.  With  the 
drop  in  current  the  flux  in  the  field  decreases  and  the 
speed  changes.  Resistance  is  usually  used  for  manu- 
facturing reasons  and  gives  good  performance.  Most 
fans  use  two  steps  of  resistance,  making  three  speeds 
for  the  fan. 

The  fan  whose  diagram  is  shown  in  Fig.  5  has 
three  windings  in  the  motor  field.  These  windings  are 
connected  at  a  common  point  in  the  motor.  They  are 
usually  placed  one-third  the  pole  spacing  between  cen- 
ters of  the  poles  of  each  winding.  As  shown,  A  is  con- 
nected to  one  line,  B  is  connected  to  the  other  line 
through  a  choke  coil  or  reactance,  and  C  is  connected 
to  the  same  line  as  B  except  through  a  resistance.  This 
reactance  and  resistance  is  proportioned  so  that  the  cur- 
rent flowing  through  the  winding  A  divides  between  B 
and  C  in  such  a  manner  that  the  field  flux  has  the  ro- 
tating characteristic  of  a  polyphase  motor,  thus  giving  a 
starting  torque.  In  some  motors  the  added  resistance 
in  winding  C  is  placed  in  the  motor  winding  by  using  a 
smaller  size  wire  or  a  high  resistance  coil.  Since  the 
current  in  the  high  resistance  circuit  leads  the  current  in 
the  reactance  circuit  and  the  combined  current  passes 


THE  ELECTRIC  JOURNAL 


259 


through  A,  the  flux  of  the  winding  C  leads  the  flux  of 
winding  A  and  the  flux  in  winding  A  leads  that  in  wind- 
ing B,  thus  the  direction  of  rotor  travel  is  from  C  to  A. 
Speed  regulation  with  a  winding  of  this  type  is 
usually  obtained  by  having  more  turns  in  the  choke  coil, 
which  is  in  series  with  winding  B,  than  are  needed  for 
the  reactance  necessary  for  tlie  performance  at  high 
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FIG.   6 — SPI.IT-rHASE    MOTOR    WITH    CUT    OUT    SWITCH     IN    THE 
STARTING    WINDING 

speed.  Taps  in  these  added  turns  are  arranged  so  that 
they  can  be  placed  in  series  with  the  total  winding  of 
die  motor  including  the  resistance  and  reactance.  This 
lowers  the  voltage  on  the  motor  and  the  effect  is  a  de- 
crease in  speed  of  the  fan. 

The  simplest  winding  with  a  cutout  switch  in  the 
starting  winding  is  shown  in  Fig.  6.  The  main  wind- 
ing is  of  heavy  wire  wound  distributed  and  when  the 
fan  is  running  at  its  running  speed  this  winding  carries 
the  load.  The  center  of  the  starting  winding  pole  is 
placed  between  the  poles  of  the  main  winding  and  over- 
lapping half  of  a  pole  on  each  side.  The  starting  wind- 
ing can  be  wound  either  distributed  or  concentrated  as 
it  makes  but  little  difference  in  its  performance,  it  being 
open  circuited  when  the  motor  is  running. 

To  decrease  the  speed  of  the  fan  with  a  motor 
wound  with  the  above  windings  a  choke  coil  is  used. 
The  starting  current  when  the  motor  is  connected  to 
the  line  is  several  times  higher  than  the  running  cur- 
rent, and  if  resistance  were  used  for  speed  control  the 
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FIG.    7 — SPLIT-PH.ASE     MOTOR    WITH    A     SPEED    CHANGING    WINDING 
ADDED  TO  THE   MAIN   WINDING 

drop  over  this  would  be  so  great  that  the  motor  could 
not  pull  the  fan  up  to  the  cutout  speed  of  the  starting 
switch.  The  choke  coil  is  operated  at  a  point  where  the 
iron  is  saturated  and  the  increase  of  current  at  starting 
increases  the  voltage  drop  on  the  choke  coils  only  a 
little  above  that  at  running  conditions.     This  allows  the 


motor  to  pull  the  fan  up  beyond  the  cutout  speed  of  the 
starting  switch.  Here  the  torque  of  the  main  winding 
is  less  than  when  the  full  voltage  is  on  the  motor  wind- 
ing and  the  fan  runs  at  the  lower  speed. 

Fig.  7  shows  a  desk  fan  winding  diagram  similar 
to  that  shown  in  Fig.  6  except  that  for  speed  change 
the  motor  winding  has  taps  in  the  main  coils.  The  high 
speed  point  is  where  there  are  the  fewest  turns  in  the 
field.  Here  the  field  flux  is  greatest  and  the  torque 
and  speed  high.  To  lower  the  speed  more  turns  are 
connected  in  the  main  winding.  This  decreases  the  flux 
and  causes  a  decrease  in  speed,  the  change  in  connec- 
tion being  made  by  the  contact  lever  in  the  base.  The 
starting  winding  operates  the  same  as  that  in  Fig.  6. 
The  advantage  of  this  winding  is  in  the  reduction  of 
the  input  to  the  motor  on  low  speeds,  there  being  no- 
choke  coil  loss.  Also  a  greater  speed  reduction  can  be 
obtained. 

The  development  of  the  windings  for  ceiling  fans 
has  been  along  the  same  lines  as  the  desk  fan.  The 
speed  of  the  ceiling  fan  is  slow  compared  to  that  of  the 
desk  fan  and  for  alternating-current  motors  they  are 

iChohe  Coil  omitted  on  single  speed  fam. 
\Middle  Tap  omitted  on  two  speed  tans. 

■Main  Coil 


FIG.   S — CEILING    FAN    MOTOR    WITH    INSULATED    SHADING    COIL 
STARTING   WINDING 

wound  with  a  greater  number  of  poles.  The  principal 
winding  used  has  the  shading  coil  start,  it  being  diffi- 
cult to  operate  a  centrifugal  switch  at  such  low  speeds. 
Some  motors  have  copper  band  shading  coils  over  a 
portion  of  the  pole,  similar  to  the  desk  fan  in  Fig.  2. 
Others  use  a  shading  coil  of  heavy  flexible  wire 
threaded  through  the  slots  on  top  of  the  primary  or 
main  winding  with  the  ends  soldered  together  forming- 
a  short-circuited  winding,  as  shown  in  Fig.  7.  The 
starting  winding  is  insulated  before  being  put  in,  so  that 
it  does  not  ground  the  main  winding.  It  produces  the 
same  shading  in  all  the  poles,  making  a  quiet  running- 
motor.  Speed  regulation  is  obtained  by  using  a  choke 
coil  in  series  with  the  main  winding. 

Along  with  the  development  of  the  induction  motor 
for  fans  on  alternating-current  circuits  the  series  motor 
has  had  equal  attention  for  both  alternating  and  direct- 
current,  although  the  changes  have  not  been  so  marked 
in  the  windings.  The  slotted  armature  punching  for 
the  drum  type  armature  makes  a  much  better  rotor  than 
the  ring  type.  Cast-iron  field  frames  with  solid  cast 
poles  were  used  for  direct-current  motors.  To  make  a 
series  type  motor  with  a  frame  that  could  be  used  for 
either  alternating  or  direct  current,  a  laminated  field 
was  developed  in  combination  with  the  armature  punch- 
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ing.  With  this  field  and  armature  built  up  from 
punchings,  the  motor  can  be  used  on  low  frequencies  to 
a  better  advantage  than  an  induction  motor,  due  to  the 
speeds  necessitated  by  a  two-pole  induction  motor. 
The  development  of  windings  for  series  motors,  since 
the  use  of  the  punched  field  and  armature,  has  been  in 
determining  the  proper  field  and  armature  turns  to  use 
on  the  different  frequencies  to  give  the  best  perform- 
ance and  highest  efficiencies. 

The  latest  development  in  induction  fan  motor 
windings  has  been  a  winding  with  a  high  starting 
torque,  high  efficiency  at  running  speeds,  without  a  cut- 
out switch  and  with  a  large  speed  reduction.  A  dia- 
gram of  this  winding  is  shown  in  Fig.  9.  The  motor 
winding  is  the  same  as  shown  in  Fig.  6  except  that  the 
cutout  switch  is  omitted  and  the  lead  from  the  starting 
winding  to  the  cutout  switch  is  brought  out  of  the  mo- 
tor to  the  base,  making  three  leads  from  the  motor  body 
to  the  base.  In  the  base  of  the  motor  is  a  transformer, 
the  primar}'  winding  of  which  is  in  series  with  the  main 
winding  of  the  motor,  the  secondary  being  connected 
across  the  starting  winding.  The  characteristics  of  the 
transformer  are  similar  to  those  of  a  series  transformer 
with  reactance  in  its  secondary  circuit.     When  the  mo- 


FIG.    9 — SPLIT-PHASK    WINDING    WITH    SERIES    TRANSFORMER 

For  shifting  ihe  phase  of  the  starting  winding  and  improv- 
ing the  speed  control. 

tor  with  this  complete  winding  is  thrown  on  tlie  line, 
the  current  through  the  main  winding  passes  through 
the  primary  of  the  transformer  and  the  secondary  volt- 
age induced  is  impressed  on  the  starting  winding  of  the 
motor.  The  lag  of  the  voltage  of  the  secondary  behind 
the  main  current  in  the  primary,  plus  the  lag  caused  due 
to  the  reactance  of  the  starting  winding  causes  a  large 
phase  angle  between  the  currents  in  the  main  and  start- 
ing winding  in  the  motor  fields.  It  has  been  found  by 
test  that  the  angle  between  these  two  currents  on  start- 
ing, with  the  proper  design  of  the  transformer,  ap- 
proaches 90  electrical  degrees.  This  gives  the  effect  of 
?  two-phase  motor  on  starting.  In  running,  the  angle 
changes  slightly  but  always  remains  of  a  value  to  as- 
sist the  main  winding. 

To  lower  the  speed  of  the  fan  more  turns  are 
placed  in  the  primary  of  the  transformer.  This  has  the 
€ffect  of  adding  reactance  in  series  with  the  motor  main 
winding  to  reduce  the  flux  density  in  the  motor  field. 
Also  since  the  iron  in  the  transformer  is  worked  at 
a  high  density,  the  added  turns  in  its  primary  with  the 
■decrease  of  primary  current  have  the  effect  of  keeping 
the  secondary  voltage  of  the  transformer  approximately 
constant.     This  makes  possible  a  high  starting  torque 


at  low  speed  and  consequently  a  much  greater  speed 
change  than  could  otherwise  be  obtained. 

The  curves,  Fig.  10,  show  the  running  and  starting 
characteristics  of  a  motor  wound  with  a  winding  of 
this  type.  Curve  A  is  taken  on  the  main  winding  of  the 
motor  only,  the  starting  winding  being  open  circuited. 
Curve  B  is  taken  on  the  same  motor,  connected  as  in 
Fig.  9,  with  the  main  winding  in  series  with  the  primary 
winding  of  the  transformer  and  in  the  high-speed  posi- 
tion. Curve  C  is  taken  on  the  same  motor  with  more 
turns  in  the  primary  of  the  transformer,  or  middle- 
speed  connection  for  the  fan.  Curve  D  is  taken  on  the 
same  motor  with  maximum  turns  in  the  primary  of  the 
transformer  for  low  speed  of  the  fan.  Curve  E  is  the 
speed-torque  curve  of  a  fan.  Curves  A  and  B  coincide 
from  the  no-load  or  zero  torque  point  to  the  point  of 
pull  out  X.  From  this  point  on  the  lower  side  of  the 
curves,  the  torque  of  curve  A  drops  off  very  rapidly 
with  a  slight  decrease  in  speed  and  at  zero  speed  there 
is  no  torque.  This  is  the  characteristic  of  a  single- 
phase  motor  without  some  starting  or  phase  splitting 
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FIG.    10 — CHARACTERISTICS    OF    WINDING    SHOWN    IN    FIG.    9 

device.  On  curve  B  the  torque  does  not  fall  so  ia^t 
with  a  drop  in  speed  and  at  zero  speed  there  is  a  posi- 
tive amount  of  torque.  This  is  known  as  the  starting 
torque  on  this  motor  with  the  high-speed  connection. 
Curves  C  and  D  are  lower  than  the  curve  B  but  have 
the  same  characteristic  shape.  Curve  E  is  the  torque 
of  the  fan  and  the  points  where  this  curve  crosses  the 
other  curves  will  be  the  speeds  at  which  the  motor  will 
drive  the  fan  with  the  respective  connections  on  the 
transformer. 

The  advantages  of  this  winding  are: — the  large 
amount  of  speed  reduction,  reduction  of  the  watts  input 
with  the  reduction  of  speed,  high-starting  torque  and  a 
quiet  running  motor  on  single  phase.  The  amount  of 
speed  reduction  is  from  25  to  100  percent  more  than 
with  any  other  type  of  fan  motor  winding.  The  re- 
duction of  watts  input  with  the  reduction  of  speed  is 
nearly  proportional.  The  high  starting  torque  on  all 
speeds  eliminates  trouble  from  burnouts  on  low  voltage. 
This  motor  with  its  approximate  polyphase  winding  is 
also  quieter  than  a  straight  single-phase  motor. 


Lnrf^o  Capacity  Circuit  iikonkors 


H.  G.  MacDonald 

Circuit  Breaker  Engineer, 

Westinghoiise  Electric  &  Mfg.  Co. 


THE  erection  and  equipment  of  large,  heavy  ca- 
pacity power  plants  involves  many  and  varied 
problems,  requiring  the  service  of  a  small  army 
of  experts  to  assemble  and  adjust  the  numerous  compli- 
cated units  which  go  to  make  up  the  modern  power  ."ita- 
tion.  The  generating  units  require  the  service  of  both 
mechanical  and  electrical  experts ;  other  of  the  electrical 
devices  require  expert  mechanics  to  put  them  into 
proper  operating  condition.  The  wiring  of  the  switch- 
board and  control  boards  is  usually  so  laid  out  that,  by 
following  a  completely  detailed  diagram,  wiremen  of 
ordinary  skill  can  assemble  this  part  of  the  equipment. 
The  bus  structure  and  circuit  breaker  compart- 
ments are  presumably  of  such  a  nature  that  masons  and 
concrete    workers    can    erect    a    satisfactory    structuie. 


FIG.    I — WESTINGHOUSE     I5  000    VOLT,     160O     AMPERE    TYPE    CO 
CIRCUIT    BREAKER 

Of  23000  arc  amperes  interrupting  capacity. 
Some  of  the  large  modern  circuit  breakers,  however, 
involve  quite  an  elaborate  structure  and  require  that  di- 
mensions be  adhered  to  very  closely  and  also  that  sepa- 
rate mechanical  units  be  quite  accurately  built  into  the 
masonry.  Such  accuracy  is  beyond  the  skill  of  ordi- 
nary masons  and  requires  the  service  of  high  class  me- 
chanics, adding  very  materially  to  the  cost  of  the  in- 
stallation. 

Having  in  mind  the  very  large  saving  to  the  erec- 
tor, both  in  time  and  expense  which  could  be  effected 
by  a  self-contained  design  of  circuit  breaker  which 
should  leave  the  factory  fully  assembled  and  realizing 
also  the  imperative  demand  for  economy  of  space,  a 
circuit  breaker  has  been  developed  which  embodies 
these  two  features  to  an  extent  not  heretofore  realized 
in  any  large  capacity,  high  powered  circuit  breaker. 


This  circuit  breaker,  Fig.  i,  embodies  the  most  up- 
to-date  features  of  design.  The  entire  circuit  breaker 
is  built  on  a  single  heavy  steel  frame,  the  operating  me- 
chanism,— closing  solenoid  toggle  levers,  trip  mechan- 
ism, accelerator  and  magnet  cut-off  device  being  located 
on  the  fore  part  of  the  top  of  the  frame.  The  levers 
come  into  the  circuit  breaker  in  the  rear  of  the  operat- 
ing mechanism,  passing  through  the  base  into  the  oil 
tanks  suspended  beneath.  The  oil  tanks  are  cylindrical 
in  form  with  round  bottoms  and  are  pressed  front  a 
single  piece  without  seams.  Heavy  tie  bolts  and  steel 
cradles  suspend  the  tanks  directly  from  the  steel  frame. 

The  operating  mechanism  is  of  the  simplest  pos- 
sible  form  with   the  number  of  parts  reduced  to  the 


FIG.   2 — THREE    THOUSAND    AMPERE    CIRCUIT    BREAKER 

Of  same  voltage  and  breaking  capacity  rating  as  Fig.  I. 
minimum  consistent  with  a  proper  functioning  of  the 
complete  unit.  A  solenoid  furnishes  power  for  closing 
the  mechanism  through  toggle  levers,  and  links  are  so 
arranged  as  to  give  practically  a  straight  line  vertical 
motion  to  the  cross  arm  carrying  the  three  moving  con- 
tact elements.  A  positive  latch  holds  the  mechanism 
closed.  The  latch  is  released  by  a  trip  solenoid  ^nd 
the  mechanism  drops  to  the  open  position,  a  heavy  ac- 
celerating spring  assisting  gravity  in  imparting  to  the 
moving  element  the  high  speed  of  opening  essential  to 
a  successful  circuit  interrupting  device.  A  dashpot 
placed  in  the  same  cylinder  with  the  accelerating  spring 
decelerates  the  moving  element  and  brings  it  to  rest 
without  undue  shock  at  the  end  of  the  opening  mo'  e- 
ment.     A    dashpot    in    the    closing    solenoid    forms    a 
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cushion  for  the  closing  movement  and  absorbs  the 
shock.  A  magnetic  blowout  cut-off  device  opens  the 
circuit  of  the  closing  solenoid  at  the  instant  the  circuit 
breaker  is  latched  closed.  The  current  of  the  closmg 
solenoid  is  therefore  controlled  entirely  at  the  circuit 
breaker  and  only  a  light  control  circuit  is  run  to  the  op- 
erating board.  The  cut-off  device  also  has  a  lock  out 
feature,  preventing  repeating  should  automatic  trip- 
pmg  occur  immediately  upon  closing  the  circuit  breaker. 
The  rapid  action  of  this  cut-off  device  also  prevents  the 
current  in  the  solenoid  from  reaching  the  value  indi- 
cated by  the  ohmic  resistance  of  the  coil.  The  counter 
e.m.f.  due  to  the  motion  of  the  plunger  opposes  the  How 
of  current  in  the  coil  and  the  cut-off  switch  opens  the 
coil  circuit  before  the  current  builds  up  to  the  maxi- 
mum value  it  would  reach  if  the  circuit  were  not  opened 
so  quickly. 

The  circuit  breaker  leads  are  continuously  insu- 
lated copper  rods  which  come  into  the  circuit  breaker 
in  the  rear  of  the  mechanism  and  are  separated  fiom 
the  mechanism  by  barriers.  The  leads  of  adjacent 
poles  are  also  separated  by  barriers,  isolating  the  h.'ids 
of  each  phase  of  the  circuit  in  individual  compart- 
ments. The  leads  of  each  phase  may  be  arranged  side 
by  side  in  the  same  horizontal  plane  or  may  be  one 
above  the  other  in  a  vertical  plane  as  best  suits  the  in- 
stallation. 

The  contacts  may  be  of  the  butt  brush  form  or  of 
tlie  finger  form  as  best  suited  to  the  conditions.  The 
stationary  members  are  carried  on  the  lower  end  of  the 
terminal  rods.  These  rods  are  insulated  where  t^iey 
pass  through  the  circuit  breaker  frame  by  heavy  porce- 
lain bushings  which  also  suppori  the  rods  and  take  the 
thrust  of  the  moving  member  against  the  stationary  cr n- 
tact  members.  The  contact  surfaces  proper  are  well 
down  in  the  oil,  assuring  ample  head  of  oil  over  the 
contacts  at  all  times.  The  arcing  contacts  are  so  de- 
signed as  to  maintain  contact  until  the  moving  element 
has  attained  a  high  rate  of  acceleration,  thus  affording 
a  quick  break  and  large  main  contact  opening  at  the 
time  of  actual  circuit  interrupting.  They  are  ;dso 
placed  so  as  to  give  the  maximum  di-stance  from  the 
tank  sides  and  free  escape  for  arc  gases.  An  insulat- 
ing lining  is  provided  inside  the  tank  as  a  mechanical 
barrier,  reducing  the  oil  agitation  at  the  contacts  to  a 
minimum. 

Particular  attention  has  been  given  to  mechanical 
stability  of  the  contact  details  with  a  view  of  preventing 


any  distortion  under  the  strains  of  magnetic  force  inci- 
dent to  the  enormous  currents  which  may  flow  during 
the  first  few  cycles  before  Uie  circuit  breaker  opens  on 
short-circuit.  The  ample  design  of  contact  details,  both 
in  contact  area  and  in  cross-section  of  conducting  parts 
and  the  heavy  contact  pressure  insured  by  the  rugged 
operating  mechanism  afford  large  thermal  capacity  and 
reduce  the  tendency  of  the  contacts  to  fuse  under  the 
heavy  currents.  Provision  is  made  for  the  dissipation 
of  the  arc  gases  through  suitably  arranged  vents.  These 
are  designed  to  close  upon  the  occurrence  of  pressure 
within  the  tank  thus  preventing  the  expulsion  of  oil. 
When  the  disturbance  has  subsided,  the  vents  open  and 
a  draft  is  created  through  the  expansion  chamber  which 
removes  the  residue  of  the  arc  gases,  as  well  as  the  or- 
dinary vapor  which  forms  above  a  body  of  oil  exposed 
to  the  atmosphere. 

The  internal  control  wiring  for  solenoids,  cut-off 
devices  and  indicating  devices  is  complete,  and  the  con- 
nections all  indicated  plainly  to  correspond  with  the 
wiring  drawing. 

The  illustrations  give  an  idea  of  the  compactness 
and  economy  of  space  inherent  in  these  circuit  breakers. 
The  expedient  of  bringing  the  terminal  rods  into  the 
circuit  breaker  in  the  same  plane  which  the  mechanism 
occupies,  effects  the  greatest  saving  and  at  no  sacrifice 
in  efficiency.  The  separation  of  the  leads  into  com- 
partments containing  nothing  but  these  insulated  con- 
ductors and  into  which  no  gases  can  vent  is  a  valuable 
asset  from  an  insulation  standpoint,  while  their  com- 
plete isolation  from  the  operating  mechanism  makes  the 
arrangement  ideal  from  a  safety-first  view  point. 

The  simplicity  of  cell  construction  is  shown  by 
Fig.  2.  The  rectangular  compartment  with  the  plain 
bushings  through  the  rear  wall  for  the  terminal  rods  is 
prepared,  and  the  complete  circuit  breaker  as  received 
from  the  factory  is  slipped  into  place  and  the  frame 
bolted  to  the  four  supporting  cleats  set  in  the  masonry. 
Connections  are  made,  an  inspection  made  of  all  parts 
to  see  that  nothing  has  been  damaged  in  transit,  the  oil 
tanks  filled  and  the  circuit  breaker  is  ready  for  service. 

The  features  of  easy  installation,  simple  mechan- 
ism, rugged  construction,  maximum  of  circuit  inier- 
iiipting  capacity  in  minimum  of  space,  and  ideal  safety- 
first  isolation  of  live  high-tension  parts  makes  this  type 
of  unit  well  adapted  to  meet  the  requirements  of  heavy 
circuit  breaker  practice. 
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C.  A.  M.  Weber 


THE  application  of  tlie  small  industrial  motor  to 
tlie  foundry  riddle  is  another  one  of  the  many 
electrically-operated  labor  saving  schemes  which 
have  come  into  the  market  in  recent  years. 

The  foundry  riddle  is  used  not  only  to  sift  but 
also  to  mix  the  sand  in  the  process  of  tempering.  Here- 
tofore this  has  been  done  by  hand  riddles  and  inclined 
screens.  These  v^^ere  not  only  slow  but  more  or  less 
difficult  of  operation  and  required  a  certain  amount  of 
skill  in  order  to  thoroughly  mix  the  sand.  The  first  im- 
provement over  hand  operation  in  sifting  and  mixing 
foundry  sand  was  the  application  of  the  steam  or  gas 
engine  which  was  arranged  to  impart  a  reciprocating 


FIG.    I — A  20  INCH  CIRCULAR  RIDDLE 

Driven  by  a  i-6  hp,  850  r.p.m.  motor. 

motion  to  a  horizontally  mounted  screen  which  was 
kept  full  of  sand  by  one  or  more  workman  shoveling. 
This  eliminated  the  hand  sifting  and  was  considered 
quite  a  success,  but  aside  from  the  disadvantage  of  be- 
ing cumbersome  it  only  sifted  the  sand  and  did  not  mix 
it.  The  disadvantage  of  sifting  without  thoroughly 
mixing  lies  in  the  fact  that  the  sand  must  be  sifted 
oftener  which  entails  additional  expense  for  labor. 
However,  the  steam  or  gas  driven  screen  was  a  labor 
saving  device  as  compared  with  the  hand  methods 
fonnerly  used  and  designers  began  to  develop  power 
operated  foundry  riddles  which  were  less  cumbersome 
and  more  portable  than  the  original  power  driven 
foundry  riddles. 


The  first  step  in  this  direction  was  to  apply  the 
electric  motor,  changing  its  motion  from  rotation  to 
reciprocation  in  order  to  obtain  the  same  effect  as  when 
the  outfit  was  driven  by  line  shafting.  For  a  number  of 
years  the  development  of  the  electrically-driven  foun- 
dry riddle  remained  practically  at  a  standstill  due 
mainly  to  designers  trying  to  utilize  the  reciprocating 
principle,  until  riddles  using  a  circular  motion  were  de- 
veloped. 

In  hand  operation  the  riddle  not  only  sifts  the 
sand  but  thoroughly  mixes  it  as  well.  This  is  due  to 
the  circular  or  gv-ratory  motion  given  to  the  riddle  when 
hand  operated  and  it  is  the  utilization  of  this  gyratory 


FIG.    2 — A    24    INCH    SQUARE    RIDDLE 

Driven  by  a   %  hp,  1725  r.p.m.  motor. 

motion  that  makes  the  riddle  herewith  illustrated  so 
very  successful. 

In  the  main,  the  design  consists  of  building  the 
complete  outfit  including  motor,  riddle,  etc.,  to  be  sus- 
pended from  a  point.  The  motor  is  mounted  near  the 
top  and  imparts  rotary  motion  to  a  vertical  shaft  which 
revolves  an  unbalanced  fiy  wheel  in  a  horizontal  plane. 
At  the  lower  extremity  of  the  outfit  is  mounted  the 
usual  design  of  riddle. 

By  having  the  complete  outfit  suspended  from  a 
point  and  the  lower  extremity  free  to  move,  the  revolv- 
ing unbalanced  flywheel  tends  to  rotate  about  its  center 
of  gravity  and  in  doing  so  moves  the  entire  frame  work 
of  the   outfit   in    circular   motion   about   its    center   of 
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gravity  thereby  imparting  to  the  riddle  the  same  kind  of 
motion  which  is  obtained  in  hand  riddhng.  The  lower 
extremity  of  the  complete  outfit  gyrates  in  the  largest 
circle  and  the  motor  being  mounted  at  the  top  gyrates 
in  a  circle  of  very  small  diameter. 

The  gyratory  riddle  shown  in  Fig.  i  is  driven  by  a 
direct  connected  1/6  horse-power  850  r.p.m.  motor, 
either  alternating  or  direct-current  depending  upon  the 
supply  available.  The  diameter  of  the  riddle  is  20 
inches.  The  riddle  shown  in  Fig.  2  is  larger  but  works 
on  the  same  principle  as  the  smaller  size,  a  24  inch 
square  riddle  being  used.  The  motor  in  this  design  is 
one-third  horse-power  1725  r.p.m.  and  is  connected  to 
the  unbalanced  fly  wheel  shaft  through  a  worm  and 
worm  wheel  with  a  7  to  i  reduction. 

The  size  and  speed  of  the  unbalanced  flywheel 
have  been  so  proportioned  as  to  cause  the  riddle  in 
Fig.  I  to  gyrate  approximately  three-fourths  of  an  inch 
and  the  riddle  in  Fig.  2  approximately  two  inches. 


Since  the  gyratory  riddle  is  suspended  from  a 
point  it  is  extremely  portable.  All  that  is  necessary  is- 
to  place  suitable  hooks  at  desired  points  or  stretch  a 
cable  and  the  riddle  can  be  moved  from  place  to  place. 
There  are  no  legs  to  get  into  the  way  of  shovels  or 
wheelbarrows  and  the  riddle  may  be  used  equally  as- 
well  over  a  flask  as  between  flasks  or  at  some 
more  remote  point.  In  the  case  of  the  riddle  shown  in 
Fig.  2  two  wheelbarrows  may  be  used,  one  to  take  the 
screened  sand  and  the  other  the  refuse. 

The  cost  of  operating  one  of  these  electrically  op- 
erated gyratory  foundry  riddles  is  practically  negligible 
as  compared  with  the  saving  effected.  In  making  esti- 
mates on  the  cost  of  operation  it  should  be  borne  in 
mind  that  the  expense  of  operation  is  incurred  only 
while  the  outfit  is  in  use ;  for  when  not  in  use  it  is  shut 
down  and  in  that  respect  is  quite  unlike  the  line  shaft 
outfits,  where  the  line  shaft  expense  goes  on  during  the 
entire  day. 
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H\RDNESS  has  been  defined  as  "resistance  to 
permanent  deformation."  There  are,  however, 
various  kinds  of  hardness  depending  upon  the 
stress  applied  to  the  material.  Among  these  may  be 
mentioned  cutting  hardness,  elastic  hardness,  tensile 
hardness  and  abrasion  hardness.  Many  methods  have 
been  devised  for  measuring  these  properties.  It  is  evi- 
dent that  the  results  obtained  by  two  different  methods 
cannot  properly  be  compared  unless  the  same  kind  of 
hardness  is  being  tested. 

MOH   SCALE  OF  HARDNESS 

One  of  the  earliest  methods  of  comparing  hardness 
of  two  materials  was  to  scratch  one  specimen  against 
the  other,  the  specimen  which  would  make  a  clean 
scratch  upon  the  other  being  taken  as  the  harder  of  the 
two.  The  Moh  scale  of  hardness,  intended  especially 
for  minerals,  is  based  upon  this  principle.  This  is  a 
crude  test  and  gives  an  indication  of  surface  hardness 
only.  The  Moh  scale  of  hardness  is  based  on  the  prin- 
ciple that  the  harder  of  two  minerals  will  scratch  the 
other  and  will  not  be  scratched  by  it.  In  order  of  in- 
creasing hardness,  the  scale  is  as  follows : 

I— Talc  6— Orthoclase 

2— Gypsum  7— Quartz 

3 — Calcite 

4 — Fluorspar 

5— Apatite 

SCLEROMETER  TEST 

The  sclerometer,  which  was  invented  about  100 
years  ago,  and  was  developed  in  1886  by  Prof.  Turner 
and  others,  measures  hardness  by  scratching  a  polished 
surface  with  a  diamond  point.  There  are  several 
methods  of  using  this  apparatus.  By  one  method,  the 
weight  required  to  make  a  barely  visible  scratch  deter- 
mines the  degree  of  hardness.     When  used  with  con- 


-Topaz 
9 — Corundum 
10 — Diamond 


slant  pressure,  the  depth  of  the  cut  indicates  hardness. 
When  used  with  constant  depth  of  cut,  the  weight  re- 
quired is  the  measure  of  the  hardness. 

BAUER  DRILL  TEST 

The  Bauer  drill  test  (sometimes  known  as  Keep's 
test,  after  the  manufacturer  of  the  machine)  gives  an 
indication  of  cutting  hardness,  to  determine  the  ma- 
chinability  of  metals.  It  therefore  depends  upon  the 
hardness,  toughness  and  abrasiveness  of  the  metal  un- 
der test.  The  machine  consists  essentially  of  a  fluted 
drill  driven  at  constant  speed  and  held  against  the  test 
specimen  by  a  definite  pressure,  a  support  for  the  metal 
to  be  tested,  and  an  autographic  attachment  which 
traces  a  curve  indicating  the  depth  of  the  hole  as  or- 
dinates  and  the  number  of  revolutions  of  the  drill  as 
abscissae.  It  is  necessary  to  have  the  drill  sharpened  so 
that  the  rake  and  clearance  are  the  same  for  each  test. 
The  drill  must  be  kept  sharp;  dullness  of  the  drill  be- 
comes evident  from  the  change  in  the  slope  of  the 
curve.  The  hardness  numeral  is  taken  as  the  tangent 
of  the  angle  which  the  curve  makes  with  the  vertical 
axis. 

This  test  has  its  limitations  as,  in  order  to  compare 
the  hardness  of  two  metals,  the  drill  must  be  of  uniforrr* 
quality,  run  at  the  same  speed  and  at  the  same  pres- 
sure. But  in  order  to  obtain  the  best  results  with  a 
metal,  the  speed  of  the  drill  should  be  adapted  to  that 
metal  and  any  comparison  at  a  different  speed  may  not 
be  a  fair  one.  It  is  especially  well  adapted  for  deter- 
mining the  machining  qualities  of  cast  iron. 

CONE  TEST 

Ludwik  proposed  the  use  of  a  cone  having  a  90 
degree  angular  opening.     He  measured  the  depth  of  in- 


THE  ELECTRIC  JOURNAL 


265 


dentation  and  calculated  the  hardness  numeral  on  the 
iiasis  of  the  entire  applied  pressure  divided  by  the  area 
of  the  conical  indentation.  The  relation  between  load 
and  depth  of  indentation  is  parabolic,  the  hardness 
numeral  decreasing  rapidly  with  increasing  loads,  and 
lifcoming  approximately  constant  at  high  loads.  This 
interferes  with  the  classifying  of  the  metals  in  a  relative 
hardness  scale.  Another  objection  to  the  cone  is  the 
tendency  of  the  point  to  become  flattened  under  pres- 
sure. 

BRINELL  TEST 

As  an  improvement  on  the  cone  test,  Brinell  sug- 
gested the  use  of  a  hardened  steel  ball  instead  of  the 


FIG.    I — BRINELL    HYDRAULIC   TYPE   TESTING    MACHINE 

cone.  In  the  Brinell  hardness  test  a  hardened  steel  ball 
is  pressed  into  the  flat  surface  of  the  material  to  be 
tested  by  means  of  a  known  pressure.  The  Brinell 
hardness  number  is  obtained  by  dividing  the  pressure  by 
the  area  of  the  curved  surface  of  indentation  and  may 
be  calculated  from  the  formula: — 

Where  N  :=  hardness  number,  P  =  pressure,  /  ^=  depth 
of  indentation  and  li  =  radius  of  curvature  of  indentation  ^= 
radius  of  ball. 

As  the  diameter  of  the  indentation  can  usually  be 
more  readily  measured  than  the  depth,  the  following 
formula  is  more  commonly  used : — 

-v  = ^ 

where  D  is  the  diameter  of  indentation  and  the 
other  symbols  are  the  same  as  indicated  above. 

The  American  Society  for  Testing  Materials 
recommends  the  use  of  a  ball  10  mm.  in  diameter,  and 
a  pressure  of  3000  kg  for  steel  or  500  kg  for  soft  metals, 


applied  for  at  least  30  seconds.  The  hardness  number 
obtained  from  the  formula  will  vary  somewhat  with  dif- 
ferent pressures  and  different  sizes  of  ball. 

In  order  to  obtain  sufficient  accuracy,  the  diameter 
of  indentation  is  mea,sured  by  means  of  a  magnifying 
glass  which  has  a  millimeter  scale  in  the  field.  Two 
measurements  of  an  indentation  are  made  at  right  angles 
to  each  other  and  the  average  taken  to  determine  the 
hardness.  The  hardness  numbers  corresponding  to  the 
various  diameters  of  impression  for  500  and  3000  kg. 
pressure  are  given  in  Table  I. 

Two  types  of  machine  are  used  in  making  Brinell 
tests;  the  hydraulic  type  and  the  lever  type.  In  the 
hydraulic  type,  Fig.  i,  the  ball  is  held  in  the  hydraulic- 
ally-operated  piston  which  moves  downward.  The  pis- 
ton is  a  close  fit  within  the  cylinders,  and  does  not  re- 
quire packing.  Pressure  is  applied  by  means  of  a  small 
hand  pump,  and  is  indicated  in  kilograms  by  a  gage. 
In  some  machines  a  system  of  dead  weights  is  so  aji- 


l-IG.  .2 — SCLEROSCOPE 

plied  that  the  pressure  cannot  exceed  that  required  for 
the  test. 

In  the  lever  type  machine,  the  ball  is  held  station- 
ary and  the  specimen  is  moved  up  against  die  ball  by  a 
screw  operated  by  a  crank.  The  pressure  is  weighed 
through  a  system  of  levers.  The  poise  is  set  to  the  de- 
sired pressure  and  when  this  is  obtained  the  beam  rises. 
The  Brinell  test  cannot  be  used  satisfactorily  when 
the  test  specimen  is  too  thin,  as  the  hardness  of  the  base 
supporting  the  specimen  will  influence  the  size  of  inden- 
tation and  therefore  the  hardness  number.  It  should 
not  be  made  so  near  the  edge  as  to  affect  the  diameter 
of  indentation.  It  is  not  applicable  to  brittle  materials 
which  crack  when  tested,  nor  to  steels  which  are  hard 
enough  to  cause  permanent  deformation  of  the  steel 
ball. 

The  following  are  a  few  characteristic  applications 
of  the  Brinell  test: — 

I — ^To  determine  the  effect  of  annealing  or  hardening 
of  steel  parts.  For  example,  larger  heat  treated  gears  and 
pinions. 

2 — To  determine  the  degree  of  uniformity  of  hardness 
of  heat  treated  steel  parts. 

3 — To  measure  the  hardness  of  babbitt  metais  as  an 
indication  of  composition  and  proper  manufacturing 
methods. 

4 — To  determine  the   relative  hardness  of  materials. 
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SCLEROSCOPE  TEST 

The  scleroscope,  which  was  invented  by  Mr.  A.  F. 
Shore,  measures  the  hardness  of  a  material  by  the  re- 
bound of  a  small  weight  dropped  upon  the  specimen 
from  a  definite  height.  It  consists  essentially  of  a 
cylindrical  weight  about  0.25  inches  in  diameter  by  0.75 
inches  long,  with  a  blunt  diamond  tip  about  0.020  inches 
in  diameter,  which  falls  by  its  own  weight  a  distance  of 
10  inches  inside  a  vertical  glass  tube  upon  the  test 
specimen.  The  weight  makes  a  small  indentation  on 
the  specimen,  and  the  height  of  rebound  gives  a 
measure  of  the  work  done  by  the  weight  upon  the  speci- 
men and  therefore  measures  the  hardness  of  the  speci- 
men. The  vertical  glass  tube  is  marked  with  an  arbi- 
trary scale,  divided  into  100  units,  a  hardness  of  100 
being  taken  as  the  average  hardness  of  martensitic  high 
carbon  steel. 

When  the  bulb  is  pressed,  the  weight  is  drawn  up 
by  suction,  and  held  by  hooks  at  the  top  of  the  glass 


error  being  much  greater  than  with  hard  materials. 
It  is  a  valuable  test,  as  it  can  be  made  quickly  at  low 
icost  without  destroying  the  material  tested,  thus  allow- 
ing tests  to  be  made  upon  either  the  raw  material  or  the 
finished  product. 

The  hardness  factors  for  different  materials  are  not 
comparable  as  the  rebound  of  the  weight  is  dependent 
upon  the  elasticity  of  the  material.  For  instance,  the 
scleroscope  factor  for  soft  rubber  is  sometimes  as  large 
as  for  steel,  although  these  materials  are  widely  dif- 
ferent in  hardness  and  strength. 

The  Brinell  test  provides  a  measure  of  the 
hardness  not  only  at  the  surface  but  for  an  appreciable 
distance  below  the  surface  of  the  specimen. 

While  there  may  be  a  relation  between  the  sclero- 
scope and  Brinell  hardness  numbers  and  the  ultimate 
tensile  strength  and  elastic  limit  of  the  material,  this 
relation  varies  with  different  materials.  It  would 
therefore  not  be  correct  to  use  the  same  factor  for  cai- 
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9,80 

4,0 

23.8 

1.85 

184.4 

1106 

2.85 

76.7 

460.4 

3,85 

41.3 

247.9 

4,85 

25.4 

152.2 

5.85 

16.9 

101.1 

6.85 

11.7 

70.4 

7.85 

8.4 

50.2 

8.85 

6.0 

35.8 

9.85 

3.9 

23.1 

l.HO 

174.5 

1047 

2.90 

74.1 

444.5 

3,90 

40.2 

241.1 

4.90 

24.8 

148.9 

5.90 

16.5 

99.2 

6.90 

11.5 

69.2 

7.90 

8.2 

49.4 

8.90 

5.9 

35.1 

9.90 

3.7 

22.3 

1.95 

165.8 

995 

2.95 

71.5 

429.2 

3,95 

39.2 

234.9 

4.95 

24.3 

145.7 

5.95 

16,2 

97.2 

6.95 

11.3 

68.0 

7.95 

8.1 

48.6 

8.95 

5.8 

34.5 

9.95 

3.5 

21.2 

With  the  3000  kilogram  pressure  and  10  millimeter  ball,    the   pressure   is   left   on   for   15     e. 
neter  ball,   the  pressure  is  left  on   for   30   seconds.     The   following  readings  are   typical: — h^ 
188;   manganese  steel,   179:   cast  iron,   160;   copper,   80.5. 


nds;    with   the   500    kilogram   pressure   and    10 
carbon   steel,   641;   tool   steel,   289;    Bessemer 


tube.  When  the  bulb  is  pressed  again  the  weight  is 
released  and  air  is  admitted  to  tlie  tube  above  the  weight 
so  that  it  will  fall  freely.  The  weight  does  not  remain 
at  the  highest  point  of  rebound  so  this  point  must  be 
noted  before  the  weight  falls.  A  magnifying  glass, 
which  can  be  set  at  the  proper  height,  enables  accurate 
readings  to  be  taken.  The  specimen  should  be  sup- 
ported in  such  a  manner  as  to  avoid  any  spring  as  this 
would  give  a  fictitious  value  for  the  hardness.  The 
instrument  should  be  so  adjusted  that  the  rebound  will 
be  at  right  angles  to  the  surface  of  the  specimen.  The 
base  is  removable  so  that  the  scleroscope  may  be  used 
to  measure  the  hardness  of  large  pieces  which  could  not 
be  placed  in  the  instrum£nt  in  its  usual  form. 

APPLICATIONS 

The  scleroscope  is  especially  well  adapted  to  indi- 
cate the  surface  hardness  of  very  hard  materials,  such 
as  tool  steels  or  case  hardened  steel.  With  very  soft 
materials,  the  rebound  of  the  weight  is  so  slight  that 
accurate  readings  cannot  be  taken,  the  percentage  of 


culating  the  tensile  strength  of  different  steels  from 
liieir  hardness  number,  as  the  ratio  varies  considerably 
^vith  the  chemical  composition,  mechanical  working  and 
heat  treatment. 

Probably  their  greatest  usefulness  occurs  in  making 
check  tests  to  determine  tlie  condition  of  the  material 
tested,  when  this  material  is  known  to  be  of  a  certain 
type  and  is  supposed  to  have  received  certain  treatment. 
For  instance;  the  scleroscope  is  used  to  determine 
whether  tool  steels  have  been  given  the  proper  heat 
treatment.  With  the  characteristics  of  the  material  de- 
termined by  means  of  the  chemical  analysis,  and  phy- 
.sical  tests,  and  their  relation  to  the  hardness  test  known, 
the  hardness  test  is  used  as  a  check  to  insure  uniformity 
of  the  material. 

The  scleroscope  and  Brinell  tests  are  perhaps  the 
most  widely  used  hardness  tests.  Each  has  its  field 
within  which  it  is  most  effective.  The  advantages  and 
limitations  of  the  various  test  methods  should  be  con- 
sidered in  selecting  a  test  for  a  given  application. 


Tlie  ?,8ss3itials  of  Trnisforraer  Prnctioo 


■IQ' 


E.  G. 

THE  PARALLEL  operation  of  two  or  more  trans- 
formers implies  their  being  connected  to  carry 
the  load  jointly,  so  that  an  individual  unit  may  be 
added  to  or  taken  away  from  the  group  with  no  other 
eflfect  than  decreasing  or  increasing  the  load  on  the  re- 
maining transformers.  The  measure  of  the  satisfac- 
tory parallel  operation  of  a  number  of  transformers  is 
the  manner  in  which  they  divide  the  common  load.  If 
the  individual  units  have  the  same  rating  they  should 
share  the  load  equally,  and  if  they  are  different  in  rat- 
ing, the  load  taken  by  each  should  be  proportional  to  its 
rating. 

In  order  that  two  transformers  may  operate  satis- 
factorily in  parallel,  their  secondary  voltages  must  be 
in  time-phase  relation  and  equal  in  value.  These  condi- 
tions are  established  at  no-load,  if  the  polarity  and  volt- 
age ratios  of  the  transformers  are  the  same.  Another 
way  of  looking  at  this  matter  is  to  think  of  the  second- 
ary windings  connected  in  parallel  as  a  series  circuit. 
Satisfactory  parallel  operation  will  be  established,  if 
there  is  no  tendency  to  establish  a  current  in  this  series 


Reed 


Percent  Z,  = 


(/i  normal)  Zi 


(-') 


Where  (/j  normal)  and  E  are  the  normal  current 
and  voltage  of  the  transformer.  Similarly  for  the 
second  transformer, — 

(/;  normal)  Z: 


Percent  Z-  = 


(i) 


Substituting  the  values  of  Z^  and  Z,  from  equation 
2  and  J  in  equation  /,  gives, — 

/,  (/i  normal)  percent  Z~. 

17  " 


FIG.    I — PHASE  RELATIONS  OF  THE  LOAD  CURRENTS  AND  THE  VOLTAGE 
DROPS    IN   TWO   TRANSFORMERS    CONNECTED    IN    PARALLEL 

circuit;  which  will  be  when  the  voltage  of  one  winding 
is  equal  and  in  time-phase  opposition  to  that  of  the 
other.  If  the  voltages  were  not  in  time  phase  opposi- 
tion, a  large  current  would  flow  between  the  transform- 
ers which  would  be  in  effect  a  short-circuit  on  both 
units.  Under  load  conditions,  the  division  of  the  load 
depends  upon  the  relative  regulation  characteristics  of 
the  transformers. 

DIVISION  OF  LOAD  IN   TRANSFORMERS   CONNECTED  IN 
PARALLEL 

When  connected  in  parallel,  two  transformers  hav- 
ing the  same  polarity  and  ratio  of  transformation  will 
divide  the  common  load  between  them,  in  such  propor- 
tion that  the  impedance  drop  across  each  is  the  same.  If 
the  impedance  drop  across  the  first  transformer  is  /^Zi 
and  across  the  second  UZ^_,  this  relation  may  be  ex- 
pressed as  follows, — 

UZ^^UZ-.  (j) 

and  is  shown  graphically  in  Fig.  i.  The  impedance 
of  transformers  is  usually  specified  in  percent  imped- 
ance volts,  rather  than  in  ohms,  so  that  the  following 
relations  are  developed  with  this  fact  in  view.  By 
definition,  the  percent  impedance  of  the  first  trans- 
former Is, —  . 


(/:  normal)  percent  Zi 
Multiplying  through  by  E,  gives, — 
{k.v.a.),  (K.V.A.),  %  Zz 


(4) 
the 


(k.v.a.),    ""     (K.V.A.):  %  Z,    

in   which    k.v.a.    represents    the   load   and   K.V.A 
transformer  rating. 

In  Fig.  I  the  current  I^  and  the  voltage  drop  I^  R, 
are  in  phase,  as  also  are  the  current  I^  and  the  voltage 
drop  Ir,  i?,.     The  resistances  7?i  and  i?2  are  the  resist- 
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FIG.    2 — CURVE   SHOWING    HOW   THE   VECTOR   SUM    OF  THE  CURRENTS 

IN    THE    TWO    TRANSFORMERS    CONNECTED    IN    PARALLEL 
COMPARES  TO  THE  NUMERICAL  SUM 

With  variable  phase  angle  between  the  currents. 

ances  of  the  first  and  second  transformers  respectively. 
The  total  current  /  is  the  vector  sum  of  the  currents 
/j  a«id  /j,  that  is, — 
/  =  /.  +  /. 
or, 

/  =    /,    +  /.,  ros   (a:     -   (3)    +JI/.SUI    (oc     -  /3) 

Multiplying  through  by  E,  gives, — 

.7^,^  =   (/•.r.n.),+  {/: .r M .) ,  cos  (cc-il)  +  J (i-.-c.a.)'.  si'i  (<x-/3) 
Substituting    value    of    k.v.a.^    from    equation    4, 
gives, —  's 

{k.v.a.)-^  = 

k.v.a. 


(K.V.A.)^.%Z, 

'+  {A:y.A.)i%z, 


Similarly, — 
(k.v.a.)2  := 


(--«  4-7 


(A:iy.A),%z, 

(A■.^-.^.)l.%Z: 


sj'n  ( c 


-P) 
(5) 


k.v.a. 


(A-.P-.^-J.),^"^         ;         ^,    ^  .{A-.V.A.),%Z,    . 

(6) 
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In  using  these  equations  in  a  particular  case  it  is 
Lonvenient  to  use  the  relations, — 

Cos  (oc  —  j3)   =  cos  <x  cos  ft  +  sill  oc  sin  ji 
or, — 


Then  from  equation  5,- 


Cos  (cc    -  ft)    =- 


Zi  z,  +  z,  z, 


which  has  the  same  value  as, — 
(%  copper  loss)  1  (%  copper  loss) -2  +  (%  reactance)  1  (%  reactance)  - 


(7) 

It  is  evident  from  equation  7,  that  if  the  first  trans- 
former has  zero  resistance,  and  the  second  transformer 
has  zero  reactance,  that  the  cosine  of  the  phase 
angle  between  the  currents  is  equal  to  zero ;  or  that  the 
two  currents  are  90  degrees  apart  in  phase.  In  this 
case  the  line  current  is  71  percent  of  the  numerical  sum 
of  the  currents  in  the  transformers.  This  of  course 
is  a  limiting  case,  and  will  not  actually  occur.  It  is 
also  apparent  from  an  inspection  of  Fig.  i,  that  if  the 

percentage  reactance 

; is  the  same  for  both  transformers, 

percentage  resistance 

the  line  current  will  he  the  numerical   sum  of  the  two 

transformer  currents.     This  is  also  a  limiting  case,  be- 


^v^,VAV/J        i^v^A^(^A 


FIG.    3 — DAI.ANCE    COIL 

Used    with    two   dissimilar   transformers   to    force   the   desired 
distribution  of  current  between   them. 

'"in 

ing  the  ojjposite  limit  to  the  previous  one,  but  is  a  pos- 
sible condition.  A  particular  case  of  parallel  operation, 
will  come  somewhere  between  these  two  liinits.  Fig.  2 
shows  a  curve  drawn  between  the  line  current  expressed 
as  a  percentage  of  the  numerical  sum  of  the  two  trans- 
former currents  and  the  phase  angle  between  the  trans- 
former currents.  From  this  curve  it  is  evident  that  for 
differences  in  pha.se  angle  between  the  transformer  cur- 
rents of  15  degrees  or  less,  the  line  current  may  be 
assumed  to  be  the  numerical  sum  of  the  transformer 
currents  without  serious  error. 

Rxamplc — How  will  the  common  75  k.v.a.  load  be  divided 
between  a  25  K.V.A.  transformer  which  has  a  copper  loss  of 
IS  i)erccnt  and  an  impedance  of  2.5  percent,  and  a  50  K.V.A. 
transformer  which  has  a  copper  loss  of  1. 1  percent  and  an 
impedance  of  three  percent? 

The  reactance  of  tlu-  first  transformer  will  be  two  percent 
and  of  the  second  2.8.  The  allele  ('^  —  ft)  is,  from  equa- 
tion 7, — 


cos,  (t 


^^.      /.3  X  /./   -f  i-  X  2.S 

«.=  7j^, ="-9^5 


X    — -^    V  /I  n^c  4-  /  i —     V     — ^    V    o    ».-r. 

ifr.z:a.2  =  75  -  ?S.z  =  46.S 

In  this  example  no  appreciable  error  would  have 
been  introduced  by  the  assumption  that  the  line  current 
was  the  numerical  sum  of  the  transformer  currents,  the 
angle   a   —  /j  being  approxiiriately  15  degrees. 

To  take  a  more  extreme  case,  suppose  it  is  desired 
to  parallel  a  two  K.V.A.  transformer  having  a  copper 
loss  of  2.25  percent,  reactance  of  i.i  percent  and  im- 
pedance of  2.5  percent,  with  a  50  K.V.A.  transformer 
having  a  copper  loss  of  one  percent,  impedance  of  3.5 
percent,  and  reactance  of  3.35  percent. 

From  equation  7, — 

Cosine  (-   -  /3)  =  ^ X   ^.5  =  "-^S 

In  this  case  the  phase  relation  of  the  two  currents 
cannot  be  neglected,  as  the  angle  oc  —  ^  is  approxi- 
mately 47  degrees. 

USE   OF   BALANCE    COILS    IN    PARALLELING   TRANSFORIIFRS 

It  has  been  shown  that  the  load  current  in  two 
transformers  connected  in  parallel  so  divides  that  the 
terminal  voltages  of  the  two  units  are  eqvial  in  value 
and  opposite  in  time-phase.  In  case  this  distribution  of 
the  current  is  not  that  desired,  it  is  possible,  by  inserting 
a  balance  coil  at  B,  in  Fig.  3,  to  force  the  transformers 
to  divide  the  load  between  them  in  any  ratio  required. 

The  balance  coil  is  a  single  continuous  winding  on 
an  iron  core,  having  a  tap  at  some  point  between  its  two 
ends.  This  tap  is  so  located  that  when  the  desired  cur- 
rent distribution  is  obtained,  the  ampere-turns  on  the 
two  sides  of  it  are  equal.  Since  the  balance  coil  ab- 
sorbs the  voltage  tending  to  produce  a  circulating  cur- 
rent, this  current  is  reduced  to  a  value  only  sufficient 
to  magnetize  the  core  of  the  coil.  The  ampere-turns 
on  the  two  sides  of  the  tap  neutralize  each  other  so  far 
as  any  magnetizing  effect  on  the  core  is  concerned.  It 
is  rather  difficult  to  predetermine  the  value  of  the  volt- 
age tending  to  circulate  current  for  a  particular  case  of 
parallel  operation.  For  this  reason  the  balance  coil 
should  be  designed  with  a  fairly  low  flux  density  in  its 
core,  so  that  if  the  voltage  is  greater  than  expected, 
the  increased  flux  will  not  saturate  the  core  sufficiently 
to  require  a  large  magnetizing  current,  which  in  this 
rase  will  be  the  current  circulating  between  the  trans- 
formers. A  balance  coil  may  also  be  used  in  paralleling 
three-phase  transformers,  the  principles  involved  being 
the  same. 
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Th«    purpose    of    this    section    is    to    present       The    co-operation    of    all    those    inierested    in 

accepted  practical  methods  ased  by  oper.tin^       operating  and  maintaining  railway  equipment 

companies    thronghont    the    country  is  invited.     Address  R.  O.  D.  I'ditor. 


Mounting  and  Maintenance  of  Car  Resistors 


GENERAL    ARRANGEMENT 

In  hanging  grid  resistors  on  niolor  cars  vvhrtlicr  of  the 
small  city  or  large  interurban  class,  it  is  essential  that  certain 
details  receive  proper  attention.  It  is  due  to  lack  of  careful 
forethought  regarding  these  particular  features  that  a  great 
number  of  avoidable  troubles  are  encountered.  Consider  for 
instance  the  fallacy  in  mounting  the  grid  resistance  directly 
back  of  the  truck  an<l  in  line  with  the  wheels,  without  protect- 
ing the  grids  from  aheel  wash  with  a  suitable  bafiflc.  Yet  this 
is  nnc  of  the  neglected  details,  both  when  ninunting  the  grids 
and  maintaining  them  in   scrvirc. 

MOUNTING    POSITION    AND    PROTECTION 

When  layiu}.;  out  the  apparatus  uii  the  car  under framin.t;, 
th-  following  points  should  be  taken  into  consideration  in  re- 
gard to  the  position  occupied  by  the  grid  resistance. 

I — Mount  the  frames  so  that  the  grids  lie  in  the  longi- 
tudinal plane  of  the  car.  This  insures  a  maximum  of 
ventilation. 

2 — When  it  is  nccessarj'  to  mount  the  grid  resistance 
where  it  is  exposed  to  the  wheel  wash,  a  splash  guard 
similar  to  the  one  here  shown  should  be  used. 

3 — Where  it  is  necessary  to  place  the  grid  frames  close 
together,  due  to  lack  of  room,  be  sure  that  sufficient  room 
is  allowed  between  the  top  of  the  grids  and  the  car  under- 
framing  for  making  connections. 

4 — The  clearance  between  the  bottom  of  the  grids  and 
the  top  of  the  rail  should  not  be  less  than  ten  inches.  For 
low-floor  cars  this  figure  can  be  reduced  to  seven  inches. 

MOUNTING   ARRANGEMENT 

The  general  arrangement  of  the  grid  resistance  is  shown 
in  Fig.  I.  Each  frame  of  resistanre  is  supported  from  strap 
iron  hangers  by  four  one-half  inch  insulated  bolts.  As  a  gen- 
eral rule  the  manufacturer  supplies  only  the  insulation  for  the 
bolts,  as  the  bolt  itself  is  considered  standard  hardware  which 
the  operating  company  usually  has  in  stock  or  can  easily  olHain. 
The  stran  to  which  the  grid  resistance  is  fastened  is  approxi- 
mately three  by  five-eighths  inch  and  the  hangers  from  which 
these  straps  are  suspended  arc  three  by  one-half  inches. 

SCHEME   OF  INSULATION 

The  method  of  insulating  the  grid  frames  for  Aoo  volts 
installations  is  shown  in  Fig.  1.  For  1200  volts  the  same  ar- 
rangement is  used  with  the  addition  of  insulated  bolts  between 
the  hangers  and  the  straps  to  which  the  grid  frames  arc  at- 
tached. 

Fig.  2  shows  by  cross-section  the  construction  of  the  bolt. 
The  heavy  black  lines  indicate  the  insulating  washers  and  tube, 
while  the  dotted  cross-sectional  pieces  arc  the  porcelain  in- 
sulators. 


On  equipments  recpiiring  more  than  five  grid  frames,  it 
will  lie  necessary  either  to  use  heavier  mounting  straps,  or 
more  hangers.  The  use  of  three  hangers  is  preferable  to  heavy 
straps. 

FIRE    UNDERWRITERS'     REQUIREMENTS 

To  satisfy  the  National  Board  of  Fire  Underwriters  re- 
quirements, it  is  necessary  to  observe  certain  regulations  regard- 
ing insulation  as  a  fire  protection.  When  the  car  underframing 
is  composed  entirely,  or  partly,  of  wood  over  the  place  where 
the  grid  resistance  is  hung,  the  regulations  call  for  a  fire-proof 
non-metallic  insulation  at  least  one-fourth  inch  thick,  covering 
a  surface  which  extends  eight  inches  beyond  the  resistance  on 
all  sides.  The  cable  insulation  must  be  removed  for  a  distance 
ol  at  least  six  inches  from  the  terminals  of  the  grid  resistor 
atid  should  be  supported  in  a  manner  to  give  a  rigid  construc- 
tion, to  prevent  vibration. 


c      ^ 

13: 

INSPECTION   AND   MAINTENANCE 

With  proper  design,  application,  and  installation,  the  main- 
tenance of  grid  resistance  should  be  negligible.  However,  even 
under  the  best  of  conditions  certain  troubles  are  bound  to  occur. 
Take  for  instance  the  breakage  of  grids.  This  trouble  can  be 
traced  to  vibration  or  loose  stones  on  the  road  bed.  When 
replacing  broken  or  burned  out  grids,  be  sure  that  there  is  sufli- 
cient  insulation  at  the  proper  place  between  the  new  and  the 
old  grids.  It  may  be  necessary,  in  a  number  of  cases,  to  renew 
a  considerable  portion  of  the  mica  insulation  mider  the  nuts 
of  the  clamping  bolts. 

At  the  time  of  heavy  inspection,  and  when  installing  new 
grid  frames,  the  clamping  bolts  should  be  tightened  to  take 
up  any  shrinkage  which  may  have  occurred.  The  terminals 
should  be  checked  to  see  that  the  cable  connections  are  satis- 
factory. .-Ml  leads  should  be  carried  up  close  to  the  car  floor 
until  it  is  necessary  to  bend  down  for  the  terminals.  This 
prevents  the  cables   from  resting  on  the  top  of  the  grids. 

H.  R.  Meyer 
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should  b»  of  j-encr.'i:  interest;  iniormaion  in\oMm:  the  s|K-cific  design  o( 
individu.il  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  lor  an  intelligent  ans«cr. 


addressed 
Anonymous  c\ 
by  an  expert 
a  reasonable  l< 


liled  to  each"^questioner  enclosinK  a  stamped,  self 
>on  as  the  necessnry  information  can  be  obtained 
cannot  be  considered.  As  each  question  is  answered 
.ibject  in\ oKed,  anil  checked  by  at  least  two  others, 
ime  should  be  allowed  before  expecting;  an  answer 


1749— iNnucTio.N-       Motor       Wimding — 
■S'our    induction    motor   data,    as   pub- 
lished   in    the    various    issues    of    the 
Tournal,    has    been    most    helpful    and 
is  of  great  assistance  to  those  whose 
duties  bring  them  in  contact  with  the 
operation     of     induction     motors.       I 
would   greatly  appreciate,   if  you   will 
inform  me  as  to   the  calculations   for 
figuring  a  new   winding,  in   making  a 
change  from  two  to  three  phase,  and 
from  three  to  two  phase.     How  would 
the   difference  compare  in  number  of 
turns,  throw  and  size  of  wire?     J.w.T. 
This   and  other   similar  questions   are 
answered    completely    in    an    article    on 
"Reconnecting     Induction     JNlotors"     by 
Mr.   A.   M.   Dudley   in   the    Journal    for 
February   1916,  page  459,  which  is  now 
available  in  reprint  form,  at  so  cents  per 
copy.  C.R.R. 

1750— Synchronous  Motor  Trouble— 
We  have  a  synchronous  motor  which 
drives  a  direct-current  generator,  so 
that  its  starting  duty  is  a  minimum. 
We  have  had  trouble  starting  for  a 
year.  Finally  the  stator  coils  and  one 
coil  in  the  "starter"  or  compensator 
were  burned  out.  It  has  been  over- 
hauled and  seems  in  good  condition. 
When  started  from  the  alternating- 
currer*  side  it  reaches  a  speed  of 
300-400  r.p.m.  and  refuses  to  increase 
even  with  the  full  voltage  applied. 
Normal  speed  goo  r.p.m.  Normal 
voltage  2200.  Direct-coupled  exciter. 
All  phases  show  approximately  1500 
volts  in  the  starting  position  and  2200 
volts  in  the  running  position.  The 
stator  winding  is  of  the  concentric 
type  one  coil  per  slot,  Y  connected,  8 
poles.  Excitation  is  125  volts.  Field 
poles  are  laminated  with  a  brass  collar 
that  retains  the  field  coils.  It  is  too 
light  for  a  damper.  Fields  have  no 
squirrel-cage  winding.  The  sub-syn- 
chronous speed  has  not  been  taken  yet 
and  I  doubt  if  it  is  one  half  the  svn- 
chronous  speed  i.e.  4.=^o  r.p.m.  When 
started  from  the  direct-current  side 
everything  seems  normal,  the  field 
current  is  quite  the  same  as  hereto- 
fore. Exciting  current  may  be  varied 
from  lag  to  leading  with  the  exciter 
volts  varied  from  45  to  108.  As  wr 
cannot  bring  the  motor  to  speed  on 
the  starter,  we  start  from  the  direct- 
current  end.  giving  it  a  speed  slightly 
above  the  low  speed  referred  to,  then 
disconnect  the  direct-current  and  put 
it  on  the  starter  in  the  usual  way. 
The  field  is  applied  when  in  starting 
position,  however,  it  is  not  unsatis- 
factory to  wait  until  the  starter  is_  in 
the  running  position  before  applying 
the  field.  Have  tried  starting  with 
the  field  open  and  shorted  but  unless 
given  a  boost  from  the  direct-current 
side,  it  fails  to  come  to  speed.  I  dis- 
like to  advise  any  radical  change 
such  as  a  squirrel-cage  winding  or 
rewinding  of  field  coils  as  the  set 
seems  in  perfect  order  after  being 
placed    on    the    line.     It    carries    at 


times  a  50  percent  overload  and  keeps 
in  step.  The  field  current  is  not  ex- 
cessive, judging  from  rheostat  set- 
tings and  instrument  readings  taken 
before  the  motor  was  faulty. 

D.C.MCK.  (wvo  ) 
Since  the  above  motor  has  laminated 
field  poles,  the  torque  under  starting 
conditions  must  be  produced  to  a  large 
extent  by  a  single-phase  secondary  wind- 
ing consisting  of  the  brass  field-coil  re- 
taining collars,  either  acting  alone  or  in 
parallel  with  the  field  winding,  in  case 
it  is  short-circuited.  This  explains  the 
failure  of  the  motor  to  pull  past  the 
half-synchronous  speed  position,  for  a 
polyphase  induction  motor  with  a  single- 
phase  secondary  has  a  stable  running 
speed  slightly  below  the  half-syn- 
chronous speed  as  is  shown  by  the  speed 
torque  curve  in  Fig.  (a).  For  a  simple 
analytical  determination  of  this  curve, 
refer  to  an  article  entitled  "Polyphase 
Induction  Motor  with  Single-phase 
Secondary"  bv  Mr.  B.  G.  Lamme  in  the 
Journal  for  Sept.  1915,  p.  394-  The 
stability  of  the  motor  at  a  speed  so  far 
below  "the  half-synchronous  speed  is 
probably  due  to  the  high  resistance  of 
the  single-phase  secondary  path.  The 
effect  of  a  high-resistance  secondary 
winding  is  to  change  the  shape  of  th-- 
speed-torque  characteristic,  so  that  a 
larger  percent  slip  is  required  to  furnish 


e. 


FIGS.  1750(a)  and  (b) 
a  given  torque,  as  is  illustrated  in  Fig. 
(b).  If  the  counter  torque  is  reduced 
to  a  minimum  by  raising  the  brushes  on 
the  direct-current  machines  and  opening 
their  field  circuits,  there  is  a  slight 
chance  that  the  torque  produced  by  the 
laminations  of  the  poles,  which  act  as 
a  very  imperfect  polyphase  damper 
winding,  would  be  sufficient  to  over- 
come the  negative  torque,  due  to  the 
single-phase  winding,  and  carry  the 
rotor  past  the  half  synchronous  speed 
position.  However,  if  this  method 
fails  to  bring  the  motor  up  to  syn- 
chronous speed,  the  only  alternative  is 
to  provide  a  more  effective  polyphase 
damper  winding.  In  the  present  case, 
this  might  be  accomplished  by  putting 
brass  or  copper  wedges  between  the  pole 
faces  and  allowing  them  to  project 
under  the  pole  face  as  far  as  practic- 
able. However  the  manufacturers  of 
the  machine  should  be  consulted  before 
any  radical  charges  arc  made.  c.m.l. 

1751—20  Hp  Rotor  tn  a  37  Hp  Stator — 
What  service  can  be  expected  from 
a  motor  comprised  of  a  37  hp,  1200 
r.p.m.  stator  and  a  20  hp,  000  r.p.m. 
squirrel-cage  rotor?  Their  parts  arc 
interchangeable  mechanically. 

J.H.B.    (WYO.) 


In  an  eight-pole  motor,  the  end  ring 
is  in  efltect  in  eight  parallels;  while  in 
a  six-pole  motor  the  end  ring  is  in  six 
parallels,  which  causes  the  same  end 
ring  to  have  80  percent  more  resistance 
when  used  with  a  six-pole  primary  than 
when  used  with  an  eight-pole  primary. 
The  resistance  of  the  bars  is  not  effected 
by  the  different  primaries  and  since  in 
a  six  or  eight-pole  motor  the  bar  re- 
sistance is  a  large  part  of  the  total  re- 
sistance, the  large  increase  in  the  ring 
resistance  does  not  make  a  correspond- 
ing increase  in  the  total  resistance. 
This  increase  in  the  secondary  resist- 
ance will  give  an  increased  rotor  loss 
and  rotor  heating  but  not  sufficient  to 
injure  the  motor.  This  increase  in  re- 
sistance will  also  give  greater  slips, 
greater  starting  torque  and  slightly 
lower  eflSciency.  The  above  i.s  on  the 
assumption  that,the  900  r.p.m.,  eight-pole 
rotor  is  not  a  special,  high-slip  rotor 
but  a  rotor  for  normal  slip,  in  which 
case  it  should  be  possible  to  obtain  the 
full  rating  from  the  37  hp  primary  with 
this  squirrel-cage  rotor.  b.b.r. 

1752  — Ventilation  of  Alternator — 
Assume  the  case  of  a  5000  k.v.a._,  2300 
volt  alternator  having  both  intake 
and  discharge  air  ducts.  What  rise 
in  temperature  of  the  cooling  air 
nay  we  expect,  the  required  volume 
if  air  being  furnished  the  machine  at 
full  load?  What  would  be  a  fair 
value  to  assume  for  the  pressure  drop 
through  a  cheese  cloth  screen  placed 
in  the  intake  duct?  Would  it  not  be 
more  correct  in  approximating  the 
cooling  air  required  to  take  it  as 
cubic  feet  per  minute  per  ampere 
rather  than  per  kilowatt? 

M.J.I,  (d.c.) 
A  temperature  rise  of  25  to  30  degrees 
C.  may  be  expected  in  the  cooling  air 
of  a  turbogenerator.  The  pressure  drop 
through  a  cheese  cloth  screen  is  a  vari- 
able quantity,  depending  on  the  fineness 
of  the  mesh  and  the  amount  of  dirt 
suspended  in  the  screen.  Tests  at  a 
velocity  of  50  ft.  per  minute  have  shown 
that  drops  are  obtained  of  0.2  inches  of 
water  column  when  the  screen  is  clean, 
and  1.5  inches  when  dirty.  The  quantity 
of  cooling  air  cannot  be  based  o>i  am- 
pere rating,  as  the  copper  loss  in  a 
turbogenerator  is  small,  compared  with 
the  iron  loss  and  friction  and  windage, 
which"  are  practically  constant  for  all 
loads.  For  this  reason,  thr^  cubic  feet 
of  air  should  be  based  o'l  the  total  loss 
in  the  generator.  A  safe  figure  to  allow 
is  approximately  So  rubir  feet  per  kw 
loss.  A  turbogenerator  maximum  rated 
at  5000  k.v.a.,  will  rerinire  approximately 
24000  cubic  feet  of  nir  per  minute. 

S.L.H. 

1753 — Transformer  RELATioNS^(a)  I 
have  three  2400  volt  to  120  volt 
single-phase  transformers  connected 
delta  to  star  as  in  Fig.  (a)  the 
polarities  of  these  transformers  are 
as  shown  in  Fig.  (c).  Now  with  the 
phases  as  indicated  by  A,  B  and  C  on 
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the  primary  side  ot  the  transformers, 
as  in  Figs,  (a)  and  (b),  I  would  like 
to  know  if  I  have  the  secondary  leads 
marked  right,  for  their  proper  phases, 
in  reference  to  the  primary  or  incom- 
ing lines,  (b)  At  any  instant  that 
the  current  is  flowing  into  the  primary 
side  of  the  transformers  in  Figs,  (a) 
and  (b),  is  the  current  in  the  second- 
ary leads  flowing  into  or  out  of  the 
transformers?  (c)  I  can  see  the 
action  of  a  current  transformer  as 
compared  to  that  of  a  potential  trans- 
former, the  only  thing  that  is  not 
quite  clear  to  me  is  the  primary  volt- 
age or  drop  across  the  primary  coil 
of  current  transformer.  Is  this  pri- 
mary voltage  in  phase  with  the  pri- 
mary current  of  current  transformer, 
regardless  of  whether  this  current  is 
in  phase  or  not,  with  the  main  line  or 
generator  voltage?  (d)  In  a  vector 
diagram  of  a  single-phase  trans- 
former, as  in  Fig.  (d)  and  as  shown 
in  a  great  many  books,  there  is  an 
angle  shown  between  the  impressed- 
electromotive  force  £1  and  the  counter 
electromotive  force  ED.  Docs  this 
angle  actually  exist,  or  is  it  just 
drawn  this  way  to  show  the  difference 
between  the  two  voltages  due  to  re- 
actance and   resistance  drop? 

G.S.P.    (ill.) 

(a)     The     applicatioif    of    letters     to 

transformer  leads  is  a  purely  arbitrary 

matter.     The    A.I.E.E.    has    formulated 


FIG.  I7S3  (a)  to  (d) 

a  set  of  rules  covering  the  lettering  of 
the  leads  for  single-phase  transformers 
and  for  three-phase  transformers,  but 
the  lettering  of  the  leads  of  single-phase 
transformers  is  not  changed  when  they 
are  connected  in  a  bank.  The  diagrams 
given  in  Figs,  (a)  and  (b)  show  that, 
with  the  connections  shown,  if  the  pri- 
mary delta  rotation  is  in  the  order  a-b-c, 
the  secondary  star  rotation  in  the  order 
a-b-c  is  in  the  same  direction — which  is 
correct,  (b)  At  any  instant  the  current 
in  the  primary  winding  of  a  trans- 
former must  be  flowing  around  the 
core  in  a  direction  opposite  to  the  cur- 
rent  in   the   secondary   winding.      With 


a  transformer  of  the  polarity  shown  in 
Fig.  (c),  this  means  that  at  the  instant 
when  current  is  flowing  into  the  left- 
hand  primary  lead,  it  is  flowing  out  of 
the  right-hand  secondary  lead.  (c) 
Think  of  any  electrical  .device  connected 
in  series  with  a  line  carrying  current. 
If  the  device  has  resistance  but  no  re- 
actance, the  voltage  drop  across  its 
terminals  will  be  in  phase  with  the 
current  flowing  through  it,  that  is  with 
the  current  in  the  line.  If  the  device 
has  reactance  without  resistance,  the 
voltage  drop  across  its  terminals  will  be 
at  an  angle  of  90  degrees  with  the  cur- 
rent in  the  line  and  in  a  device  having 
both  resistance  and  reactance  the  volt- 
age drop  across  the  terminals  will  be 
somewhere  between  zero  and  90  degrees 
from  the  current  in  the  line.  A  series 
transformer  carrying  load  may  be  re- 
garded as  such  a  device.  The  relation 
of  the  voltage  and  current  in  the 
secondary  of  the  series  transformer  will 
be  determined  by  the  characteristics  of 
the  instrument  connected  to  it.  The 
series  transformer  itself  also  has  re- 
sistance and  reactance  which  will  add 
something  to  the  resistance  and  react- 
ance of  its  load.  Therefore,  the  drop 
across  its  primary  will  be  at  an  angle 
with  the  current  in  the  line  depending 
upon  the  relation  of  resistance  to  re- 
actance, (d)  In  drawing  vector  dia- 
grams of  transformers,  it  is  usual  to 
consider  the  whole  resistance  of  the 
transformer  as  one  quantity  and  the 
whole  reactance  as  one  quantity.  In 
reality  though,  part  of  the  resistance 
is  in  the  primary  winding  and  part  is 
in  the  secondary  winding,  while  part  of 
the  reactance  is  in  the  primary  winding, 
part  in  the  secondary  winding  and  part 
in  the  leakage  between  primary  and 
secondary.  A  certain  amount  of  the 
applied  voltage  must  therefore  be  used 
up  in  circulating  current  against  the 
resistance  and  reactance  of  the  primary 
winding  and  the  induced  voltage  in  the 
primary  is  consequently  slightly  smaller 
than,  and  slightly  out  of  phase  with  the 
applied  voltage.  j.b.g. 

1 754  —  Undercutting  Mica  —  Where 
could  I  get  a  good  hand  too!  for 
undercutting  the  mica  on  a  commu- 
tator? I  have  been  using  hack  saw 
blades  but  this  is  very  slow.  Some- 
time ago  I  saw  a  description  of  some 
small  hand  tool  which  was  very  suc- 
cessful but  have   forgotten  where. 

S.E.G.     (CAL.) 

The  only  power  undercutting  tool  of 
which  we  know  is  the  motor-driven 
tool.  The  air-driven  undercutting  tool 
is  not  regarded  with  favor  by  us  as 
satisfactory  results  have  not  been  ob- 
tained by  its  use.  There  is  now  on  the 
market  a  portable  motor-driven  rig 
(about  the  size  of  an  electric  drill) 
which  uses  a  worm  drive  but  as  the 
saw  is  at  least  1.5  inches  in  diameter, 
this  rig  does  not  readily  adapt  itself  to 
small  commutators.  For  the  undercut- 
ting of  small  commutators  by  hand,  the 
ordinary  hack-saw  method  is  hard  to 
beat,  although  quick  and  satisfactory  re- 
sults can  be  obtained  with  a  riffle  file, 
if  used  until  the  corners  ot  the  bars  are 
slightly  bevelled  off,  so  as  to  be  sure 
the  mica  is  all  below  the  copper.  After 
using  either  a  hand  hack-saw  or  power 
saw,  the  corners  of  the  commutator  bars 
should  always  be  taken  off  with  a  file 
or  scraper.  A  number  of  methods  of 
undercutting  are  illustrated  in  an  article 
"Care  and  Operation  of  Commutators" 


by  Mr.  W.  A.  Dick  in  the  Journal  for 
May  1912,  p.  378;  also  in  Railway  tJp 
erating  Data,  for  Nov.  1916,  p.  555. 

M.D. 

175s — Switching  Loaded  Transformers 
^We  have  in  a  substation  trans- 
formers for  light  and  power.  They 
are  Scott  connected,  high  tension  side 
r  I  000  volts,  three-phase ;  low  tension 
2400  volts,  two-phase,  4  wires;  capa- 
city 500,  1000  and  3000  kw.  Which 
side  ol  the  transformers  should  be 
closed  first  vifhen  putting  them  into 
service?  When  taking  off  which  side 
should  be  disconnected  first?  We 
found  by  closing  our  11  000  volt  oil 
switch  first  we  never  seem  'to  make 
a  surge  on  the  bus.  We  then  tried 
closing  the  2400  volt  oil  switch  first, 
and  got  very  bad  operating  conditions. 
Every  time  we  would  close  this  oil 
switch  the  charging  current  was  very 
heavy,  making  a  surge  in  the  voltage 
on  the  bus.  We  ran  mercury  arcs 
and  by  closing  this  switch,  we  would 
throw  three  or  four  arcs  off  the  line. 

H.M,     (N.J.) 

When  connecting  a  transformer  to 
the  line  there  is  generally  a  surge  of 
magnetizing  current.  The  magnitude  of 
the  surge  depends  upon  the  position  of 
the  voltage  cycle  at  which  the  circuit 
is  closed.  This  current  is  at  a  low 
power-factor  and,  if  drawn  through 
considerable  reactance,  the  voltage  drops 
momentarily.  There  is  generally  little 
or  no  preference  in  switching  on  11  000 
or  2400  volts.  In  the  above  instance  the 
difference  must  be  due  to  the  relative 
reactance  of  the  two  circuits.  When 
switching  on  the  11  000  volt  side,  the 
reactance  of  the  incoming  11  000  volt 
line  oifly  is  involved,  while  when  switch- 
ing on  the  2400  volt  side  the  surge  of 
current  must  pass  through  the  reactance 
of  the  transformers  in  that  substation 
as  well  as  that  of  the  11  000  volt  line. 
There  should  be  no  difference  in  the 
performance  of  the  transformers  for 
the  different  order  of  disconnecting,  as 
disconnecting  transformers  of  this  volt- 
age does  not  produce  surges  of  current. 

J.F.P. 

1756 — Pull-Out  Torque  of  Synchron- 
ous Motor— We  have  installed  in  our 
substation  a  1000  kw  motor-generator 
set.  About  how  many  amperes  will 
the  motor  field  take  before  it  will  pull 
out  when  over-excited,  also  at  about 
what  current  will  it  pull  out  when 
under-excited?  h.m.    (n.j.') 

The  ability  of  a  synchronous  motor 
to  carry  load  is  increased  as  the  field 
is  over-excited.  When  the  field  excita- 
tion is  decreased,  the  pull-out  point  is 
lowered.  The  actual  value  of  current 
which  will  give  a  certain  pull-out  torque 
depends  upon  the  design  of  the  par- 
ticular machine  in  question.  See  articles 
on  "Performance  Curves  of  Synchron- 
ous Machines"  by  Q.  Graham,  in  the 
Journal  for  January  IQ17,  p.  21 ;  also 
"Synchronous  Motor  Operation"  by 
Ralph   Kelly,   August   1917,   p.  313. 

Q.G. 

1757 — Grounding  of  Squirrel-Cage 
Winding — Why  is  it  a  squirrel-cage 
rotor  winding  can  be  and  is,  grounded 
to  the  spider  or  laminations  with  no 
disastrous  results?  Why  are  the 
copper  bars  separated  from  the  lam- 
inations by  paper  cells  in  the  slots,  if 
not   for  insulation?  j.f.    (n.y.) 

The  secondary  voltage  'of  a  squirrel- 
cage   motor   is   low,    being   proportional 
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to  the  percent  slip  times  the  transformer 
ratio  of  primary  and  secondary  voltages. 
It  is  so  low  that  there  will  be  very 
little  current  flowing  any  where  except 
through  the  bars  and  end  rings,  these 
having  a  low  resistance  compared  to 
the  paths  through  the  iron.  Formerly 
it  was  thought  necessary  to  have  the 
liars  insulated  to  prevent  anv  current 
taking  paths  through  the  iron  and  all 
bars  were  insulated.  This  has  been 
proved  unnecessary  and  the  elimination 
of  the  insulation  makes  a  better  me- 
chanical  construction   than   before. 

T.P.K. 

1758 — Polarity  of  Gener.\tor— Can  the 
polarity  of  a  compound,  cominutatinf.'- 
pole  generator  be  changed  any  other 
way  than  by  changing  the  residual 
magnetism?  Why  can't  the  polarity 
be  changed  by  interchanging  the  two 
leads  at  the  collector  rinj;s? 

J.G.M.    (N.J.) 

If  a  source  of  separate  excitation  is 
available,  perhaps  the  simplest  way  to  ■ 
reverse  the  polarity  of  a  direct-current 
generator  is  to  reverse  the  residunl 
magnetism.  The  polarity  at  the  machine 
terminal  board  can  be  reversed  by  inter- 
changing the  leads  of  each  of  the  wind- 
ings, —  armature,  series,  commutating 
pole,  and  shunt  field.  The  residual 
magnetism  is  not  changed  in  this  case. 
The  polarity  at  the  switchboard  may  be 
reversed  by  interchanging  the  main 
leads  of  the  generator  and  the  shunt 
field  leads.  If  the  madiine  is  separately 
excited,  the  polarity  may  he  reversed  by 
reversing  the  leads  of  the  armature,  the 
series  winding,  and  the  coinmutatins 
pole  winding.  f.l.m. 

1759— Fusing  of  Copper  \Vire~^1  would 
appreciate  very  much  some  informa- 
tion upon  the  fusing  current  for 
copper  wire.  I  wish  to  know  if  you 
can  furnish  me  any  data  or  informa- 
tion upon  a  method  of  arriving  at  the 
amount  of  current  in  amperes  which 
will  fuse  No.  i/o  copper  wire  and  4/0 
copper  wire  in  one-fifth,  one-third, 
one-half  and  one  second  respectively. 
W.T.B.    (MD.) 

In  estimating  the  current  required  to 
fuse  a  wire  in  a  short  period  of  time, 
the  heat  dissipation  due  to  convection 
and  radiation  may  be  neglected.  The 
energy  required  to  raise  the  wire  to  the 
melting  point  then  becomes  a  function 
solely  of  the  thermal  capacity  of  the 
wire.  With  this  assumption  the  time 
required  for  a  given  current  to  raise  a 
wire  to  its  fusing  temperature  may  be 
approximately  determined  from  the  fol- 
lowing formula : 

0.262  tT  d*  ■r-cf         ,..„    /  -f  o  Tm 
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s  :=  o.ii  (approximate  mean  value 
between  initial  temperature 
and  melting  point.) 

zv     =8.9 

,„       =    1.6  X    10-6 

a  =  0.005  (mean  value  between  ini- 
tial temperature  and  melting 
point.) 

r,„  =  1083 

7"r     :=   20 

We  have 

d* 

;        =   5-4   X    lo'-y:- 


/=- 


log 


'  I  +  a  T, 


Where, 

t      =  time  in  seconds. 

d     =  diameter  of  wire  in  cm, 

s  =  specific  heat  of  wire  in  calories 
per  gram  per  degrees  C. 

w  =  density  of  wire  in  grains  per 
cc. 

/      =  current  in  amperes. 

ro  =  resistivity  of  wire  at  o°C.  in 
ohms  per  cm'. 

a  =  temperature  coefficient  of  re- 
sistance of  wire. 

Tm  =  melting  point  of  wire  in  de- 
grees C. 

Tr    =  initial  temperature. 

Substituting  the  following  values  for 
copper, — 


/      =  23000 


1    ' 


The  following  table  gives  the  resu.ts 
desired  as  obtained  from  the  above 
formula.  The  writer  has  no  experi- 
mental data  available  to  check  these 
figures. 


Size 

of  Wire 


Time  in 
Seconds 


i/S 
1/3 
1/2 


4/0 


i/S 

1/3 
1/2 


Current  in 
Amperes 

35000 

27  000 

22000 

16  000  _ 

I  70000 
55  000 
45000 

I       32000 


The  above  values  give  the  current 
which  will  raise  the  wire  to  the  fusing 
temperature  in  the  specified  time.  An 
additional  time  will  be  required  to  fuse 
the  wire  and  interrupt  the  circuit.  This 
additional  time  is  indeterminate.       c.T..^. 

1760— Changing  Direct-Current  Mo- 
tor To  Generator— I  have  a  four- 
pole  500  volt  1600  r.p.m.  direct  cur- 
rent motor  which  I  wish  to  change 
to  a  direct-current,  125  volt  generator. 
This  motor  has  47  slots,  9.?  bars,  two 
brush  holders,  one  quarter  inch  thick 
brushes,  wave  wound,  six  turns  of 
two  No.  16,  D.C.C.  wires  per  coil. 
Would  placing  four  brush  holders  in- 
stead of  two  reduce  the  armature 
heating,  when  wave  wound?  Would 
it  allow  more  current  to  be  drawn 
from  the  armature  and  would  it  re- 
duce the  voltage  and  increase  the 
current.  The  above  motor  has  not 
the  capacity  marked  on  name  plate, 
only  the  make,  voltage  and  speed. 

S.E.G.    (CAI..) 

If  this  motor  were  to  run  as  a  gen- 
erator at  1600  r.p.m.  it  would  be  nec- 
essary to  put  a  high  resistance  in  the 
shunt  field  to  reduce  the  shunt  field  cur- 
rent enough  to  lower  the  voltage  to  125 
volts.  A  very  small  shunt  field  cur- 
rent would  probably  result  in  the  vol- 
tage being  unsteady.  To  avoid  this 
the  motor  should  be  run  as  a  genera- 
tor at  about  500  or  550  r.p.m.  At 
this  speed  it  will  be  necessary  to  con- 
nect all  of  the  shunt  coils  in  parallel 
to  get  the  field  current  to  give  the  vol- 
tage desired.  In  any  case  the  brushes 
would  have  to  be  shifted  to  get  best 
cominutation.  If  this  is  a  compound- 
wound  motor  it  probably  will  be  neces- 
sary to  make  the  speed  above  550  rp.m. 
and  to  shunt  out  part  of  the  current 
from  the  series  coil.  The  motor,  when 
changed  as  given,  would  carry  about 
the  same  amperes  load  as  when  run  as 
a  motor.  Since  the  output  is  propor- 
tional  to   the   volts   times   the   amperes. 


and  in  this  case  the  amperes  are  con- 
stant while  the  volts  are  125  now  as 
compared  with  500  as  a  motor,  the  ma- 
chine as  a  generator  will  give  only 
about  one  quarter  as  much  output  as 
when  a  motor.  Putting  on  four 
brushes  instead  of  two,  under  the  con- 
ditions as  above,  will  not  reduce  arma- 
ture heating.  It  will  not  appreciably 
change  the  voltage  or  increase  the  cur- 
rent. It  will  probably  improve  com- 
mutation a  little.  If  it  is  desired  to 
get  the  same  generator  output  as  was 
gotten  as  a  motor  the  armature  will 
have  to  be  rewound  so  as  to  carry  four 
times  as  large  a  current  as  before,  and 
will  have  to  run  again  at  about  1700 
r.p.m.  In  this  case  then  for  the  sake 
of  commutation  all  the  brushes  possible 
should  be  put  on.  Four  brushes  would 
carry  twice  the  current  of  two,  with 
the  same  kind  of  commutation.  To 
carry  four  times  as  much  current  with 
the  same  commutation  you  would  need 
eight  brushes.  It  is  very  unlikely  that 
that  many  can  be  put  on.  m.s.h. 


1761 — Parallel  Operation  of  Exci- 
ters— Assume  in  a  power  station  four 
125  volt  compound-wound  exciters, 
that  among  these  four  exciters  there 
are  three  different  makes,  speeds  and 
kinds  of  drive,  and  that  only  one  of 
the  three  types  has  commutating  poles, 
and  also  that  they  all  can  be  suc- 
cessfully paralleled  at  75  to  135  volts. 
Under  the  above  assumption,  suppos- 
ing exciter  A  is  exciting  one  alterna- 
tor at  no  load  and  is  up  to  only  43 
volts,  is  it  reasonable  to  expect  one 
of  the  dissimilar  e.xciters  B  to  be  suc- 
cessfully paralleled  at  43  volts  with 
e.xciter  A,  pick  up  the  load  and  allow 
exciter  A  to  be  switched  off  without 
causing  any  trouble  on  the  exciters 
or  the  alternator?  The  above  con- 
dition exists  in  our  plant  and  during 
a  test  an  attempt  to  parallel  at  any 
voltage  less  than  70  resulted  in  one 
e.xciter  taking  the  load  away  from 
the  other  and  the  condition  became 
worse  as  the  voltage  at  which  they 
were  paralleled  was  lowered. 

C.T.M.    (MAINE.) 

The  series  field  circuits  of  direct- 
current  generators  that  are  to  operate 
in  parallel  ordinarily  are  adjusted  so 
that  the  series  fields  take  currents  pro- 
portional to  the  loads  on  the  machines, 
and  the  compounding  curves  are  ap- 
proximately alike.  At  voltages  other 
than  normal  the  compounding  curves 
change,  and  are  likely  to  become  dis- 
similar, especially  if  the  machines  are 
of  different  types.  Thus  two  gener- 
ators may  be  adjusted  for  flat  com- 
pounding at  or  near  rated  voltage,  and 
yet  at  half  voltage  they  may  over-com- 
pound considerably,  mainly  on  account 
of  the  series  field  becoming  relatively 
stronger;  and  unless  they  are  duplicates, 
the  amount  of  overcompounding  will 
probably  be  different.  As  a  result,  "they 
would  not  share  the  load  properly  at 
the  low  voltage.  In  view  of  the  care 
sometimes  required  in  paralleling  un- 
like machines  at  normal  voltage,  it 
would  seem  that  satisfactory  parallel 
operation  over  a  range  of  75  to  135 
volts,  obtained  with  the  exciters  in 
question,  would  be  all  that  one  could 
expect.  In  general,  it  seems  that  the 
necessity  of  switching  exciters  at  vol- 
tages much  less  than  two-thirds  of  nor- 
mal, is  open  to  question.  f.um. 
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1762 — Testing  Watthour  Meters — I 
have  been  testing  some  Westinghouse 
type  C  polyphase  watthour  meters 
and  find  almost  all  of  the  style  £ 
from  100  to  300  amperes  self-contain- 
ed meters-  having  a  full  load  speed 
of  50  r.p.m.  running  fast.  I  use 
a  Westinghouse  polyphase  rotating 
standard  to  check  with  and  if  the 
method  outlined  below  is  not  correct 
will  you  tell  me  where  I  make  piy 
mistake  and  if  O.K.  can  you  give 
me  any  good  reason  for  these  meters 
running  fast.  I  use  this  same 
method  on  all  other  meters  and  they 
check  all  right.  The  standard  has  just 
been  checked  and  found  correct. 
Meter  to  check: — Westinghouse  poly- 
phase type  C  300  amperes,  400  volts, 
st>'le  E,  full  load  speed,  50  r.p.m. 
self  contained  meter.  The  watthour 
constant  is  80.  The  rotating  stand- 
ard is  set  for  5  amperes,  100  volts. 
The  watthour  constant  is  0.666. 
Used  with  the  rotating  standard  are 
current  transformers  333..33  to  5  am- 
peres and  potential  transformers  400 
to  100  volts  thus  making  the  watt- 
hour constant  for  the  rotating  stand- 
ard 177.598  and  found  as  follows : 
C.T.  333333  to  5  or  66.666  to  i  P.T. 
400  to  100  or  4  to  I.  66.666  x  4 — 
266.664  X  0.666  (Standard  constant  for 
5  amperes  100  volts)  =^  177.598.  Tak- 
ing 20  revolutions  of  the  type  of  C 
meter  the  rotating  standard  should 
make  9  revolutions.     Is  this  correct? 

E.H.D.     (CONN.) 

The  watthour  constant  of  the  rota- 
ting standard  is  177.77  when  used  with 
333-33  to  5  current  transformers  and 
400  to  100  voltage  transformers.  The 
standard  should  therefore  make  nine 
revolutions  while  the  type  C  meter 
makes  twenty  revolutions.  However, 
the  transformer  errors  may  be  large 
enough  to  cause  the  portable  to  rotate 
less  than  nine  revolutions  when  the  type 
C  rotates  twenty  revolutions  thus  caus- 
ing the  type  C  meter  to  appear  to  be 
running  fast.  The  portable  standard 
should  be  checked  with  the  transformers 
to   determine  the  watthour  constant. 

A.T.R. 

1763 — Testing  Induction  Motors — In 
the  Journal  for  March,  1917  there  is 
an  article  by  Luther  H.  James. 
"Calculating  the  Performance  of 
Polyphase  Induction  Motors".  On 
page  120  in  the  tabulated  part  under 
the  heading  of  Text  values  and  Mo- 
tor constants  about  half  way  down 
it  reads  r=z (reading)  x 

1. 135 
— =1.3.       On  page  119  at  bottom 

giving  no  load  amperes,  etc.,  it  says 
Measured  primary  resistance  ri'=i.3. 
I  presume  that  r.'  here  should  read 
n  since  four  lines  down  ri'=iModified 
f^imary  resistance.        Will  you  please 

explain  rt^=(reading)   x  -r — j=l-3- 

1. 135 
What  is  the  — r — and  where  and  how 

found?  Would  this  method  of  find- 
ing Rt  and  Xt  be  suitable  for  use  in 
calculating  the  motor  performance  by 
the  Steinmetz  method.  I  think  such 
articles  would  be  greatly  enhanced  if 
the  table  of  test  values  and  resis- 
tances, etc.,  were  given,  also  if  the 
type  of  circle  diagram  were  named. 
Did  the  author  use  the  Heyland  dia- 
gram as  described  by  Karapetoflf,  or 
Specht,  or  Arnold,  or  some  other? 

L-P-R.    (CAN.) 


By  the  term  "reading  in  the  equation 
r,=: (reading)  x  1.135/2=1.3,  is  meant 
the  ohms  resistance  between  any  two 
primary  leads  at  25  degrees  C.  It  was 
determined  by  test  on  this  particular 
motor  that  the  full  load  temperature 
rise  above  air,  was  34  degrees  C.  From 
the  law  of  increase  in  resistance  with 
rise  in  temperature,  there  is  an  increase 
of  one  percent  in  resistance  for  every 
2.5  degrees  rise  in  temperature,  or  13.S 
percent  increase  with  a  temperature  rise 
of  34  degrees.  It  is  stated  in  the  article 
that  equivalent  single-phase  values  are 
used  throughout  the  calculation.  To 
obtain  the  single-phase  resistance  of  the 
primary  winding,  the  resistance  be- 
tween any  two  leads  must  be  divided 
by  2,  thus  is  obtained  the  constant 
1.135/2.  In  the  tabulation  r,':=i.3,  r,' 
is  a  typographical  error.  This  should 
be  ri=l.3.  We  have  used  the  term 
"Measured  primary  resistance"  here  in 
order  to  distinguish  it  from  the  term 
'Modified  primary  resistance"  used 
later  in  the  calculation.  Specht's  dia- 
gram was  used  in  obtaining  compara- 
tive data  on  this  motor.  It  would  not 
do  to  use  the  modified  values  of  secon- 
dary resistance,  total  resistance,  and  re- 
actance in  the  Steinmetz  method  of  cal- 
culation, for  in  this  method  the  per- 
formance of  both  the  primary  and  sec- 
ondary of  the  motor  are  obtained  sim- 
ultaneously; whereas  in  the  method  un- 
der discussion,  the  performance  of  the 
secondary  of  the  motor  is  segregated 
completely  from  that  of  the  primary. 
.\ftcr  the  current  and  watts  taken  by  the 
secondary  are  determined  for  any  de- 
sired output,  these  values  are  added, 
in  their  proper  phase  relation,  to  the 
current  and  watts  taken  by  the  primary, 
which  values  are  considered  constant  at 
all  loads.  In  using  the  Steinmetz  method 
of  calculation,  the  writer  has  invariably 
obtained  lower  values  of  slip  and  higher 
values  of  efficiency  than  obtained  by 
test  or  by  any  other  method  of  calcu- 
lation, and  on  this  particular  motor 
there  is  no  exception.  The  Steinmetz 
method  with  "unmodified"  constants" 
gave  the  following  results: — Efficiency 
at  full  load  73-3  percent.  Maximum 
Torque  33  5  lbs .  Power- Factor  at  full 
load  45.3  percent.  Slip  at  full  load  6 
percent.  l.h.j. 

1764— Rotary  Converter  Partly  Load- 
ed— Will  you  please  give  an  approxi- 
mate idea  of  the  saving  in  running  a 
SCO  kw,  3  phase  Westinghouse  ro- 
tary converter  with  the  transformers 
and  a  160  kw  with  its  transformers, 
same  make.  The  500  kw  is  loaded 
to  only  125  kw  and  this  same  load 
to  be  placed  on  the  160  kw.  Also 
the  core  loss  of  one  300  k.v.a.  light- 
ing 4600-220-110  volt  single-phase 
transformer  at  full  load  and  at  10 
percent  load.  Also  the  core  loss  at 
full  load  of  one  single-phase  40  kw 
transformer  of  the  same  kind. 

j.E.MCH.   (mich.) 

Assuming  250  volts,  60  cycles,  3 
phase,  the  500  kw  converter  has  six 
kilowatts  more  loss  at  a  load  of  125 
kw  than  the  160  kw  machine  with  the 
same  load.  The  three  transformers 
for  the  500  kw  converter  will  have  475 
watts  more  loss  at  125  kw  load  than 
the  three  transformers  for  the  160  kw 
rotary.  A  300  k.v.a.,  4600  to  220- 
iio  volt,  60  cycle  transformer  has  2700 
watts  core  loss,  regardless  of  the  loa4 


and    a    40    k.v.a.    transformer    has    240 
watts  core  loss.  c.R.c.  &  j.b.g. 

1765 — Electrolysis — A  coal  dock  has 
three  parallel  tracks  on  which  oper- 
ate the  coal  bridges.  The  dock  is  on 
filled  ground  and  contains  material 
that  is  permanently  wet  so  that  the 
water  level  is  generally  within  two 
feet  of  the  surface.  The  main  trolley 
feeder  to  the  bridges  runs  parallel 
with  the  outside  track  and  the  rotary 
converter  substation  is  opposite  this, 
so  that  it  is  necessary  to  run  a  feeder 
underneath  these  tracks  from  the  sub- 
station to  the  trolley  wire.  Condi- 
tions are  such  that  an  overhead  feeder 
cannot  be  used  and  it  must  be  an  un- 
derground cable.  The  rails  will  be 
bonded  and  tied  together  by  means  of 
a  grounded  feeder  of  sufficient  ca- 
pacity which  will  run  directely  from 
the  rails  to  the  negative  bus  in  the 
station.  The  positive  feeder  will 
consist  of  two  feeders  of  500000  circ. 
mil  lead  cable  rubber  covered.  Over 
the  lead  will  be  jute  and  asphalt  and 
over  this  will  be  a  double  steel  tape 
which  will  also  be  protected  with  jute 
and  asphalt  covering.  The  cable  will 
be  parallel  to  the  grounded  feeder 
and  operate  at  600  volts,  the  load  be- 
ing very  intermittent,  consisting  of 
heavy  demands  for  short  intervals. 
It  is  proposed  to  lay  this  cable  about 
two  feet  below  the  surface  and  the 
question  has  come  up  as  to  the  danger 
to  be  expected  from  electrolysis. 
The  steel  tape  will  not  be  in  actual 
contact  with  the  lead  and  it  has  been 
suggested  that  trouble  might  be  elim- 
inated by  having  the  armor  grounded 
to  the  negative  bus.  Should  any 
such  provision  be  made,  what  are  the 
possibilities  of  danger  of  the  cable 
lioing  damaged  by  electrolysis? 

w.M.H.  (ill.) 
The  question  gives  the  impression  that 
there  is  only  a  short  run  of  cable,  cross- 
ing under  the  tracks.  The  current 
which  it  will  carry  in  the  sheath  will 
depend  upon  the  voltage  drop  in  the  rail 
bonding  between  outside  tracks  which 
should  be  very  small.  As  the  cable 
sheath  has  a  protective  coating  it  is 
doubtful  if  serious  electrolysis  occurs 
without  any  further  precautions.  But 
after  the  installation  is  complete  voltage 
measurement  should  be  made  between 
the  cable  sheath  and  the  rails.  If  the 
rails  are  positive  to  the  sheath  nothing 
need  be  done.  If  negative  the  rails 
may  be  bonded  to  the  sheath  or  a  feeder 
run  from  the  negative  bus  to  the  sheath 
in  order  to  eliminate  the  potential  or 
reverse  its  direction.  A.w.C. 

1766 — Starting  Induction  Motor  vitith 
Secondary  OPEN^Recently  the  firm  I 
am  with  sold  a  40  hp,  60  cycle,  2300 
volt,  720  r.p.m.  phase  wound  rotor 
induction  motor  to  a  coal  mining  com- 
pany. This  motor  has  been  used  for 
constant  speed  service  lightly  loaded 
for  the  last  few  years  and  when  we 
bought  it  was  operating.  The  motor 
was  started  by  closing  a  2300  volt  oil 
switch  on  the  stator  and  then  a  non- 
reversing  drum  type  controller  was 
used  to  cut  out  external  resistance  in 
the  rotor  circuit-  The  people  who 
bought  this  motor  from  us  wanted  a 
reversing  controller  as  they  wanted 
to  use  it  on  a  hoist.  As  we  were  un- 
able to  supply  this  controller  they 
bought  a  new  2300  volt  reversing  con- 
troller  from   another  company.      The 
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diagram  showed  the  rotor  circuit 
completely  open  when  the  controller 
is  on  the  off  position.  The  customer 
wired  up  the  motor  and  controller  as 
shown  on  the  diagram.  The  con- 
troller is  so  built  that  when  the  handle 
is  on  the  first  notch  none  of  the 
secondary  fingers  are  touching  the 
cylinder  nor  are  they  within  one- 
fourth  inch  of  doing  so.  This  leaves 
the  secondar>-  completely  open  when 
the  controller  is  on  the  first  notch  and 
the  primary  or  stator  is  excited  with 
2300  volts.  After  the  customer  wired 
the  motor  up  this  way  he  moved  the 
controller  to  the  first  notch  and  as 
the  motor  did  not  start  he  threw  it 
oflf  and  then  on  agai.i.  He  repeated 
this  operation  several  times  and  then 
the  motor  winding  flashed.  The 
writer  was  then  called  on  and  I  found 
that  two  primary  coils  located  about 
90  degrees  apart  around  the  motor 
were  melted  in  two.  A  piece  about 
two  inches  long  was  melted  out  of 
each  coil  and  the  arc  had  apparently 
grounded,  as  the  iron  nearest  the  coil 
was  discolored  but  not  beaded  nor 
burnt.  I  claim  that  it  is  not  the 
standard  practice  but  the  exception  to 
wire  motors  up  as  this  was  done  and 
that  there  is  danger  in  opening  and 
closing  the  primary  when  the  second- 
ary is  open  and  that  this  caused  the 
above  described  blowout  in  the  prim- 
ary winding  of  this  motor.  The 
windings  in  this  motor  are  virtually 
as  good  as  when  they  left  the  factory. 
They  have  never  been  rewound  and 
have  not  been  baked  nor  has  the 
motor  been  handled  roughly.  The 
insulation  is  flexible  and  appears  in 
the  best  of  condition.  Please  advise 
if  I  am  right.  c.m.l.   (utah) 

In  general,  it  is  not  good  practice  to 
open  the  primary  circuit  of  an  induction 
motor  with  all  phases  of  the  secondary 
open,  since  under  certain  conditions 
there  is  a  considerable  rise  of  voltage 
across  the  motor  terminals,  which  may 
he  several ^times  the  voltage  on  the  line. 
This  action  is  somewhat  similar  to  the 
rise  of  voltage  across  the  field  windings 
of  a  direct-current  machine  when  the 
field  is  broken.  It  is  therefore  seen 
that  the  switching  of  the  primary  of  an 
induction  motor  with  all  phases  of  the 
secondary  open,  should  be  done  only 
after  carefully  considering  the  specific 
application.  It  is  quite  common  practice 
to  start  induction  motors  with  one  phase 
open  circuited.  Under  this  condition, 
there  is  no  sudden  rise  of  voltage  when 
the  primary  is  disconnected  because  the 
discharge  of  energy  in  the  motor  field 
is  accomplished  through  the  closed 
secondary  phase.  c.w.h. 

1767 — Insulation  for  Terminal  Con- 
ductors OF  Generators — Please  give  a 
specification  for  the  insulation  which 
should  be  put  on  the  connectors  in 
splicing  to  the  terminal  conductors  of 
large  sized  2200  volt  and  6600  volt 
alternators.  m.j.l  (d.c.) 

Assuming  that  the  connector  which 
connects  the  cable  terminals  with  the 
switchboard  cable  is  made  of  copper  or 
brass  tubing  and  the  joints  soldered,  the 
insulation  should  consist  of  four  layers 
of  varnished  insulated  cloth,  half  over- 
lapped. Each  layer  of  the  cloth,  after 
it  is  applied,  should  be  brushed  with  an 
insulating  varnish.  The  outside  cover- 
ing or  protection  should  be  one  layer  of 
selvedge  edge  cotton  tape.  This  tape 
should  be  well  treated  with  several  coats 
of  shellac  or  insulating  varnish.        i.l.g. 


1768 — Rewinding  Induction  Motor — 
We  have  a  150  hp,  three-phase,  60 
cycle,  440  volt,  600  r.p.m.  motor  which 
we  intend  to  rewind  200  hp,  2300  volt, 
1200  r.p.m..  Can  we  do  this  without 
making  any  change  in  the  rotor? 
The  rotor  is  wave  wound,  two-circuit 
star  and  the  coils  have  a  12  pole 
throw.  Can  we  reconnect  the  rotor 
for  six  poles  and  leave  the  throw  of 
the  coils  as  they  are  now,  or  is  there 
any  other  way  of  changing  it  without 
rewinding  the  rotor?  a.r.   (ohio) 

(a)  The  rotor  must  be  changed  to  a 
si.x  pole  rotor,  (b)  There  is  no  way  of 
reconnecting  a  twelve  pole  wave  wind- 
ing for  a  six  pole  winding.  Therefore 
the  rotor  must  be  rewound  for  six-pole 
operation.  t.f.k. 

176Q — Size  of  Turbine  Exhaust  Pipe — 
The  exhaust  from  a  250  k.v.a.,  150  lb. 
steam  turbine  is  14  inches  reduced  to 
eight  inches  for  connection  to  a  small 
jet    condenser.     In    event    ot    a    con- 
denser breakdown  will  this  eight  inch 
exhaust    be    of    sufficient    capacity    to 
carry  off  the  total  flow  of  steam  with 
the  condenser  cut  font,  or  will  the  ex- 
haust line  have  to  be  fourteen  inches? 
The    full    load   economy  of   this   unit 
operating    condensing   is   24.5    lbs.    of 
steam   per  kw-hr.     What   will   be   the 
steam     consumption     operating     non- 
condensing?  E.W.D.C.    (CAN.) 
The  vacuum  under  which  the  turbine 
is    operating    is    not    given,    nor    is    the 
maximum   non-condensing   capacity   ob- 
tainable given.     Assuming  200  kw  load 
at   23.5    lbs.   per   kw-hr.    and    27    inches 
vacuum,   the   velocity   in    an    eight   inch 
exhaust  pipe  would  be   (4000  X  220  X 
I4^f)   -:-   (3600  X  5025)  =  859  feet  per 
second  which  is  rather  high.     For  non- 
condensing  operation,   assuming  200  kw 
capacity     at     50     lbs.     per    kw-hr.,     the 
velocity     in     the     exhaust     will     equal 
Ooooo  X  25  X  144)  -^  (3600  X  5025) 
=  100  feet  per  second,  which  is  about 
normal.     For  the  same  quantity  ot  steam 
the   exhaust  pipe   for  a   small   size   unit 
should  be  roughly  six  times  as  large  in 
area  on  a  condensing  machine  as  on  a 
non-condensing,    and    for    units    of    the 
same  capacity   the  exhaust  on   the  con- 
densing machine  should  be  three  times 
as    large    in    area ;    these    ratios    being 
based   on   normal  .exhaust   velocities   of 
200  feet  per  second  for  non-condensing 
machines,  and  300   feet  per  second   for 
condensing  machines.  J.F.J. 

1770 — Parallel  Operation  of  G'ener- 
ATORS — To  supply  light  and  power  for 
a  certain  city  there  is  available  a 
waterfall  of  1796  feet  static  head, 
with  plenty  of  water  to  run  two  625 
k.v.a.  generators.  In  view  of  the 
enormous  cost  of  the  pipe  if  a  single 
pipe  line  is  installed,  it  is  planned  to 
divide  the  fall  in  two  parts  and  have 
one  generating  station  built  up  at  the 
middle  of  the  fall  and  the  other  one 
at  the  bottom.  This  would  give  a 
distance  of  approximately  2614  feet 
lietween  the  two  generators  which  are 
to  operate  in  parallel,  and  in  order  to 
eliminate  the  services  of  an  attendant 
in  the  upper  station  after  the  ma- 
chines arc  synchronized,  it  is  pro- 
posed to  use  a  synchronous  motor- 
generator  set  as  a  load  balancer  be- 
tween the  two  generators.  What  then 
would  be  the  capacity  of  the  motor 
generator  set,  the  generators  being 
two  625  k.v.a.,  three-phase,  60  cycle, 
2400  volt,  900  r.p.m.  machines?  Would 


it  be  necessary  to  have  a  resistance  in 
the  .generator  circuit  to  avoid  oscilla- 
tion, and  if  so  what  percentage  of  the 
generator  reactance  would  it  have  to 
be?  Will  you  kindly  give  your 
opinion  as  to  the  advisability  of  this 
proposition.  M.c.   (n.v.  ) 

We  do  not  understand  what  can  be 
gained  by  the  interposition  of  a  motor- 
generator  set.  The  division  of  true 
power  is  only  dependent  upon  the 
governors  of  the  waterwheels,  head  of 
water,  etc.,  and  the  division  of  wattless 
current  upon  the  excitation  of  the  gen- 
erators, as  is  w-ell  known.  The  motor 
generator  set  is  a  flexible  link,  but 
parallel  operation  should  be  satisfactor>- 
without  it.  especially  if  damper  windings 
are  added.  C.J.F. 

1771 — Induction     Motor     Wi.vdings — I 
have   a    10   hp,   three-phase,   60   cycle, 
440  volt.   12  pole,  108  slots  horizontal 
motor.     I   would   like   to   change   this 
motor  to  6  poles,   but  on  account  o\ 
the  throw  of  coils   (I   and  8)   I  can't 
see  how  it  can  be  done  using  the  same 
throw  and  same  coils.       c.e.m.  (ariz  i 
This    motor    must    be    completely    re- 
wound to  take  care  of  the  change  to  six 
poles  satisfactorily.     It  will  probably  be 
more  satisfactory  to  purchase  the   new 
coils  directly  from  the  manufacturer  of 
the  motor,  as  in  this  way  you  will  avoid 
the    possibility    of    having    the    wrong 
number  of  turns  or  the  wrong  size  of 
wire,  etc.     The  manufacturer  should  be 
given  the  complete  winding  data  of  the 
motor,    including    the    style    and    serial 
number  from  the  name  plate.  P..B.R. 

1772 — Field  Discharge — To  what  ex- 
tent is  it  practice  to  dispense  with  field 
discharge  resistance  on  generator 
fields  using  instead  lightning  ar- 
restors,  and  what  has  been  the  results 
where  this  arrangement  has  been  used. 
I  noted  in  the  description  of  the 
Essex  Power  Station  of  N.  J.  on 
pages  30  and  32  of  the  Bulletin  Pub- 
lic Service,  N.E.L.A.  proceedings  of 
October  1915  the  following: — 

"Aluminum   cell   arrestors   are   con- 
nected across  the  field  terminals  of 
each    generator    to    absorb    the    'in- 
ductive kick'  or  rise  in  voltage   re- 
sulting   from    short-circuits    on    the 
high-tension   windings   and   disturb- 
ance   in    the    field    circuit.     Others 
are  also  connected  across   the   field 
of   the  exciters  to  prevent   reversal 
of    polarity.      It    is    expected    that 
these     arresters     will     prove     much 
superior  to  the  usual   discharge  re- 
sistance,   and    simplif}-    the     equip- 
ment.'' 
The  company  by  which  I  am  employed 
uses    both    field    discharge    breakers 
with  resistance  and  also  lightning  ar- 
restors connected  permanently   across 
the  fields  of  the  larger  power  units. 
H.E.T.   (pa.') 
The    use    of    lightning    arresters    in 
place    of    standard    field    discharge    re- 
sistors has  been  used  only  in  a  very  few- 
cases,  and  its   use  has  apparently  been 
of     an     experimental     nature.      Unless 
there  is  a  fair  proportion  of  resistance 
in   the   discharge  circuit,   the   use   of   a 
condenser    (arrester)    will   tend  to   pro- 
long the   oscillations,   although   possibly 
it    may    limit    the    value    of    the    initial 
counter    c.m.f.     to    a    somewhat    lower 
value  than  is  obtained  by  the  use  of  the 
resistance  alone.     Cost  has  much  to  do 
with    the   ordinary   application    of   pro- 
tection against  field  puncture.  h.a.t. 
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Years  ago  a  simple   table  giving  the 
Finding  ampeie-feet    for    a    given    drop    was 

the  Size  of       sufficient  for  determining  the  size  of 
Wire  wire  to  be  used  in  a  lighting  circuit. 

In  a  modern  power  transmission 
.system,  h()\ve\er,  new  and  varied  elements  arise  so  that 
the  problem  of  finding  the  size  of  wire  becomes  diffi- 
cult and  involved.  The  ideal  line  would  deliver  the 
same  voltage,  the  same  current  and  the  same  power 
that  it  receives.  Actual  lines  have  characteristics  which 
cause  one  or  more  of  these  factors  to  be  modified. 
The  three  line  characteristics  which  cause  this  modifi- 
cation are, — 

The  electric  circuit. 
The  magnetic  circuit. 
The  electrostatic  circuit. 

The  characteristic  of  the  electric  circuit  is  resist- 
ance. The  resistance  of  the  conductor  causes  a  modi- 
fication in  the  voltage  and  in  the  wattage.  The  char- 
acteristic of  the  magnetic  circuit  is  inductance.  A 
transmission  line  is  a  coil  of  a  single  turn.  The  in- 
ductance of  a  circuit  causes  a  modification  in  voltage 
but  not  in  current  or  wattage.  The  characteristic  of 
the  electrostatic  circuit  is  capacitance.  The  conductors 
constitute  the  plates  of  a  condenser.  The  capacitance 
causes  a  modification  in  current  but  not  in  voltage  or 
wattage. 

These  general  statements  require  proper  interpre- 
tation ;  for  instance,  capacitance  in  alternating-current 
transmission,  by  modifying  the  current,  also  modifies 
the  voltage  and  the  wattage  because  this  current  flows 
through  parts  of  the  circuit  possessing  resistance  and 
inductance.  It  is  due  to  these  that  the  voltage  and 
wattage  are  modified.  If  resistance  and  inductance  be 
negligible    the    capacitance   modifies   the    current    only. 

Other  features  are  leakage,  due  to  imperfect  in- 
sulation, and  corona,  both  of  which  modify  the  current 
and  the  wattage.  Line  resistance  and  inductance  are 
in  series  with  the  load  and  affect  the  voltage;  capaci- 
tance, corona  and  leakage  are  in  shunt  to  the  load  and 
affect  the  current.  Briefly,  this  states  the  principal  fun- 
damental relations;  in  actual  circuits  the  conditions 
may  become  involved  and  the  interrelations  intricate. 

These  features  have  a  direct  bearing  upon  the 
power  company  at  one  end  of  the  line,  the  consumer 
at  the  other  end  and  upon  the  line  itself.  The  con- 
sumer is  concerned  with  voltage  regulation ;  the  power 
company  with  the  loss  of  energy  in  the  line,  and  the 
line  itself  with  its  own  integrity,  i.e.  it  must  not  over- 
heat and  it  must  possess  adequate  mechanical  strength. 
The  voltage  drop  must  be  within  permissible  liinits  in 
order  that  the  regulation  will  be  commercially  satis- 
factory. The  power  loss  in  the  conductors  must  not 
be  excessive  and  must  not  cause  overheating.     Some- 


times the  linnting  element  is  the  voltage  drop,  si  me- 
times  it  is  the  power  loss,  sometimes  it  is  the  temper- 
ature rise,  and  sometimes  it  is  mechanical  strength. 

The  simplest  and  the  earliest  power  transmission 
was  by  direct  current ;  here  the  electric  circuit  alone 
is  of  importance;  resistance  is  the  dominating  factor. 
The  conductors  take  the  toll  from  the  passing  current 
in  two  forms  expressed  as  IR  and  PR.  Both  are  func- 
tions of  the  current  and  the  resistance. 

When  alternating  currents  came  into  use  new  ele- 
ments appeared.  The  drop  in  voltage  is  now  deter- 
mined not  only  by  resistance  but  by  inductance  also 
and  is  influenced  by  frequency,  by  power-factor  and  bv 
the  diameter  and  spacing  of  the  conductors.  The 
effects  of  the  magnetic  circuit  are  added  to  those  of  the 
electric  circuit ;  the  magnetic  flux  caused  by  the  cur- 
rent, as  well  as  the  flow  of  current  in  the  electric  cir- 
cuit enters  into  the  problem,  and  adds  to  the  difficulty  in 
determining  the  size  of  wire.  Furthermore,  the  effec- 
tive resistance  is  modified  in  large  conductors  by  un- 
equal distribution  of  the  current  in  the  conductor  it- 
self, the  so-called  skin  effect. 

When  transmission  voltages  become  high  then  the 
third  or  the  electrostatic  circuit  (negligible  in  its  ef- 
fects at  lower  voltages)  introduces  new  phenomena. 
The  electrostatic  field  surrounding  the  conductors 
causes  charging  current  with  its  consequent  effect 
upon  both  the  voltage  regulation  and  the  power  loss. 
The  electrostatic  field  also  produces  corona  loss.  The 
diameter  and  spacing  of  wires,  the  elevation  as  affecting 
the  baroiTjetric  pressure,  and  accidental  conditions  of 
fog,  and  sleet  and  snow  and  roughness  of  the  conduc- 
tors become  modifying  factors. 

The  entire  problem  of  determining  the  size  of  wire 
is  really  a  question  of  not  exceeding  permissible  limits 
in  any  one  of  a  dozen  different  particulars.  Some  fea- 
ture which  may  be  insignificant  in  ninety-nine  ca.ses 
may  become  the  dominating  one  in  the  hundredth.  The 
engineering  data  relating  to  these  various  elements  have 
been  accummulating  from  time,  .to  time  for  many 
years.  Phenomena  which  were  at  first  mysterious  and 
the  laws  of  which  were  not  understood  may  now  be 
expressed  by  definite  formulae  and  established  con- 
stants. Mr.  William  Nesbit  has  adopted  tjansmission 
line  data  as  a  sort  of  hobby  and  for  quite  a  number  of 
years  past  has  been  collecting  this  material  and  arrang- 
ing it  in  convenient  form.  His  articles  beginning  in 
this  issue  of  the  Journal  will  prove  serviceable  in  pre- 
senting, as  a  concrete  whole,  the  general  problem  of  the 
transmission  line  and  will  make  accessible  in  conven- 
ient form  the  data  which,  until  now,  has  not  been  in 
available  form  for  immediate  use.        Ciias.  F.  Scott 


Proslilsnit,  Amt^rloan  HjiisiUuto  of  jtlscirioal  Ji^nf^lnersrs 

Lewis   Bli  ki  i  v    S  i  n  iavell 

Consulting  Engineer,  New  York  City 

President,  American  Institute  of  Consulting  Engineers 

Past-President,  American  Institute  of  Electrical  Engineers 


IN  THE  EARLY  sufiiiiier  of  1887,  a  young  inaii  in 
Cincinnati  wrote  to  the  Westinghouse  Electric 
Company,  at  Pittsburgh,  making  appHcation  for  a 
position.  Mr.  Pease,  acting  vice-president,  sent  him 
"the  usual  turn  down  letter",  as  he  told  me  some  years 
afterward,  but,  said  Pease  "he  came  right  back  at  me  in 
a  way  that  made  me  think  I  should  like  to  have  that 
young  fellow  in  my  office".  And  so  Calvert  Townley, 
born  in  Cincinnati  October  18,  1864,  and  a  graduate  of 
Sh(  ffield  Scientific  School 
at  Yale,  class  of  '86,  cairie 
lo  Pittsbuigh  as  assi-lant 
to  Mr.  Pease.  'l"o  those 
who  know  him,  it  is  un- 
necessary to  ( .xplain  that 
he  had  not  been  idL'  dur- 
ing the  interval  between 
his  graduation  and  the  ap- 
plication to  the  Westing- 
house  Company.  He  had 
been  working  in  an  electric 
light  station  in  Cincinnati 
and  also  had  been  doing 
post-graduate  work  which, 
about  a  year  later,  secured 
for  him  the  M.  E.  degree 
from  Yale. 

In  those  days  H.  M. 
Byllesby,  now  president  of 
H  M.  Byllesby  &  Com- 
pany, of  Chicago,  was  vice- 
president  of  the  Westing- 
house  Electric  Company, 
and  the  selection  or  approv- 
al of  the  staff  which  the 
Company  was  building  up 
was  left  in  his  hands  by  the 
president,  Mr.  George 
Westinghouse.  The  latter  im|)os  d  but  one  condilion, 
namely,  that  Mr.  Byllesby  "should  appoint  none  but 
gent'emen."  It  was  easy  for  young  Townley  to  qualify 
as  regards  this  requirement.  On  his  father's  side  he  is 
descended  from  the  Townley  family  of  England,  while 
his  mother  was  a  Calvert,  of  the  famous  Maryland 
family  of  that  name. 

Those  were  busy  and  interesting  days  in  the  old 
shops  at  Garrison  Alley  and  Duquesne  Way.  About 
two  years  had  elapsed  since  Mr.  Westinghouse  had 
purchased  the  American  patents  of  Gaulard  and  Gibbs, 
covering  a  system  of  distributing  alternating  current 
for  lighting  purposes.  The  lamps  were  connected  to 
the  secondaries  of  transformers  whose  primaries  were 


conr.ected  in  series.  This  system  had  been  exhibited 
by  its  inventor  at  the  Exposition  at  Turin  in  1885. 
Starting  with  this  William  Stanley,  at  Great  Barring- 
ton,  had  produced  the  constant  potential  transformer. 
The  Lawrenceville  (Pittsburgh)  test  in  October  and 
November  1886,  had  demonstrated  that  by  using  six  of 
these  transformers  some  300  sixteen  candle-power  in- 
candescent lamps  could  be  supplied  at  a  distance  of 
more  than  two  miles  from  the  dynaino  by  curient 
transmitted  over  a  single- 
phase  circuit  consisting  of 
No   4  wire. 

Shallenberger  was  de- 
signing the  first  four  stand- 
ard transformers  of  the 
Westinghouse  Company,  an 
undertaking  which  he 
carried  out  with  wonderful 
success  at  a  time  when 
present  methods  of  calcu- 
lating the  relations  of  elec- 
trical and  magnetic  circuits 
were  unknown.  He  was 
also  designing  the  windings 
of  the  first  standard  line  of 
Westinghouse  alternators, 
upon  the  mechanical  feat- 
ures and  form  of  which  Mr. 
Albert  Schmidt  was  im- 
pressing the  stamp  of  an 
ability  which  later  brought 
him  general  recognition  at 
home  and  abroad,  as  the 
foremost  mechanical  design- 
er of  electrical  machinery 
in  the  world. 

Philip  Lange,  in  co-op- 
eration with  vShallenberger, 
J  ammeters  and  voltmeters, 
switches  and  the  many  other  details  needed  to  consti- 
tute a  commercially  operative  lighting  system.  Reine- 
nian  and  Erank  Stuart  Smith  were  completing  the 
lami)  factor)  and  manufacturing  incandescent  lamps. 
Charles  A.  Terry  and  his  i)artner  Franklin  Pope,  were 
filing  innumerable  applications  for  patents.  Mr.  West- 
inghouse, of  course,  was  dominating  all  activities,  sug- 
gesting, inventing  and  inspiring  all  with  his  ti-emendous 
energy  and  enthusiasm. 

All  this  constituted  a  thoroughly  congenial  atmos- 
phere for  a  man  like  Calvert  Townley.  While  the 
laboratory  and  the  shops  were  hard  at  work  inventing, 
designing  and   manufacturing  the  new  apparatus,   Mr. 
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Pease  and  his  young  assistant  under  the  direction  of 
the  president  and  vice-president,  were  quite  as  busy  de- 
veloping the  commercial  possibilities  of  the  situation. 

At  that  time  the  Edison  Company  was  practically 
the  only  one  in  the  United  States  exploiting  a  commer- 
cial system  of  incandescent  electric  lighting.  The 
Thompson-Houston  Company  at  Lynn,  and  the  Brush 
Company,  at  Cleveland,  were  actively  and  extensively 
introducing  the  arc  light,  as  also  was  Weston  at 
Newark,  but  in  the  great  field  of  incandescent  light- 
ing the  Edison  three-wire  system  had  practically  no 
competitor  until  Westinghouse  challenged  it  with  his 
alternating-current  apparatus,  and  the  attitude  of  the 
Edison  Company  toward  the  newcomer  could  not  be 
called  either  friendly  or  receptive.  It  can  readily  be 
imagined,  therefore,  that  the  work  of  selling  the  nev/ 
apparatus  in  quantities  sufficient  to  make  a  satisfac- 
tory financial  showing  was  not  easy;  and  in  all  frank- 
ness it  may  now  be  admitted  that  to  keep  some  of  the 
apparatus  sold  after  it  had  been  shipped  was  hardly  less 
difficult  than  to  effect  the  original  sale.  But  Mr. 
Byllesby  and  Mr.  Pease  were  a  strong  team  and  young 
Townley  promptly  proved  that  he  was  an  able  assist- 
ant— keen,  always  alert,  full  of  energy  and  possessing, 
even  in  those  early  days,  an  exceptional  insight  into 
human  nature.  He  was  recognized  immediately  as  a 
correspondent  and  sales  man  of  very  unusual  ability. 
He  kept  closely  in  touch  with  every  new  development 
in  shop  and  laboratory  and  if  there  was  anywhere  in 
the  commercial  field,  an  agent  of  any  other  company 
who  succeeded  in  scoring  a  point  against  the  young 
champion  of  the  Westinghouse  Company,  the  incident 
escaped  notice. 

No  sketch  of  ]\Ir.  Townley's  career  would  be  com- 
plete without  some  reference  to  the  Amber  Club,  which 
was  organized  shortly  before  Christmas  1886,  by  the 
late  J.  Holt  Gates,  Fred  Darlington  a  Yale  graduate, 
and  the  writer.  A  few  weeks  in  an  Allegheny  board- 
ing house  naturally  suggested  the  idea  of  a  small  lesi- 
dence  club.  Darlington  and  I  supplied  the  plan,  and 
Gates  provided  the  necessary  capital.  A  small  house 
on  North  Highland  Avenue  was  rented  and  a  steward 
and  housekeeper  installed.  During  the  following 
winter,  several  new  members  were  admitted.  Townley, 
of  course,  joined  the  Club,  and  from  that  time  its  affairs 
progressed  with  accelerating  velocity.  By  the  time  we 
numbered  eight  or  ten,  it  became  necessary  to  take  a 
larger  house  and  the  Bailey  place,  at  the  corner  of  Penn 
Avenue  and  Murtland  Avenue,  Homewood,  including  a 
large  and  comfortable  house  and  several  acres  of 
ground,  was  leased.  The  members  coming  from  many 
different  colleges  not  only  thoroughly  enjoyed  their  life 
together  but,  filled  with  enthusiasm  and  most  keenly 
interested  in  the  rapid  development  of  the  new  system, 
learned  much  from  each  other  by  incidental  conference 
and  discussion. 

From  the  time  he  joined  the  Club,  Calvert  Townley 
was  one  of  its  leading  spirits.  His  interest  in  athletics 
was  of  the  keenest  and  many  were  the  competitions  in 


tennis,  quoit  pitching,  billiards,  etc.  due  to  his  hair 
trigger  initiative  and  tireless  energy. 

Before  he  married  and  left  the  Club,  the  roster  in- 
cluded a  number  of  names,  since  well  known,  in  the 
electrical  and  mechanical  field,  among  others,  Charles 
F.  Scott,  Ralph  D.  Mershon,  E.  H.  Wells,  H.  F.  Du 
Puy,  Reginald  Belfield,  F.  S.  Smith,  Charles  I.  Young, 
Arthur  Davis,  Edward  Levis,  Philip  and  Henry  Barton, 
Alexander  Wurts,  A.  Saunders  Morris,  Arthur  Hart- 
well,  William  Blunt,  and  O.  H.  Baldwin.  Mr.  Townley 
is  the  fourth  among  those  early  members  of  the  Club 
to  be  elected  president  of  the  American  Institute  of 
Electrical  Engineers. 

Mr.  Byllesby  and  Mr.  Pease  severed  their  connec- 
tion with  the  Westinghouse  Company  in  1890,  and  the 
former  was  succeeded  as  vice-president  by  the  late 
Lemuel  Bannister,  a  man  of  mature  years  and  wide 
business  experience  to  whom  the  Westinghouse  Com- 
pany of  the  present  day  owes  much  for  his  able  and 
tireless  work  during  the  difficult  days  of  the  early  90's, 
when  the  Company,  carrying  on  a  rapidly  expanding 
business  involving  abnormal  development  costs  and  in- 
adequately supplied  with  capital,  encountered  several 
years  of  severe  trial. 

Mr.  Bannister  at  once  recognized  Calvert  Town- 
ley's  ability  and  made  him  his  principal  assistant  in 
handling  the  commercial  side  of  the  business.  This 
position  Mr.  Townley  held  for  several  years,  earning 
the  complete  confidence,  regard  and  admiration  of  his 
official  superior  and  of  his  associates.  He  developed 
executive  ability  of  a  very  high  order. 

As  an  illustration  of  his  fertility  of  resource,  it 
may  be  permissible  now  to  disclose  a  secret  of  those 
strenuous  days.  Each  day  Townley  had  a  session  with 
the  vice-president  during  which  the  more  important 
questions  raised  by  the  day's  correspondence  were  dis- 
cussed and  the  decisions  of  the  vice-president  obtained. 
It  happened  that  Mr.  Bannister  had  a  habit  of  watch- 
ing the  decreasing  pile  of  letters,  as  Townley  presented 
one  matter  after  another  and  transferred  those  passed 
upon  to  another  pile,  and  when  about  half  had  been 
disposed  of,  the  vice-president  would  say  "I  think, 
Townley,  we  shall  have  to  let  the  rest  go  until  to- 
morrow." Mr.  Townley  immediately  invented  a 
method  of  surmounting  the  difficulty.  He  added  to  the 
daily  pile — at  the  bottom,  of  course — a  number  of 
dummy  letters,  sufficient  practically  to  double  its 
height.  The  result  was  that  thereafter,  when  approxi- 
mately one-half  of  the  letters  which  he  took  with  him 
to  the  vice-president's  office  were  disposed  of,  the  en- 
tire ground  had  been  covered  so  far  as  he  was  con- 
cerned. At  that  time  Townley  and  I  shared  a  large 
flat  topped  desk  and  I  shall  never  forget  his  half  boyish 
expression  of  triumph  when  he  used  to  return  to  his 
seat,  opposite  mine,  and  announce  "Got  'em  all  fixed." 

Remarkable  energy  he  always  possessed  and  a 
keen  insight  into  human  nature,  which  was  of  great 
value  to  him  and  to  the  Company.  With  this  endow- 
ment and  a  personality  which  won  him  friends  every 
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where,  success  was  assured  and  his  career  since  that 
time  has  been  no  surprise  to  those  who  knew  him  then. 
He  remained  with  the  Westinghouse  Company  continu- 
ously until  1904,  serving  in  many  capacities  including 
those  of  manager  of  the  Boston  office,  assistant  to  the 
first  vice-president  and  general  agent.  In  1904  he  re- 
signed from  the  Company  and  became  acting  fourth 
vice-president  of  the  New  York,  New  Haven  &  Hart- 
ford Railroad  Company,  in  charge  of  electrification  in 
and  near  New  York,  subsequently  becoming  first  vice- 
president  of  the  Consolidated  Railroad  Company 
(afterwards  the  Connecticut  Company)  which  operated 
and  later  owned  some  thirty  odd  electric  railway, 
power,  gas  and  water  utility  corporations  in  New  Eng- 
land. As  vice-president  of  the  New  Haven,  he  was 
responsible  for  the  decision  of  that  Company  to  adopt 
the  single-phase  system — a  decision,  among  the  most 
momentous  in  the  history  of  railway  electrification  in 
America. 

In  191 1  Mr.  Townley  returned  to  the  Westing- 
house  Electrical  &  Mfg.  Company — this  time  assuming 
executive  duties  as  assistant  to  the  president  and  taking 
charge  of  many  unrelated  activities  which  the  Com- 
pany's rapid  expansion  had  created.  As  president  of 
the  Lackawanna  &  Wyoming  Valley  Railroad  Company 
he  operated  and  was  active  in  the  financial  reorganiza- 
tion and  sale  of  the  property.  He  was  vice-president 
of  the  Niagara,  Lockport  &  Ontario  Power  Company 
until  the  Westinghouse  interest  in  that  utility  was  dis- 
posed of.  He  has  continued  to  serve  the  company  a's 
an  officer  or  director  in  many  of  its  subsidaries,  as 
well  as  to  represent  it  on  the  boards  of  outside  corpor- 
ations. He  toured  Europe  in  1913  in  the  interest  of 
the  Westinghouse  foreign  company  holdings  and  in 
1914-15  made  a  six  months'  survey  of  South  America, 
skirting  the  entire  continent.  In  1917-8  with  character- 
istic energ)'  he  pushed  to  a  successful  and  prompt  con- 
clusion the  construction  of  the  Essington  factories  and 
new  town  of  South  Philadelphia  in  the  Delaware  River 
\' alley. 

In  1901  Mr.  Townley  became  a  member  of  the 
American  Institute  of  Electrical  Engineers.  He  has 
been  one  of  the  most  active  and  useful  members  of  the 
Institute,  serving  with  exceptional  ability  and  energy  as 
chairman  and  member  of  many  committees,  and  as  a 
manager  and  vice-president.  The  scope  and  import- 
ance of  his  more  recent  work  for  the  engineering  pro- 
fession are  indicated  by  the  following  list  of  official 
positions  which  he  either  now  holds  or  has  held  within 
the  last  few  years : — 

Chairman,   Electrolysis   Committee,   American 
Electric  Railway  Association. 

Representative  of  A.  E.   R.   A.   on  .American 
Committee  on  Electrolysis. 


Chairman,  Public  Policy  Committee,  Ameri- 
can Institute  of  Electrical  Engineers. 

Chairman,  Committee  on  Development,  Amer- 
ican Institute  of  Electrical  Engineers. 

Member,  Edison  Medal  Committee.  American 
Institute  of  Electrical  Engineers. 

Member  of  Engineering  Council  (was  its  first 
secretary). 

Member  Pan-American  Engineering  Com- 
mittee, American  Institute  of  Electrical  Engineer.-?. 

Chairman,  Water  Conservation  Committee, 
Engineering  Council. 

Member,  Reconstruction  Committee,  Engi- 
neering Council. 

Member,  Engineering  Foundation. 

Trustee  and  vice-president,  United  Engineer- 
ing Society. 

Member  of  Finance  Committee,  United  En- 
gineering Society. 

Member,  Executive  Committee,  Yale  Engi- 
neering Association. 

The  following  are  among  the  papers  recently  pre- 
sented by  Mr.  Townley: — 

I — Paper  entitled  "Some  Possibilities  of  Steam 
Railroad  Electrification  as  Affecting  Future 
Policies"  presented  at  the  348th  meeting  of  the 
A.  I.  E.  E.  Boston,  March  14,  1919. 

2 — An  address  before  eighteen  participating 
Societies  in  the  Engineers'  Symposium,  held  in 
New  York,  March  26,  1919,  entitled  "The  Relation 
of  the  Engineer  to  Legislation". 

3 — Hydro-Electric  Development  Statement 
submitted  to  the  special  committee  of  the  Chamber 
of  Commerce  of  the  United  States  on  "Water 
Power  Development",  January  14,  1918,  on  behalf 
of  the  Engineering  Council. 

Those  who  have  watched  his  career  believe  that 
no  man  better  qualified  by  ability  and  by  long  and 
varied  experience  has  ever  been  chosen  president  of 
the  American  Institute  of  Electrical  Engineers.  His 
election  to  that  important  position  comes  at  a  highly 
opportune  time  when  the  Institute,  like  all  the  other 
great  national  engineering  societies,  is  facing  new  con- 
ditions, which  present  new  opportunities  and  demand  in 
exceptional  degree  foresight,  resourcefulness  and  sound 
judgment  on  the  part  of  its  officers.  Mr.  Townley  re- 
sides in  New  York  City  and  belongs  to  the  Engineers, 
Yale,  Automobile,  .Scarsdale,  Railroad  and  Bankers' 
Clubs. 
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THE  SERIES  of  articles  on  transmission  circuits,  of  which  this  is  the  first,  undoubtedly  contains  the 
most  complete  data  on  this  subject  which  has  ever  been  published.  Recognizing  that  the  majority  of  trans- 
mission line  calculations  represent  relatively  short  distances,  ordinary  voltages  and  small  amounts  of  power, 
and  that  they  are  based  upon  assumptions  as  to  load,  power-factor,  etc.,  which  at  best  are  only  approxi- 
mate, the  author  has  included  tables  and  charts  from  which,  by  several  different  methods,  reasonably 
accurate  results  can  be  obtained  almost  at  a  glance.  Such  approximate  methods  are  very  valuable  for 
this  type  of  work,  as  they  allow  a  ready  comparison  of  regulation,  line  losses,  etc.,  at  different  voltages 
and  with  different  sizes  of  wire.  These  approximate  methods  will  include  the  well-known  Mershon  and 
Dwight  charts,  which  are  quite  accurate  for  all  but  very  long  or  high-voltage  lines.  They  also  include 
numerous   tables   entirely  original   with  the  author. 

For  longer  transmission  lines,  larger  amounts  of  power  and  higher  voltages,  more  accurate  methods 
of  treatment  are  necessary.  Exact  methods  of  calculating  such  circuits  are  given  both  by  the  convergent 
series  method  ,nnd  also  by  the  use  of  hyperbolic  functions.  In  addition,  for  the  use  of  those  who  prefer 
graphical  short-cut  methods  there  is  included'a  group  of  hitherto  unpublished  charts  by  Mr.  T.  A.  Wil- 
kinson, the  results  from  which  check  very  closely  with  the  most  exact  mathematical  solutions.  Being  to 
some  extent  a  compilation,  the  series  includes  the  latest  formulas,  methods  and  charts  of  such  engineers 
as  Kennelly,  Dwight,  Peek  and  others  who  have  been  more  than  generous  in  their  cooperation.  To  illus- 
trate the  use  of  the  various  methods,  64  problems  covering  lines  from  10  to  500  miles  in  length,  are  solved 
as  examples,  using  both  the  short  cut  and  the  more  e\;act  methods  of  solution. 

Because  it  is  believed  this  series  of  articles  may  prove  of  great  value  to  many  engineers  who  have 
not  had  the  advantages  of  a  technical  education,  or  who  have  become  rusty  on  such  subjects,  the  first  few 
articles  are  devoted  to  a  discussion  of  Jthe  fundamental  principles  upon  which  the  solution  of  all  trans- 
mission line  problems  are  based.  Throughout  the  whole  series,  it  has  been  the  author's  aim  to  make  the 
treatment  simple  and  easy  to  understand,  even  at  the  risk  of  being  tedious.  It  is,  of  course,  not  possible 
to  include  a  course  of  mathematics  in  such  a  brief  scries  and  the  mathematical  solutions  can  only  be  fol- 
lowed by  those  who  have  had  some  mathematical  training.  For  those  who  have  not  had  such  a  training, 
the  charts  and  tables  should  prove  of  immense  benefit.     CEd.) 
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THE  transmission  oi  alternating-current  power  in- 
volves three  separate  circuite,  one  of  which  is 
composed  of  the  wires  forming  the  transmission 
Hne,  while  the  others  lie  in  the  medium  surrounding  the 
wires.  The  constants  of  these  circuits  are  interde- 
pendent ;  although  any  one  may  vary  greatly  from  the 
others  in  magnitude.*  There  is  first  the  electric  cir- 
cuit through  the  conductors.  Then  since  all  magnetic 
and  dielectric  lines  of  force  are  closed  upon  themselves 
forming  complete  circuits  there  is  a  magnetic  and  a 
dielectric  circuit.  The  magnetic  circuit  consists  of 
magnetic  lines  of  force  encircling  the  current  carryini^^ 
conductors  and  the  dielectric  circuit  the  dielectric  lines 
of  force  terminating  in  the  current  carrying  conductors. 
The  close  analogy  of  these  is  given  in  Table  A,  a  care- 
ful study  of  which  will  help  those  not  familiar  with  the 
subject  to  a  clearer  understanding  of  what  happens  in 
an  alternating-current  transmission  circuit. 

For  a  unidirectional  constant  current  the  magnetic 
field  remains  constant,  and  similarly  for  a  unidirectional 
constant  voltage  the  dielectric  field  is  constant.  With 
both  the  (jurrent  and  the  voltage  unidirectional  and  con- 
stant, the  electric  circuit  alone  enters  into  the  calcula- 
tions. A  changing  magnetic  flux  introduces  a  voltage 
into  the  electric  circuit  which  modifies  the  initial  or 
impressed  voltage.  This  effect  of  the  magnetic  circuit, 
which  is  measured  by  the  inductance  L,  storing  the 
energy  o.§i'L,  is  a  function  of  the  current,  and  hence 
is  of  most  importance  in  dealing  with  heavy  current 
circuits.     Similarly  a   changing  electrostatic   flux  adds 

*For  a  further  descripti<in  of  these  circuits  see  "Alternat- 
ing Currents"  by  Prof.  Carl  E.  Magnusson,  from  which  Figs. 
I  to  S  are  reproduced  with  the  permission  of  the  author. 


(vectorially)  a  current  to  the  main  power  current. 
This  effect  of  the  dielectric  circuit,  which  is  measured 
by  the  capacitance,  storing  the  energy  o.je^C,  is  a  func- 
tion of  the  voltage,  and  hence  is  of  most  importance  '.n 
dealing  with  high-voltage  circuits. 

■'  In  an  alternating-current  circuit,  both  the  voltage 
and  the'  current  are  continually  varying  in  magnitude, 
and  morever,  reversing  in  direction  for  each  successive 
half  cycle.  Therefore,  with  alternating  currents, 
energy  changes  occur  continuou.sly  and  simultaneously 
in  the  interlinked  magnetic,  dielectric  and  electric  cir- 
cuits. 

Figs.  I  to  5  inclusive  illustrate  the  magnetic  and 
dielectric  field  surrounding  conductors  carrying  current. 
Figs.  I  and  3  represent  respectively  the  magfnetic  and 
dielectric  circuits  when  the  conductors  are  far  apa't 
and  Figs.  2  and  4  when  they  are  close  together.  -Fig. 
5  repre.sents  the  resultant  of  the  superimposed  mag- 
netic and  dielectric  fields. 

The  magnetic  field  surrounding  a  conductor  which 
is  not  influenced  by  any  other  field  is  represented  by 
concentric  circles.  This  field  is  strongest  at  the  surface 
of  the  conductors  and  rapidly  decreases  with  increasing 
distance  from  the  conductor  as  indicated  by  the  spac- 
ing of  the  lines  of  Figs,  i  and  2. 

The  dielectric  stresses  surrounding  conductors  are 
represented  by  lines  drawn  radially  from  the  con- 
ductor. The  strength  of  the  dielectric  field  likewise 
decreases  with  the  distance  from  the  conductor  as  is 
indicated  by  the  widening  of  the  space  between  the 
lines.  The  magnetic  and  the  dielectric  lines  of  force 
always  cross  each  other  at  right  angles,  as  shown  in 
Fig.  '3. 
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RESISTANCE  OF  COPPER  CONDUCTORS 
In  Table  I  the  resistance  per  thousand  feet  is  listed 
and  in  Table  II  per  mile  of  single  conductor.  Values 
are  given  for  both  solid  and  stranded  copper  conductors 
at  both  loo  and  97.3  percent  conductivity  and  corres- 
ponding to  various  temperatures  between  zero  and  75 
degrees  C.  The  foot  notes  with  these  tables  cover  all 
of  the  pertinent  data  upon  which  the  values  are  based. 
The  resistance  values  in  Table  I  corresponding  to 
temperatures  of  25  and  65  degrees  C.  were  taken  from 


2.6585    ohms    (mil-foot)    temper- 
•    2658.5    ohms    (mil,    1000    feet). 


FIG  1  FIG  i 

MAGNETIC  FIELD  OF  SINGLE  CONDUCTOR  \  MAGNETIC  FIELD  OF  CIRCUIT 

THE    WAGNETIC    CIRCUIT 


FIG,  3 
DIELECTRIC  FIELD  OF  SINGLE  CONDUCTOR  DIELECTRIC  FIELD  OF  CIRCUIT 

THE     DIELECTRIC    CIRCUIT 


FIG.  6    COMBINED  DIELECTRIC  AND  MAGNETIC  CIRCUITS 

THE     ELECTRIC    CIRCUIT 

Bulletin  31  of  the  Bureau  of  Standards  issued  April  ist, 
1912.  The  resistance  values  (taking  into  account  the 
expansion  of  the  metal  with  rise  in  temperature)  for  the 
other  temperatures  were  calculated  in  accordance  with 
the  following  rule  from  page  10  of  Bulletin  No.  31. 

The  change  of  resistivity  of  copper  per  degree  C.  is 
a  C(jnstant,  independent  of  the  temperature  of  reference 
and  of  the  sample  of  copper.  This  resistivity-temperature 
constant  may  be  taken  for  general  purposes  as  0.0409  ohm 
(mil  foot). 

As  an  illustration :— A  2  0oocxdo  circ.  mil  stranded 
copper  conductor  at  100  percent  conductivity,  has  't 
resistance  of  0.00623  ohm  per  1000  feet  at  65  degrees  C. 
Required  to  calculate  its  resistance  at  zero  degrees  C. 


65X0.0409 

ature    correction 

2658.5 

r^  o.ooi^^  ohm  change  m  resistance.  0.0062? 

2  000  000 

— 0.00133  =  0.0049  ohm  resistance  at  zero  degrees  C. 
It  has  been  customary  to  publish  tables  of  resist- 
ance values  based  upon  a  teinperature  of  20  degrees  C. 
and  100  percent  conductivity.  The  operating  tempera- 
tures of  conductors  carrying  current  is  usually  con- 
siderably higher  than  20  degrees  C.  and  therefore  cal- 
culations based  upon  this  temperature  do  not  often  re- 
present operating  conditions.  Neither  does  copper  of 
100  percent  conductivity  represent  the  usual  condition 
for  transmission  circuit  copper,  whose  average  conduct- 
ivity is  probably  nearer  97.3  percent.  The  values  in 
Tables  I  and  II  furnish  a  comparison  of  resistance  for 
annealed  and  hard  drawn  copper  of  stranded  and  solid 
conductors  at  various  temperatures  based  upon  the  new 
"Annealed  Copper  Standard". 

SKIN    EFFECT 

A  solid  conductor  may  be  considered  as  made  up 
of  separate  filainents,  just  as  a  piece  of  wood  is  made 
up  of  separate  fibres.  As  a  stranded  conductor  is 
actually  made  up  of  a  number  of  separate  wires,  such 
a  conductor  will  be  considered  in  the  following  ex- 
planation. The  inductance  of  the  various  wires  of  the 
cable  will  be  different,  due  to  the  fact  that  those  wires 
near  the  center  of  the  cable  will  be  linked  by  more  flux 
lines  than  are  the  wires  near  the  outer  surface.  The 
self-induced  back  e.m.f.  will  therefore  be  greater  in  the 
wires  located  near  the  center  of  the  cable.  The  higher 
reactance  of  the  inner  wires  causes  the  current  to  dis- 
tribute in  such  a  manner  that  the  current  density  will 
be  less  in  the  interior  than  at  the  surface.  This  crowd- 
ing of  the  current  to  the  surface  or  "skin"  of  the  wire 
is  known  as  "skin  effect". 

Since  the  self-induced  e.m.f.  is  proportional  to  the 
frequency  as  well  as  to  the  total  flux  linked,  the  skin 
effect  becomes  more  pronounced  ai:  higher  frequencies 
of  the  impressed  e.m.f.  It  also  becomes  greater  the 
larger  the  cross-section,  the  greater  the  conductivity 
and  the  greater  the  permeability  of  the  conductor. 

.^s  a  result  the  effective  resistance  of  a  conductor 
to  alternating  current  is  greater  than  to  direct  current. 
The  effective  resistance  of  nonmagnetic  conductors  to 
alternating  current  may  be  obtained  by  increasing  their 
direct-current  resistances  by  the  percentages  in  Table 
B,  which  were  derived  by  the  foimulas  in  Pender's 
Handbook.  Thus  the  ohmic  resistance  of  a  1000000 
circ.  mil  cable  is  approximately  8.4  percent  greater  at 
60  cycles  than  its  resistance  to  direct  current  at  a  tem- 
perature of  25°C.  If  the  temperature  of  the  conductor 
is  65°C,  its  60  cycle  ohmic  resistance  will  be  approxi- 
mately 6.4  percent  greater  than  its  direct-current  re- 
sistance. The  practical  result  of  skin  effect  is  to  re- 
duce the  carrying  capacity  of  large  cables.  As  in- 
dicated by  the  values  in  Table  B,  skin  effect  may  be 
neglected  when  employing  non-magnetic  conductors  ex- 
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cept  in  the  use  of  \crv  large  diameters.  It  is  usinl  to 
manufacture  cables  of  very  large  diameter,  esi)eciai!y 
for  service  at  high  frequencies,  with  a  non-conducting 
core.  In  case  of  magnetic  conductors,  such  as  steel  wire 
or  cable,  as  is  some  times  used  for  long  spans  or  short 
high  voltage  feeders,  skin  effect  must  be  carefully  con- 
sidered.* 

TABLE  A— COMPARISON  OF  THE  THREE  CIRCUITS 


a  m:i,-^- 
1    value 


The  Electric  Circuit 

The  M.\g.\'etic  Circuit 

The  Dielectric  Circuit 

Current     / 
X'oltage    E=RI 
Electric  Power 

Magnetic  Flux    </>                                Dielectric  Flux     ''' 
Magnetomotive  Force    f=;i  1          Electromotive  Force  E=.Q/C 
Magnetic  Energy                                  Dielectric  Energy 

Resistivity 
Resistance  R—Jl'/P 


Reluctivity 
Reluctance 


R 


Inductance  L^^<j>/i 


Reactance  .r^=  wL — t/icC 


Impedance  z  =  )/ 


+  .1-- 


Conductivity  7 

/    g=lV/E' 
Conductance    I 


Permeability  y.  =  B I H 
Permeance  it/=  0  I  J,irF 


Admittance  y^\  I z 


INDUCTANCE 

Any  moving  mass,  for  instaiice  a  flywheel  in 
motion,  will  resist  a  change  in  velocity.  That  is,  the 
inertia  of  the  moving  mass  will  tend  to  keep  the  ma^.s 
moving  when  disconnected  from  the  source  of  power. 
On  the  other  hand  the  inertia  will  oppose  any  effort 
to  speed  up  the  movement  of  the  mass. 

In  a  similar  manner,  the  inductance  of  an  electric  by  Chart  I.  The  magnetic  density  due  to  the  return 
circuit  resists  a  change  in  current.  The  cause  of  in-  circuit  (conductor  B)  is  indicated  in  outline  by  broken 
ductance  in  an  electric  circuit  is  the  magnetic  field  which  lines.  The  horizontal  divisions  represent  the  distance 
surrounds  the  circuit.  When  the  current  changes  this  from  the  center  of  conductor  A  and  the  height  of  the 
magnetic  field  changes  correspond- 
ingly, and   in   effect  cuts  the   con-   TABLE  B— INCREASE  OF  EFFECTIVE  RESISTANCE  DUE  T01SKIN|EFFECT. 


\ienlly  large,  a  thousandth  part  of  it,  called  the  111  lli- 
heiiry,  is  the  usual  ])ractical  unit.  This  unit  is  the  co- 
efficient of  self-induction  and  is  represented  l)y  tlie 
letter  L. 

niSIKlBL'TlON    OF   FLUX 

When  current  Hows  through  a  conductor 
nelonioti\e    force    (iii.m.f.)    is    established    of 

proportional  to  the  current. 
This    m.m.f.     is     of     zero 
value  at  the  center  of  the 
conductor  and  increases  as 
the  square  of  the  distance 
from   the   center   until    the 
surface  is  reached.      (This 
statement  as  well  as  those 
following  is  based  upon  the 
assumption    of    a    uniform 
distribution    of    current 
throughout    the    conductor, 
the     conductor     being     of 
non-magnetic   material  and 
located     i  n     non-magnetic 
surroundings,  such  as  air).     At  the  surface  it  becomes 
maximum  for  a  given  current  and  remains  at  this  maxi- 
mum value  for  all  distances  beyond  the  surface.     It  is 
customary  to  think  of  the  magnetic  field  surrounding 
conductors  as  concentric  circles  of  lines  of  force. 

A   physical   picture  of  the  magnetic  field  density 
surrounding  a  current  carrying  conductor  A  is  shown 


Elastivity    \IK 
Elastance     S 
Capacitance  C= 


IE 


\    Permittivity    h 
Permittance 
(Capacitance) 
Susccptance  h^^xl r 


ductor,  producing  an  e.m.f.  in  it. 
This  e.m.f.  of  self  induction  has 
such  a  direction  as  to  resist  the 
change  in  current.  \\  hile  the  cur- 
rent is  increasing,  energy  is  stored 
in  the  magnetic  field  and  while  the 
current  decreases,  the  magnetic 
stored  energy  is  returned  to  the 
electric  circuit.  This  effect  of  the 
electric  current  on  the  surrounding 
space  is  termed  magnetic  induction. 
Unit  of  Inductance — When  a 
rate  of  change  of  current  of  one 
ampere  per  second  produces  an 
e.m.f.  of  one  volt,  the  circuit  is  said 
to  have  a  unit  of  inductance  called 
a  henry.     The  henry  beinj  incon- 

*Rcferenccs : — For  a  bibliography  on  the  subject  of  skin 
effi:ct  see  article  "Experimental  Researches  on  Skin  Effect  in 
Conductors"  by  A.  E.  Kennelly,  F.  A.  Laws,  and  P.  H.  Pierce 
in  A.  I.  E.  E.  Trans.,  Vol.  34,  Part  II  of  Sept.  1915.  This 
article  ctids  with  a  bibliography  on  the  subject  embracing  a 
very  complete  list  of  articles. 

"Calculation  of  Skin  Effect  in  Strap  Conductors"  by  H. 
B.  Dwight  in  Electrical  World,  March  11,   IQ16. 

"Skin  Effect  in  Tubular  and  Flat  Conductors"  by  H.  B. 
Dwight  in  A.  1.  E.  E.  Trans,  for  1918. 


For  various  sizes  of  solid  copper  rods.     For  stranded  conductors  of  equivalent  cross 
sectional  area  the  skin  eflect  is  practicilly  the  same  as  for  the  solid  conductor. 


<   - 

0 

c  c  0 

.£  ^  c 

c  c 

Percent  Increase  of  Copper  Wires  Above  the  Direct-Current 

Kesistiince  Due  to  Alterniiting- Currents  of 

Different  Frequencies 

Based    Upon   Direct ■  Current    Re- 
sistance at  25  Degrees  C. 
(77   Degrees  F.) 

Based   Upon   Direct  Current    Re- 
sistance  at  65  Degrees  C. 
(149   Degrees   P.) 

12~ 
U 

U 

071 
0 
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U 

15 
Cycles 

2.5 
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0"^ 

0 
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1               1 
78.6          1.7          4.5 
70.4          1.3          3.7 
61.4          1.1          3.0 

1 

10.9       22.1        67.0 
9.0        18.5       60.0 
7.3        15.0       51.8 

I  500  000 
1  200  000 
1  000  000 

1.412 
1.263 
1.152 

1.225 
1.096 
1.000 

1 
1.3    1    3.4 
0.8       2.1 
0.6       1.5 

8.4 
5.5 
3.8 

17.4 
11.7 
8.4 

57.3          O.B          2.6 
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1                 1 
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0.2    1      0.4    1      2.0 

1 

curve  measured  vertically  the  intensity  of  tlie  field  at  the 
corresponding  distance.  The  radius  of  the  conductor 
has  been  assumed  as  unity,  and  maximum  field  density 
(always  at  the  surface  of  the  conductor)  as  100  percent. 
The  intensity  of  the  magnetic  field  starts  at  zero  at 
the  conductor  center,  and  increases  (with  uniform  dis- 
tributifin  of  current  in  the  conductor)    direct!}'  as  the 
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distance  from  its  center  until  its  surface  is  reache'I, 
where  it  becomes  maximum.  For  distances  beyond  the 
surface  of  the  conductor,  the  field  intensity  varies  in- 
versely as  the  distance  from  its  center. 


The  intensity  of  the  magnetic  field  at  any  point  is 
proportional  to  the  m.m.f.  acting  at  that  point  and  in- 
versely proportional  to  the  length  of  its  circular  path 
(magnetic    reluctance).     Thus   at    the    surface   of    the 


TABLE   I— RESISTANCE  PER  1000  FEET 
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,226 
.286 
360 

Z38 
378 

246 
310 
391 

L 
7 
9 

Zt>Z44 
Za  8ZZ 

/^s/z 

364 
4S9 
379 

3»7 
488 
.611 

39^ 
498 
628 

.403 
.SO  8 
640 

418 
SZ8 
6iS 

442 
SS7 
702~ 

46S 
S86 
739 

481 
606 
764 

374 
47  Z 
.S9S- 

398 
SOZ 
633 

4-07 
S/Z 
64S 

41S 
S23 
6S7 

.430 

.vr43 
.68.r 

4-r4 

S7Z 
722 

477 
60Z 
.7S9 

,494 
623 

78.r 

larly 
:jnre 
the 


Ohms  per   1000  feet   of  anneiile  I 


nto  account  skin  effect.  This  should  be  considere.l  when  the  larger  conductors  are  used,  pnrlicu- 
■e  has  been  made  for  incre.iscd  length  due  to  sag  when  the  conductors  are  suspended..  The  resist- 
e    two    percent    greater    than    for   a    solid   rod    of    cross -section    equal    to    the    total    cross-section    of 


Those  resistance  values  do  not  tak< 
at  the  hisrher  frequencies.  No  allow 
values  for  the  strandel  conductors 
liros  of   the   cable. 

The  clums-c  »f  resistivity  of  copper  per  desrree  C.  is  a  constant  in'epen:*ent 
This    resistivity -tcaipera'ture    constant    is    0.0409    ohm     (mil.    foot).     The   funda 
d   copper  standard,   viz.   0.15:128  ohm    (meter,   gram)    at  20   degrees  C. 
For  sizes  not   given   in   the   table  computations  may  be  made  by  the  following  formulas  which  were  used  in  calculating  the  above  table:  — 
.   ..-     .                r.              10787  *    ^-     ,  r,  12457 

pper  at  2o  degrees  C~ — 777- r; — ;  at  60  decrees  C 


~     Circ.   mils 


Circ.   mils 
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conductor  tlie  ni.in.f.  reaches  its  maximum  because  all 
of  the  current  of  tlie  conductor  is  acting  to  produ'-e 
m.m.f.  at  this  and  all  points  beyond.  On  the  other 
hand  the  circular  path  subject  to  this  maximum  m.m.f. 
is   shortest  at   tlie  surface,   the   reluctance  a  minimum 


and  consenuenlly  the  held  intensity  is  greatest.  For 
points  beyond  the  surface  the  length  of  the  circular 
path  through  air  is  proportional  to  the  distance  from 
the  center  of  the  conductor.  Thus  at  a  distance  of  2 
from  the  center  the  circular  path  is  twice  as  long  as  at 


TABLE   II— RESISTANCE   PER  MILE 

OF    COPPER    CONDUCTORS    AT    VARIOUS    TEMPERATURES 

STRANDED    CONDUCTORS 


6 

z 

CO 
CO 

AREA 

CIRCULAR 
MILS 

OHMS    PER    MILE   OF   SINGLE   CONDUCTOR            | 

ANNEALED  COPPER 

100%    CONDUCTIVITY 

HARD  DRAWN  COPPER 

97.3%  CONDUCTIVITY 

o°c 

32°  F 

I5°C 
59°  F 

2crc 

68°F 

25°C 
77°  F 

35°C 
95°F 

50°  C 
I22°F 

65°C 
I49°F 

I67°F 

0°C 
32°F 

I5°C 
59°  F 

20°C 
68°F 

25°C 
77°  F 

35°C 
95°F 

50°C 

I22°F 

65°C 
I49°F 

75°C 
I67°F 

0000 

Z 000 000 
1  <^oo  000 
1  800 000 

.023-S 

02,7/ 

02.74 
oasf 

O30S 

.oxf4 
03/ 1 

0Z8S 
0301 

03I7 

■  OZ9S 
03I2. 
.0329 

03/2 
0330 
0347 

03Z9 
0347 
.0366 

O340 
0359 
037f 

0J65 
0278 
OZ94 

02S2 
0296 

o3;4 

028? 
.030  1 
0320 

0293 
,0304 

.0  325 

0304 
0320 

0338 

032/ 
0338 
.0357 

0337 

035^6 
0  375 

0349 
.0368 
0389 

1  700 000 
1  i,0o  000 
/  SOO  000 

0303 
032.2 

.0344 

0323 
.0342 
OZkS 

0329 
034? 
0373 

033(, 
.0357 
O380 

.0348 
.037^ 
■  0394 

03h8 
.0391 
0417 

0388 
04(2 
0439 

0400 
04I.S 
0454 

.03/2 
.0331 
.0353 

.033/ 
0352 

0375 

0339 
0358 
0382 

.0344 
0367 
039/ 

035-8 
038/ 

0405 

0377 
0402 
0427 

0398 

0422 
045/ 

04/2 
0438 

<34<'7 

/  •400000 
/ 300000 
I7Q0OOO 

.o:ikS 
0429 

03^1 
0422 
04-S'7 

o3f9 
0430 
046S 

0408 
0439 
047S 

.0423 
045^ 
04'?3 

0447 
0482 
0520 

0470 
OSO7 
OSSO 

0487 
0523 
0565" 

.0  378 
.0407 
04+2 

0402 

0433 
O470 

04/0 
0442 
0478 

.04/8 
045/ 
0489 

0435 
o4te 
05-07 

.0459 
0495- 
.0534 

0484 

0S2I 
OSiS 

.osoo 
OS39 
0S8Z 

1 100  oao 

/  doo 000 

9S0  000 

0467 
OSiS 
.OS38 

0498 
OSSO 
0  5  77 

.0.507 
osio 
OS87 

0SI8 
OS70 
O&03 

OS39 
OS9Z 
0624 

OS72 
0623 

o6.r6 

OS97 
OCi,0 
0693 

Oi,/8 
0682 
07/3 

04  82 
0528 
05"  55 

0SI2 
0593 

05"2/ 
0577 
o603 

,05-33 
.05-87 
Oil8 

OSSi 

.  0608 
.0  640 

0.S  87 
0640 
0672 

OilS 
Oi.7S 
07IO 

.0634 

.oi99 
07-30 

')oo  000 
8SOO00 
goo  000 

■  OS7I 
oioS 
.064-5 

O&08 
.0(,46 
06?7 

06/ff 
OiSS 
oC9S 

0635 
0  6  72 
07/3 

0  65-.5- 
Ok9S 
0740 

.Oi.93 
073S 
07?3 

0730 
0778 
.08ZS 

07SI 
0803 
.  08SI 

OS87 
0623 
0  6  40 

.0623 
.0660 
07O3 

0  6  35- 
0  672 
07/S 

Oi,SO 
Oi,98 
073S 

.0672 
07/3 
0762 

.0708 
075-5- 
.0  803 

0  75-0 
079S 
084S 

0772 
o82  5 
.0873 

7SO  000 
700 oao 
6S0  000 

okSS 
073S 
0793 

072f 
07S3 
084^ 

.  0740 
0798 
081,1 

076/ 
0814 
0  878 

0788 
.OS46 
.09/0 

0830 
0894 
0962 

0878 
0940 
/OZ 

090s 
0973 

/OS 

0708 
075-6 
,  0  SIS 

07SI 
O803 
,oS67 

0762 
08/f 
0883 

.078Z 
.0835 
0900 

0808 
0866 
0930 

.O8S0 
09/S 
.0990 

0900 

09(>S 
loe, 

092s 
.  /  00 
/O? 

600  000 
5 SO  000 
SOO 000 

.08S7 
.ofSS^ 
.  /03 

.09/S 
099S 
-110 

0930 

101 

IIZ 

09SZ 
1 04 
114 

.0988 
■  107 
.119 

.104 
.113 
IZS 

/  /  0 
/Zl 
/3Z, 

1 14 

IZ4 
I3i> 

.087S 
0963 
1  Oi, 

0  94<^ 

lOZ 

//3 

0957 

./o4 
IIS 

0978 
./07 

.  117 

1  OZ 
.III 
IZZ 

IZ8 

113 
IZZ 
I3S 

in 

IZl 

140 

■4SOOO0 

^00  oao 
3.S0  000 

"4 
./Z9 
/47 

JZZ 
137 
/S7 

.  IZ4 
.140 
IkO 

127 
143 
./63 

J3Z 

148 
Ji.9 

139 
167 
.178 

.I4i, 
li,S 
188 

/SI 
170 
I9S 

lis 
I3Z 
ISl 

/2S 

141 
l&Z 

.  127 

.  144 

/&S 

131 
147 
li>7 

J3(, 
/SZ 

174 

143 

.li,l 

183 

ISO 
.14,8 
.193 

/St, 
I7S 
ZOO 

300  000 
z^o 000 
Zi 1  600 

.17/ 
Zoi, 
243 

/83 
219 
ZS9 

197 
2Z4 
264 

.190 
ZZ8 
ZU9 

197 
237 
2S0 

Z08 
2S0 
Z9t- 

.220 
2^3 

3/  / 

ZXi, 
272 
322 

.  I7& 
Zl  1 
Z49 

188 
22s 
266 

I9Z 
230 
272 

.Iff. 
23S 
277 

203 
.24  3 
.288 

2/4 
ZS8 
303 

ZZi 
Z70 
320 

,233 
.280 
.330 

000 
00 

0 

/67  772. 
/33  079 
JOS  SiO 

30(i 
387 
4Sli 

32& 

41  Z 

szo 

333 
.42.0 
J-2  8 

341 
4ZS 
S40 

35-3 
^60 

372 
.470 
.S9Z 

392 

49^5' 
624 

40.? 
SIZ 
C4S 

3IS 
398 
5-02 

335 
423 
53.^ 

342 
4-32 
5-45" 

35-0 

442 
555- 

363 
4.57 
.  >576 

3S3 
476 
608 

402 
SIO 
640 

.4/i> 
S27 

.  66/ 

1 

z 

3 

i,C>3S9 
SZ&S.-^ 

i,lZ 
777 
178 

liSS 
.S2S 
/  04 

.  i,&S 
240 
/  07 

682 
/  09 

708 
89S 
1  IZ 

74s 
942 
1.19 

.797 
99s 
/  2S 

8iS 

/  0  3 
/  30 

630 
798 
/  0  1 

672 

84S 
/  07 

.  682 
.g>62 
/  /O 

697 

883 
/  IZ 

730 
.91S 
A/6 

766 
968 
/  22 

8/0 
/  02 

/  29 

835- 
/  OS 
/  33 

4 
S 

-i-l  7-38 
33  078 

1   Z3 
1  .Si, 
1  'ii, 

/  31 
/.lei, 

Zof 

/  34 
/69 
2  13 

/  37 
1  73 
2/7 

1. 42 
1  SO 
226 

/SI 

1  89 

2  39 

/  S8 
/  99 
2  SI 

/  63 
2  OS 
2  S9 

1  27 

/   hO 

2  0  1 

/  3S 
2.14 

/  38 
/  73 
2.20 

/■4I 
1  78 
2.Z4 

/46 
/.84 
2  32 

/  SS 
/■9S 
24S 

/  6/ 
Z04 
Z  S8 

1  i7 

2  11 
Zi'i- 

7 

2o92Z 
fi  5IZ 

Z.4S 
3/Z 

2  63 

3  32 

2. AS 

3  38 

2  74 

3  46 

Z84 
3  S8 

3  01 
378 

3  It, 

3  99 

3  27 

4  13 

2  SS 
32/ 

2-71 
3.41 

2  7S 

3  48 

Z  8Z 

3  SS 

2  93 
3.69 

3  09 
3  89 

3  ZS 

4.1  0 

335- 
4  24 

SOLID   CONDUCTORS 

0000 
000 
00 

zn  too 

/(,777Z 
/  33  079 

Z38 
30  1 
380 

ZS4 
320 

404 

ZS9 

327 

4IZ 

2  64 
333 
.420 

.274 
346 
.43<> 

2^9 
36^ 
460 

30s 
384 
4  8S 

3IS 
397 
SOI 

245" 
309 
390 

Zi,/ 
329 
.41S 

.Z64> 
423 

.272 
.342 
.432 

282 
35-5- 
450 

.298 
.375- 
473 

3/2 
39s 

497 

.323 
408 

SIS 

0 

/ 
z 

/0SS60 
S3i,94 
Lt^ZS'S 

47* 

.603 

760 

SOf 
t.40 
80S 

SZO 
.i,SS 
.8ZS 

SZ% 

iktc 

840 

SSO 
693 
S72 

S8Z 

73S 
92s 

6/3 
77  Z 
97Z 

635" 
798 
/  01 

492 
il8 
783 

S22 
&SS 
830 

.535- 
672 
.84.S- 

.S4S 

.  &80 

862 

.^65- 
■  708 
.  900 

.597 
.  75-5- 
■  9SO 

i,28 
793 

/  00 

&S0 

ezo 

/  03 

3 

5 

SZCZ4 
41  738 
33  og-S" 

1   Zl 
1  S3 

/  oz 

/  62 

1  04 
13) 
/  66 

/  06 
J. 34 
1  C9 

III 
1  39 
1  7S 

1  lb 
1  47 

/  ■ss 

1  23 

/  SS 
/  9S 

/  Zl 

1  60 

2  OZ 

'?83 
/  24 
/  57 

/  OS 

1  32 
/  67 

1  07 
1  3S 
1  70 

110 
/  38 
/  73 

/  /4 
/  43 
/.80 

1/9 
/SI 
/  90 

/  26 
/  S9 
z  00 

/  30 

/64 
2  07 

7 

Zi,Z44 

ZO  szz 

/«  SI2 

If  3 
Z  43 
3  0  t> 

Z  OS 
2S8 
3  Zi> 

z  09 

2  63 

3  33 

2  lA 
Z   <o9 

3  3-? 

2   2/ 

2  79 

3  5-/ 

2  33 

2  94 

3  7/ 

z  46 

3  10 

3  90 

Z  S4 

3  ZO 

4  04 

/  98 
249 
3   14 

2  10 

2  65" 

3  35- 

2   IS 
2    7/ 
3.4  1 

220 
2  77 
347 

■S-Z7 

2  87 

3  62 

2  40 

3  OZ 
3  8Z 

X  SZ 

3/8 
4.0  2 

2  6/ 

4?1 

These  resistance   values   do   not   take   into   account   skin   effect.      This   should   be  considered   when   the   larger   conductors   are  used,   particu- 
larly  at   the   higher   frequencies.      No   allowance  has   been   made   for  increased  length  due  to  sag  when  the  conductors  are  suspended..      The  resist- 


od    of 


-section    equal    to   the   total    cross- section   of 


the    stranded    conductors    are    two    percent    greater    than    for   a    solid 
the  wires  of  the  cable. 

The  change  of  resistivity  of  copper  per  degree  C.  is  a  constant  independent  of  the  temperature  of  reference  and  of  the  sample  of  cop- 
per. This  resistivity -temperature  constant  is  0.0409  ohm  (mil,  foot).  The  fundamental  resistivity  used  in  calculating  this  table  is  the  an- 
nealed  copper   standard,   viz.   0.15328   ohm    (meter,   gram)    at  20   degrees  C. 
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a  distance  of  /  (its  surface)  and  consequently,  although 
the  m.m.f.  is  the  same  the  reluctance  is  double,  per- 
mitting only  one-half  as  great  a  flux  to  flow  as  at  the 
surface.  For  a  similar  reason  the  density  of  the  field 
at  a  distance  of  10  is  one-tenth  the  surface  density;  at 
50  it  is  one-fiftieth,  etc.  The  curve  of  field  density  be- 
yond the  surface  of  the  conductor  therefore  assumes 
the  form  of  a  hyperbola. 

Inside  conductor  A  the  field  density  is  represented 
by  a  straight  line  joining  the  center  of  the  conductor 
to  the  apex  of  the  density  curve,  represented  as  100  per- 
cent.    Suppose  it  is  desired  to  determine  the  field  den- 

CHART   l-INDUCTANCE 

PHYSICAL    PICTURE    ILLUSTRATING   THE        ^ 
MAGNETIC    FLUX     DENSITY    SURROUND-        » 
ING    A    CONDUCTOR    CARRYING    DIRECT 
CURRENT   ISKIN    EFFECT  ABSENTI  WITH 
EFFECT  OF   RETURN  CIRCUIT  IGNORED 


The  m.m.f.  resuhing  from  equal  currents  is  the 
same  for  all  sizes  of  conductors.  Thus  the  field  den- 
sity at  points  equally  distant  from  the  center  of  dif- 
lerent  sizes  of  conductors  carrying  equal  currents  is 
equal  provided  these  points  lie  beyond  the  surface  of 
the  larger  conductor.  For  points  equally  distant  from 
the  center  of  different  size  conductors  which  lie  inside 
the  conductors  the  density  will  be  different.  Thus  if 
the  conductor  diameter  carrying  equal  current  be  re- 
duced to  one  half,  the  m.m.f.  at  its  surface  will  remain 
the  same,  but  since  the  flux  path  at  the  surface  is  now 
onlv  one-half  as  long,  the  flux  density  at  the  surface 


FORMULA 

TOTAL  INDUCTANCE   i 


DOTTED  AREA  REPRESENTS  THE  MAGNETIC  FtUX  FIELD 
RESULTING  FROM  CURRENT  IN  CONDUCTOR  A-  THE 
PORTION  OF  THIS  AREA  CONTAINING  CROSS  SECTION 
LINES  REPRESENT  THE  FLUX  DUE  TO  CURRENT  IN  CON 
DUCTOR  A  WHICH  IS  EFFECTIVE  IN  PRODUCING  INDUCT 
ANCE  IN  CONDUCTOR  A  THIS  EFFECTIVE  FLUX  AREA 
IS  DIVIDED  INTO  THREE  SECTIONS  TO  THE  LEFT  THAT 
EFFECTIVE  WITHIN  CONDUCTOR  A  IN  THE  MIDDLE  THAT 
EFFECTIVE  BETWEEN  THE  TWO  CONDUCTORS  AND  TO 
THE  RIGHT  THAT  WHICH  IS  EFFECTIVE  THRU  CON 
'DUCTOR  B 


MILLIHENRIES  ID  PER  1000  FEET  OF  EACH  CONDUCTOR    L-0  0I6M+ 0  1403  LOG      0 


sity  at  a  point  midway  between  the  center  and  surface 
of  the  conductor.  .\t  this  poiiU  the  length  of  the  cir- 
cular path  is  one  half  its  length  at  the  conductur  sur- 
face. Since  the  current  distributes  uniformly  througn- 
out  the  cross-section  of  the  conductor,  at  a  point  mid- 
way between  the  center  and  its  surface,  one-fourth  of 
the  total  current  would  be  embraced  by  the  circle.  The 
m.m.f.  corres])onding  to  this  point  would  therefore  be 
one-fourth  its  value  at  the  surface.  With  one-fourth 
m.m.f.  and  one-half  the  surface  leluctance  the  result- 
ing density  will  be  one-half  of  its  surface  density  jis 
shown  by  this  value  falling  on  the  straight  line  at  this 
distance  from  the  center. 


will  be  twice  as  great.  In  other  words,  the  magnetic 
field  density  at  the  surface  of  conductors  having  differ- 
ent diameters  but  carr\i:i;;  the  same  currents  is  in- 
verselv  proportional  to  their  radii. 

The  area  indicated  by  cross-sectional  lines  on  the 
inductance  chart  refiresents  the  amount  of  inductance 
effective  in  conductor  A  resulting  from  current  in  this 
conductor.  It  will  be  seen  that  the  total  area  between 
the  adjacent  surfaces  of  the  conductors  /  to  9  below 
the  flux  density  line  is  eft'ective.  This  part  of  the  in- 
ductance follows  a  logarithmic  curve  as  illustrated  :m 
the  chart  and  is  represented  by  the  furnnila. 


/;-  A' 
A  =  o.i./o^j  lof^vt—p- 


.(/) 


THE  ELECTRIC  JOURNAL 


285 


Where  L  is  in  millihenries  per  1000  feet  of  single 
conductor. 

The  effective  flux  area  departs  from  the  flux  den- 
sity line  at  E  dropping  down  in  the  form  of  a  reverse 
curve  and  terminating  in  zero  at  //.  All  flux  to  the 
right  of  //  cuts  the  whole  of  both  conductors  producing 
the  same  amount  of  inductance  in  both  of  them  in  such 
a  direction  as  to  oppose  or  neutralize  each  other. 

The  flux  cutting  conductor  B  from  p  to  //  has  it.s 
full  value  of  effectiveness  in  producing  inductance  in 
conductor  ./.  On  the  other  hand  it  also  produces  to 
a  less  extent  inductance  in  conductor  B  but  in  a  direc- 
tion to  oppose  that  which  it  produces  in  conductor  A 
The  difference  between  that  produced  in  conductors  A 
and  B  is  the  effective  flux  producmg  inductance  in  the 
circuit  and  is  represented  by  the  shaded  portion  through 
conductor  B  within  the  area  E-g-ii-T-E.  To  illustrate 
how  the  effective  flux  curved  line  E-T-ii  was  deter- 
mined, suppose  it  is  required  to  determine  the  effective 
flux  at  the  distance  10  (center  of  conductor  B).  At 
this  point  the  flux  density  is  ten  percent,  but  since 
these  flux  density  lines  are  actually  concentric  circles, 
having  their  center  at  the  middle  of  conductor  A  this 
flux  density  curve  cuts  conductor  B  in  the  form  of  an 
arc  (see  lower  right  hand  corner  of  inductance  chart). 
The  area  of  the  shaded  portion  between  the  two  arcs  is 
a  measure  of  the  inductance  in  conductor  B  at  its  cen- 
ter. The  difference  between  this  shaded  area,  and  the 
whole  area  of  B,  or  the  clear  part  to  the  right  of  the 
shaded  portion,  is  a  measure  of  the  difference  in  induct- 
ance of  the  two  conductors.  In  other  words,  for  the 
spacings  shown,  approximately  55  percent  of  ten  r,- 
5.5  percent  is  the  value  of  the  effective  flux  at  distance 
of  10  from  conductor  A. 

D-R 
If  in  place  oi  L  =  o./^oj/  Irgw  =  —p-    (/) 


L  =  o./^oj7  /c>j,',i. 


{^) 


we  include  all  of  the  inductance  area  out  to  the  vertical 
line  O-io.  This  would  include  the  area  E-O-T  but  not 
the  area  T-io-ii.  Since  these  two  areas  are  equal,  the 
omission  of  one  is  balanced  by  including  the  other  and 
therefore  formula  (2)  correctly  takes  into  account  all 
of  the  effective  inductance  be}'ond  the  surface  of  con- 
ductor .]. 

The  inductance  within  conductor  A  is  determined 
as  follows : — At  a  point  midway  between  the  center  and 
its  surface  the  flux  density  is  50  percent  as  indicated  bv 
the  straight  flux  density  line  of  the  chart.  However  .it 
this  point  only  one-fourth  of  the  conductor  area  is  en- 
closed, so  that,  measured  in  terms  of  its  effect  if  outside 
the  conductor,  its  effectiveness  would  be  only  one-fourth 
of  50  or  12.5  percent.  This  is  the  reason  that  the  so- 
called  effective  flux  line  is  curved  and  falls  to  the  right 
of  the  straight  flux  density  line.  The  area  of  the  trian- 
gular section  O-i-ioo  is  a  measure  of  the  effective  in- 
ductance within  conductor  A.  This  is  a  constant  for 
all  sizes  of  solid  conductors  and  is  represented  by  the 


constant  0.01524  of  the  inductance  formula  based  upon 
1000  feet  of  conductor. 

The  fundamental  formula  for  the  total  effective 
inductance  (within  and  external  to  conductor  ^)  of  a 
single  solid  non-magnetic  conductor  suspended  in  air  is 
therefore : 

/.  =  0.01^24  -f  0.1403^  logm  -p  per  looo/t {3) 


L  =  0.0S04J  -\-  0.74' /s  logw—j^  per  mile (/) 

It  may  be  interesting  to  note  here  that  the  above 
described  graphical  solution  for  inductance  produces  re- 
sults in  close  agreement  with  these  obtained  by  the  fun- 
damental formula  for  inductance.  That  is,  lay  out  such 
a  chart  on  cross  section  paper  to  a  large  scale  and  count 
the  number  of  squares  or  area  representing  the  internal 
and  the  external  inductance  due  to  current  in  conductor 
A.  It  will  be  seen  that  the  relative  values  of  the  ex- 
ternal and  internal  flux  areas  conform  with  the  relative 
values  as  determined  by  the  formula.  This  will  also 
be  true  in  the  case  of  the  conductors  when  so  placed  as 
to  give  zero  separation,  as  illustrated  by  Fig.  6. 

VARIATIONS   FROM    THE   FUNDAMENTAL   INDUCTANCE 
FORMULA 

It  has  been  proven  mathematically  by  the  Bureau 
of  Standards  and  others  that  the  fundamental  formula 
(3)  for  determining  inductance  will  give  exact  results 
for  solid,  round,  straight,  parallel  conductors,  provided 
skin  and  proximity  effects  are  absent.  Proximity  ef- 
fect is  the  crowding  of  the  current  to  one  side  of  a 
conductor,  due  to  the  proximity  of  another  current 
carrying  conductor.  It  is  similar  tc  skin  effect  in  that 
it  increases  the  resistance  and  decreases  the  inductance. 
Proximity  effect  as  well  as  skin  effect  changes  only  the 
inductance  due  to  the  flux  inside  the  conductor.  Proxi- 
mitv  effect  is  more  pronounced  for  large  conductors, 
high  frequencies  and  close  proximity. 

For  No.  0000  solid  conductors  at  zero  separation 
and  60  cycles,  the  error  in  the  results  (as  determined  by 
the  fundamental  inductance  formula)  due  to  skin  ef- 
fect is  less  than  one-tenth  of  one  percent.  This  error, 
however,  increases  rapidly  as  this  size  of  the  conductor 
increases.  Proximity  effect  cannot  be  calculated  but  it 
is  believed  to  be  less  than  two  percent  in  the  above  case. 

Should  skin  and  i)roximity  effect  combined,  be 
sufficient  to  force  all  of  the  current  out  to  within  a  very 
thin  annulus  at  the  surface  of  the  conductor  (a  condi- 
tion obviously  never  obtained  at  commercial  frequen- 
cies) their  combined  effect  would  be  a  maximum.  In 
such  a  case  there  would  be  no  'nductance  within  the 
conductors  and  the  first  constant  0.01524  would  dis- 
appear from  formula   (3). 

Skin  and  proximity  effect  are  so  small  in  the  case 
of  the  greater  spacings  of  conductors  required  for  high- 
tension  aerial  transmission  circuits  that  they  may  in 
such  cases  be  ignored.     Even  in  the  case  of  the  close 
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INDUCTANCE   IN   MILLIHENRIES  (j.)  PER   1000   FEET  OF   EACH  CONDUCTOR  OF  A  SINGLE-PHASE  OR  OF  A  SYMMETRICAL  3  PHASE  CIRCUIT     THE  TABLE  VALUESIWERE 
DERIVED  FROM  THE  EQUATION  L-0.0IB24+  0.1403  LOG      ^     WHEN  R  IS  THE  RADIUS  OF  CONDUCTOR  AND  D  DISTANCE  BETWEEN  CENTERS  OF  CONDUCTORS  EX(»RE9S£D 
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spacings  required  for  three  conductor  cables  these  com- 
bined effects  are  usually  less  than  four  percent. 

EFFECT    OF    STRANDING    ON    INDUCTANCE 

The  fundamental  formula  (3)  for  determinint;  in- 
ductance is  based  upon  a  solid  conductor,  R  being  taken 
as  the  radius  of  the  conductor.  In  stranded  cables  the 
effective  value  for  R  lies  between  the  actual  radius  ami 
that  of  a  solid  rod  having  an  equivalent  cross-section  o 
that  of  the  cable.  The  effective  value  for  R  varies  witn 
the  stranding  of  the  cable  employed. 

Formulas  for  use  in  determining  the  inductance  of 
stranded  cables  when  used  for  high-tension  aerial  trans- 
mission have  been  calculated  by  Mr.  H.  B.  Dwight  as 
follows : — 

^.7f6  I) 
For  a     7-wire  cable,  /,  =  o.y^t  /o»w  — '-, —  fj) 

■c  •  .1      /  ,         -^  ^-Z"  ^ 

For  a  19-wire  cable,  /-  =  o.y/i  /()<,' in  — -p (6) 

2.6<>s  n 
For  a  37-wire  cable,  L  =  i>.74i  logw -, (7) 

3  590  D 
For  a  6i-wire  cable,  L  =  o.y //  /ogw  — ^ (.S') 

where  L  is  in  millihenries  per  mile  of  a  single  conductor, 
D  is  the  spacing  between  centers  of  cables,  and  d  is  the 
outside  diameter  of  the  cables  measured  in  same  units 
as  D. 

SFIKALING    EFFECT    UPON    INDUCTANCE 

Spiraling  of  the  strands  of  a  cable  and  spiraling  (if 
the  conductors  of  a  three-conductor  cable  tend  to  in- 
crease the  inductance.  It  is  difficult  to  calculate  the 
c;ffect  of  spiraling  for  the  various  cases,  but  it  may  be 
considered  negligible  for  high-tension  aerial  transmis- 
sion circuits  using  non-magnetic  conductors.  For 
three-conductor  cables  the  effect  of  spiraling  is  probably 
in  the  neighborhood  of  two  percent. 

Values  for  inductance  per  thousand  feet  of  single 

conductor  are  given  in  Table  III,  for  commercial  sizes 

of  copper  and  steel   reinforced  aluminum  conductors. 

The  formula  by  which  the  values  were  derived  are : — 

D 

L  =  0.01  f:24  -\-  0.1403  loe:w  —j^ (j) 

where  L  =  Millihenries  per  1000  feet  of  single  conductor  of  a 
single  phase,  or  of  a  symetrical  three-phase  circuit. 
D  ^  Distance  between  centers  of  conductors. 
A'  ^  Radius    (to  be  measured  in  same  units  as  /?)    of 
solid    conductor.     In    the    case    of    stranded   con- 
ductors, R  was  taken  as  the  radius  of  a  solid  rod 
of  equivalent  cross-section  to  that  of  the  stranded 
conductors. 
Table  III  has  been  carried  out  to  three  figures  only. 
This    would    seem    sufficiently    accurate    for    working 
values  when  it  is  considered  that  there  are  numerous 
sources   of   variation    from   the   calculated   values.     In 
the  first  place  formulas  are  based  upon  a  uniform  dis- 
tribution of  current  throughout  the  cross  section  of  the 
conductors,  whereas  the  current  is  seldom  uniform  and 
in  the  larger  conductors,  especially  at  60  cycles,  may  be 
to  a  large  extent  crowded  to  the  outer  strands  as  a 
result  of  skin  effect.     This  condition  is  further  modi- 


lied  when  the  conductors  are  placed  close  together,  by 
the  proximity  effect.  Stranded  conductors  made  up  of 
.various  stranding  combinations  result  in  variation  of 
inductance  of  several  percent.  In  practice  the  length 
and  spacing  of  conductors  will  vary  more  or  less  from 
those  assumed  when  determining  the  calculated  values. 

The  values  for  inductance  of  stranded  conductors 
in  Table  III,  as  stated  above,  were  derived  by  taking  R 
as  the  radius  of  a  solid  rod  having  an  equivalent  cross- 
section  area  to  that  of  the  stranded  conductors.  Thi.';S 
for  I  otx)  000  circ.  mil  cable  the  outside  diameter  is 
1. 152  in.  and  that  of  an  equivalent  solid  iron  is  i.o  in. 
R  was  therefore  in  this  case  taken  as  0.5  in.  The  ef- 
fective radius  is  really  slightly  greater  than  that  of  the 
solid  rod  and  less  than  that  of  the  cable,  varying  with 
the  stranding  employed.  The  actual  inductance  of 
cables  will  therefore  be  slightly  less  (usually  two  or 
three  percent)  than  those  indicated  in  the  table  for 
solid  rods.     The  table  values  are  Iherefore  conservative. 

The  steel  core  of  steel  reinforced  aluminum  cables 
carries  so  little  current  on  account  of  its  relatively 
greater  resistance  that  for  practical  purposes  it  has  been 
customary  to  ignore  its  presence  and  to  consider  such 
conductors  as  solid  rods  of  same  area  as  that  of  the 
aluminum  strands.  In  the  absence  of  accurate  data 
this  practice  was  followed  m  determining  the  values  for 
inductance  of  such  cables  in  Table  III. 

The  minimum  value   for  inductance  occurs  when 

the  conductors  have  zero  separation  -5-  =  ^,  (Fig.  6). 
In  this  case  the  inductance  in  millihenries  is  independent 
of  the  size  of  the  conductor.  As  given  by  formula  (3) 
it  is  L  ^  0.0^124.  -\-  0.140J  log^g  2-=^  0.05/3  millihen- 
ries per  1000  feet  of  each  conductor.  Obviously  in- 
sulation requirements  will  not  permit  of  such  a  low 
value  for  inductance  although  it  will  be  closely  ap- 
proached in  low  voltage  cables. 

Any  given  percentage  difference  in  distance  be- 
tween centers  of  conductors  represents  a  definite  and 
constant  value  in  inductance  regardless  of  their  size. 
These  values  are  given  in  column  B  at  the  bottom  of  the 
table  for  various  percentages  increase  in  spacings. 
Thus  if  the  distance  between  conductor  centers  is  in- 
creased 50  percent  the  corresponding  increase  in  in- 
ductance is  0.025  as  indicated  in  column  B,  under  the  J^ 
values  of  1.50.  Likewise  doubling  the  distance  in- 
creases the  inductance  by  an  amount  of  0.042.  For  in- 
stance the  table  value  for  inductance  of  No.  o  solid 
copper  conductor  is  for  one-half  inch  spacing  0.084,  'ind 
for  one  inch  spacing  0.126  (an  increase  of  0.042.)  For 
four  foot  spacing  the  table  value  is  0.362,  and  for  eight 
foot  spacing  0.404,  also  a  difference  of  0.042. 

References: — An  article  by  Prof.  Charles  F.  Scott,  "In- 
ductance in  Transmission  Circuits"  in  The  Electric  Journal 
for  Feb.  igo6  very  clearly  covers  the  field  of  self  and  mutual 
inductance  external  to  the  conductors. 

H.  B.  Dwight,  "Transmission  Line  Formulas." 
V.   KarapetofF,   "The   Magnetic   Circuit"  p.   189. 
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THE  recent!}'  opened  Hotel  Pennsylvania,  which 
adjoins  the  Pennsylvania  Terminal,  New  York 
City,  is  of  special  interest  from  an  electrical 
standpoint  because  it  is  not  only  the  largest  in  the  world 
hut  is  also  one  of  the  most  magnificent,  and  was  planned 
to  be  second  to  none  in  comfort  and  convenience.  No 
expense  was  spared  that  would  add  to  the  excellence  of 
its  construction  or  improve  its  service  to  guests,  and  in 
consequence  its  elect rica 
equipment  may  be  regarded  as 
representing  the  highest  type 
of  installations  of  this  char- 
acter. 

FEATURES  OF  THE  HOTEL 
SERVICE 

A  detailed  description  of 
the  hotel  itself  would  be  out 
of  place  here,  but  fome  of  its 
most  unusual  features  will  be 
of  interest.  There  are  alto- 
gether 2  J  DO  bed  rooms,  and 
each  has  a  fully  equipped 
bath.  All  rooms  are  on  the 
outside,  and  as  the  plan  of 
the  bed-room  floors  reseiribles 
an  E  with  its  vertical  stroke 
facing  north,  most  of  the 
rooms  have  a  southerly 
exposure. 

The  interior  decora- 
tions are,  like  the  exteri- 
or, simple  but  hand- 
some. The  great  lobby 
resembles  a  Roman  atri- 
um with  its  marble  col- 
umns, classical  ornamen- 
tation and  beautifully 
stained  glass  skylight. 
The  architectural  styles 
of  the  other  concourse 
rooms  are  equally  sim- 
ple, the  main  restaur- 
ant, grill  room  and  ball 
room  being  reminiscent 
of  the  early  Italian  ren 
aissance  and  the  men's 
cafe   being   Georgian  in 

character.  The  bed  room  walls  have  neither  pictures 
nor  wall  paper,  but  are  finished  in  soft  monotones.  The 
furniture,  rugs,  hangings,  lighting  fixtures,  and  eventlie 
silverware  are  in  harmony  with  their  surroundings  and 
gain  their  atttactiveness  mainly  through  their  pleasing 
lines  and  proportions. 

The  rooms  are  equipped  with  a  number  of  novel  con- 
veniences, such  as  running  ice  water  and  lights  at  the 
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heads  of  the  beds,  but  the  most  striking  is  found  in  the 
doors  to  the  rooms.  The  door  used  is  called  the  "servi- 
dore"  and  differs  from  the  ordinary  door  in  having  a 
hollow  interior  which  forms  a  closet  about  six  inches 
deep  and  about  five  feet  high.  A  supplementary  door 
on  each  side  permits  access  to  this  closet  from  both  the 
room  and  the  hall,  li,  for  example,  a  guest  wishes  to 
have  a  suit  pressed,  he  places  it  within  the  servidore  and 
phones  the  hotel  central.  The 
next  morning  he  finds  it  there 
cleaned  and  pressed,  ai  the  at- 
tendant has  removed  it  from 
the  hall  side,  given  it  to  the 
tailor,  and  later  replaced  it. 
In  the  same  way  breakfast, 
newspapers,  and  almost  every- 
thing else  desired  by  the 
guest  can  be  supplied  him 
without  the  inconvenience  of 
having  to  open  the  door  and 
admit  the  hotel  attendant.  A 
signal  shows  when  the  article 
ordered  is  in  the  servidore. 

Among  the  other  features 
of  the  hotel  service  are: — 
two  Turkish  baths  and  plung- 
es, one  for  men  and  one 
1  for  women;  a  small  kit- 
chen on  every  bedroom 
floor  for  the  quick  prep- 
aration of  breakfasts  to 
be  served  in  rooms;  a 
bedroom  floor  reserved 
solely  for  women;  a  com- 
bination ice-skating  rink 
and  dancing  floor;  a  hos- 
pital in  which  major  op- 
erations can  be  per- 
formed; a  well  stocked 
library;  a  telautograph 
system  for  transmitting 
orders  and  messages 
from  the  hotel  central  to 
the  various  departments; 
and  last,  but  not  least, 
the  absence  of  disturb- 
ing noises,  due  to  the  use 
of  sound  proof  floors  and  walls  and  the  careful  selection 
of  all  the  machinery  in  the  hotel. 

THE    POWER   SUPPLY 

Lhuler  ordinary  circumstances  power  from  the 
local  central  station  would  undoubtedly  have  been  used 
to  supply  this  hotel,  if  for  no  other  reason  than  to  elim- 
inate the  smoke,  dirt,  coal,  ashes  and  noise  unavoidable 
with  a  private  plant.     But  as  the  Pennsylvania  Railroad 
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has  two  large  power  houses  in  the  immediate  vicinity — 
one  in  Long  Island  City  for  train  operation  and  the 
other  in  the  Penns\-l\-ania  Terminal  to  serve  that  huild- 


supii 


,ith 


power 


t  rom 


ing — the  hotel  is  naturall 
these  stations. 
Hence  though 
not  on  the  lines 
of  a  central  sta- 
tion, the  hotel  is 
actually  an  ex- 
cellent example 
of  central  sta- 
tion practice. 

The  Long 
Island  Citv 
Power  Plant  is 
connected  with 
the  terminal 
plant,  so  that 
the  hotel  has  the 
benefit  of  two 
independent 
sources  o  f  sup- 
ply. Power  is 
furnished  in  the 
form  of  three- 
phase,  60-cycie, 
1 1  000  volt,  al- 
ternating   c  u  r- 

rent  and  is  transmitted  by  cables  in  a  deep  underground 
tunnel  running  from  the  terminal  plant  to  the  trans- 
former room  of  the  hotel. 

In  addition  to  this  supply  of  power,  there  is  also  a 
500  kw,  240  volt  direct-current  W'estinghouse  generator 


FIG.   3 — BALL    ROOM 


in  case  of  the  remote  possibility  of  a  failure  of  the  al- 
ternating-current supply,  but  more  particularly  it  act^s 
as  a  reducing  valve  for  the  steam  supply.  There  are  no 
lioilers  in  the  hotel,  as  the  steam  is  furnished  by  the 

terminal  plant 
at  150  pounds 
pressure.  To  re- 
duce this  press- 
ure to  that  re- 
quired for  steam 
heating  by 
means  of  a  valve 
would  obviously 
involve  waste  of 
energy.  By  driv- 
ing the  genera- 
tor with    this 

high  -  pressure 
steam  and  using 
the  exhaust   for 
heating  purposes 
the  current    ob- 
tained can    be 
estimated  as 
costing     little 
more    than  the 
overhead  ex- 
penses.       The 
unit  runs  at  120 
r.p.m.  and  operates  so  quietly  that  only  the  click  of  the 
valve  gear  can  be  heard      It  is  shut  down  in  summer 
when  steam  heat  is  not  needed 

THE  TRANSFORMERS 

.\s  is  shown  in  the  plan  of  the  sub-basement  floor, 


FIG.    4 — PL.AN   OF   SUBBASEMENT 

The  triangular   shape   is   due   to   the   fact  that  the  Long  Island  Railroad  Tunnel  cuts  through  diagonally  at  this  level. 


driven  by  a  24  by  42-inch  Hamilton-Corliss  engine  lo-  Fig.  4,  the  transformers  are  located  in  a  small  room 
cated  in  the  engine  room  of  the  hotel.  This  generator  which  is  completely  shut  off  from  the  engine  room  by 
serves  two  purposes ;  it  provides  a  third  source  of  power     thick   brick    walls.     It   contains   three   banks   of   three 
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transformers  each,  consisting  of  187  k.v.a.  trans- 
formers, and  two  each  of  three  250-k.v.a.  transformers. 
The  first  three  banks  supply  three  Westinghouse  ro- 
tary converters  and  the  other  two  supply  the  lighting 
system.  Electrically-operated  oil  circuit  breakers  con- 
trol the  high-tension  lines,  and  disconnecting  switches 
permit  one  or  more  of  the  transformers  to  be  cut  out 
without  interfering  with  the  operation  of  the  others. 

THE  DIRECT-CURRENT  SYSTEM 

The  electrical  distributing  system  is  divided  into 
two  separate  parts: — (i)  a  direct-current  system  for 
motors  driving  elevators,  ventilating  fans,  and  other 
machinery  requiring  speed  control,  and  (2)  an  alternat- 
ing current  system  for  lighting,  cooking,  and  miscellan- 
eous applications. 

The  direct  current  is  obtained  from  the  generator 
and  the  three  rotary  converters.     These  four  machines 


FIG.    5 — TRANSFORMER   ROOM 

Nine  187  k.v.a.  transformers  for  rotary  converters,  at 
II  000  to  188  and  58  volts.  Six  250  k.v.a.  transformers  for 
lighting  at  II  000  to  250  and  125  volts,  all  three-phase,  60  cycles. 

are  arranged  so  that  any  combination  of  them  can  be 

operated  in  parallel  and,  as  the  present  load  can  readily 

be  handled  by  any  two  of  them,  there  is  ample  reserve 

capacity.     Provision  is  made  for  a  fourth  converter  if 

future  requirements  demand  it. 

The  rotary  converters  are  of  500  kw  capacity  each 
and  supply  direct  current  for  240  volt  two-wire  cir- 
cuits. Their  bank  of  transformers  supplies  them  with 
58  volt  current  for  starting  and  188  volt  current  for 
running.  An  individual  starting  switch  is  mounted  on 
a  panel  beside  each  converter.  Two  small  motor-gen- 
erator sets  (one  being  a  spare)  furnish  the  excitation 
current  for  the  converters. 

The  average  direct-current  power  load  is  450  am- 
peres with  occasional  peaks  of  600  amperes.  The  total 
average  24  hour  load  is  about  5000  kilowatt-hours  and 
it  is  estimated  that  this  will  be  increased  to  about  6000 
kilowatt-hours. 


THE  ALTERNATING-CURRENT  SYSTEM 

The  secondaries  of  the  two  banks  of  lighting  trans- 
formers supply  alternating  current  for  240/120-volt 
three-wire  circuits.  The  two  banks  are  independent 
and  at  present  either  one  can  supply  the  ordinary  de- 


FIG.    6 — MAIN   POWER   SWITCHBOARD 

The  three  left  hand  panels  are  for  the  rotary  converters. 
The  ne.xt  two  panels  are  for  the  main  lighting  circuits  and  the 
right  hand  panel  carries  the  high  voltage  instruments  and 
relays. 

mand  of  the  hotel,  which  amounts  to  about  500  kw 
maximum.  At  present  the  24  hour  lighting  load  aver- 
ages about  8000  kilowatt-hours,  which  will  be  increased 
to  at  least  90CX)  kilowatt-hours  later  on. 

THE  SWITCHBOARDS 

There  are  two  switchboards  in  the  hotel  engine 
room,  both  of  Westinghouse  make.  One  called  the 
power  board  is  of  six  panels,  of  which  the  first  three 
handle  the  direct  current  from  the  three  converters ;  the 
next  two,  the  main  circuits  from  the  two  banks  of  light- 
ing transformers;  and  the  last  carries  the  high  tension 


FIG.    7 — DISTRIBUTING  PANELS 

instruments  and  relays.  Roth  the  rotary  converter  cir- 
cuits and  the  lighting  circuits  pass  from  the  power 
board  directly  to  the  second  board. 

The  second  switchboard  is  tlie  main  distributing 
board.     It  consists  of  21  panels  and  is  divided  into  three 
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sections ;  the  power  section,  the  power  distributing  sec- 
tion and  the  Hghting  distributing  section.  The  power- 
receiving  section  carries  the  various  instruments  needed 
to  control  the  generator  and  the  exciters  for  the  rotary 
converters  and  to  parallel  and  distribute  the  various  di- 
rect-current   circuits.     The    power-distributing    section 


FIG.    8 — 500    KW,    120   R.P.M.    DIRECT-CURRENT  GENERATOR 

Driven  by  a  24  by  32  inch  Hamilton  Corliss  engine,  with 
a  59000  lb.  flywheel. 

carries  switches  which  control  the  various  power  cir- 
cuits throughout  the  hotel.  Local  control  of  the  ele- 
vators and  ventilating  fans  located  on  the  roof  is  sup- 
plied by  two  distributing  boards  in  the  pent  house  on  the 
roof,  and  a  third  distributing  board  on  the  fourth  floor 
controls  all  the  other  power  circuits  above  that  floor. 
The  lighting-distributing  section  receives  current  from 
either  or  both  of  the  two  banks  of  lighting  transformers 
(according  to  the  switch  arrangement  on  the  power 
board)  and  controls  all  the  lighting  circuits. 

THE  LIGHTING  SYSTEM 

The  three  phases  of  the  lighting  system  are  dis- 
tributed so  that  an  approximate  balance  is  secured.     A 


plunging  of  the  hotel  into  darkness  at  a  critical  moment. 

The  lighting  of  the  concourse  rooms  is  primarily 
artistic  in  its  purpose.  The  fixtures  are  of  special  de- 
sign, to  harmonize  with  the  decorations,  while  the  lights 
ore  shaded  to  produce  certain  color  effects,  a  deep  tone 
of  orange  being  used  in  some  rooms,  rose  in  others  and 
white  in  others.  The  lighting  of  the  stained-glass  sky- 
light of  the  lobby  received  particular  attention  and,  by 
the  use  of  a  large  number  of  lamps  equipped  with  X-ray 
beehive  reflectors,  an  effect  of  diffused  sunlight  has 
been  closely  approximated.  A  similar  skylight  is  used 
in  the  ball  room.  Semi-direct  fixtures,  supplemented 
by  side  and  bedstead  lamps,  are  used  in  the  bedrooms. 
Twenty-two  thousand  Westinghouse  type  C  lamps  of  a 
large  range  of  sizes  were  needed  for  the  initial  installa- 
tion. 

The  lighting  panels  throughout  the  hotel  are  of  the 
Krantz   safety   type.     Each   panel   has   two  doors,  one 


FIG.   9 — ROTARY  CONVERTER   SUBSTATION 

feature  of  the  arrangement  is  that  all  lights  needed  in 
an  emergency,  such  as  those  in  the  corridors,  at  the  ele- 
vators, etc.,  are  operated  on  a  special  circuit  which  can 
be  supplied  with  direct  current  immediately  in  case  the 
alternating-current    should    fail,    thus    preventing    the 


FIG.    10 — KKANT/,     SAItIV     LlGHIlMj     I'ANEL     IN     BALL    ROOM 

With  doors  unlocked  and  open  for  inspection  or  fuse  re- 
newal. 

within  the  other.  The  inner  door  covers  the  switches 
for  the  various  circuits  and  every  part  that  can  be 
reached  when  this  door  is  open  is  electrically  dead  so 
that  it  is  impossible  to  get  a  shock  when  operating  the 
switches.  The  second  door,  which  cover  the  fuses,  is 
kept  locked  and  can  be  opened  by  authorized  electricians 
only.     There  are  about  200  of  these  panels  in  the  hotel. 

VENTILATION 

The  system  of  ventilation  is  very  complete.  Prac- 
tically all  of  the  rooms  in  the  three  basements  and  the 
first  four  floors  are  supplied  with  fresh,  filtered,  washed 
and  tempered  air  by  blowers,  and  are  freed  from  foul 
air  by  exhausters,  while  all  of  the  2200  bath  rooms  are 
ventilated  by  means  of  exhaust. 

There  are  27  Sturtevant  multivane  ventilating  fans 
in  all.  The  blowers  are  located  in  the  basements  and 
lower  floors  while  the  exhausters  are  for  the  most  part 
on  the  roof.     Each  fan  is  direct-connected  to  a  West- 
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inghouse  slow-speed  niotdr,  with  a  speed  ran^je  of  from 
I  to  I  J/'  or  I  to  2  by  field  control.  Quiet  operation 
was  made  essential  to  the  acceptance  of  these  motors 
and  as  a  matter  nf  fact  tlie\'  are  so  noiseless  that  it  is 


FIG.    II — EXHAUST    FAN    SERVING    BATH    ROOM    EXHAUST       ' 

Driven  by  a  38  hp,  135-200  r.p.m,  adjustable  speed  direct- 
current  motor. 

impossible  to  tell  from  the  sound  whether  they  are  run- 
ning or  not.  A  total  of  750  horse-power  ventilating 
motors  is  used. 

ELEVATORS 

The  elevator  equipment  consists  of  twelve  passen- 
ger and  eight  service  elevators,  that  reach  all  floors,  and 
four  passenger  and  three  service  elevators  that  have 
short  special  runs.  All  except  one  large  service  ele- 
vator are  of  the  i  to  i  gearless  traction  type  and  run 
at  600  feet  per  minute.  The  large  service  elevator  is  of 
the   worm-gear  traction   type   and   runs   at  450   feet  a 


FIG.     .-       J...,,,,,.      >,  ,,.,,1.      ...ji  ..i.K     I.M.,..,       .-.  1  Li  K  I  I.V  .■■>  .N  1      k.\HALSTEK 
FOR    ENGINE    ROOM 

Driven   by   a   35    hp,   215-320   r.p.m.   adjustable    speed   di- 
rect-current motor. 

minute.     There  is  also  a  bank  of  six  dumb-waiters,  with 

a  capacity  of  100  pounds  each  and  a  speed  of  500  feet 

per  minute,  furnishing  service  between  the  main  kitchen 

and  the  breakfast  kitchens. 


SERVICE    PUMPS 

The  hotel  has  two  water  tanks,  one  on  the  eleventh 
floor  and  the  other  on  the  roof,  which  are  supplied  by 
steam  pumps  in  winter  and  electric  pumps  in  summer. 
The  electric  pump  for  the  lower  tank  is  a  two-stage 
centrifugal,  driven  by  a  60-hp,  i6oo-r.p.m.  Westing- 
house  motor.  That  for  the  upper  tank  has  four  stages 
and  is  driven  by  a  100  hp,  1200  r.p.m.  motor  Both 
pumps  are  equipped  with  automatic  float  controllers  and 
are  rated  at  800  gallons  per  minute.  They  take  water 
from  an  open  tank  supplied  from  the  city  water  mains. 
The  high  pressure  pump  operates  against  a  static  head 
of  175  pounds  and  the  low  pressure  against  100  pounds. 
The  fire  pumps  are  steam  operated. 


REFRIGERATING  SYSTEM 


Refrigeration   is  produced  by  three 
driven  York  ammonia  compressors  and  is 
following  purposes : — 


65-ton   steam 
used  for  the 


FIG.    13 — FOUR    STAGE    CENTRIFUGAL    PUMP    SERVI.NG    TANK    UN    22ND 
FLOOR 

Driven  by  a  100  hp,  1200  r.p.m.  direct-current  motor  with 
automatic  float  control. 

To  keep  cold  about  150  refrigerator  boxes  in  the 
main  kitchens,  breakfast  kitchens,  suite  kitchenettes 
and  other  places  throughout  the  hotel ;  to  provide  cold 
drinking  water  in  every  bedroom ;  to  freeze  and  pre- 
serve ice  cream,  and  to  make  ice. 

For  supplying  the  refrigerator  boxes,  cold  brine 
(ammonia  is  not  used  above  the  basement  floors)  is 
pumped  by  two  systems  of  duplicate  steam  and  electric 
pumps.  The  high-pressure  system  has  a  static  head  of 
200  pounds,  which  is  higher  than  in  the  corresponding 
house  service  S)'stem  because  of  the  greater  specific 
gravity  of  the  brine.  The  brine  is  circulated  by  .1 
three-inch  centrifugal  pump  of  150  gallons  per  minute 
capacity  against  a  friction  head  of  140  ft.  and  driven 
by  a  15  hp.  direct-current  Westinghouse  motor,  with 
a  speed  range  of  850  to  1650  r.p.m.  by  field  control. 
The  circulating  pump  for  the  low-pressure  brine  sys- 
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tem,    which    serves    every    thing    below    the   first    floor  high-pressure   system.     The   low   jtressure   system   will 

(static  head,  50  lbs.)    is  a   four-inch,  360  gallons  per  also  take  care  of  the  20  by  34  foot  ice  skating  rink, 

minute  centrifugal  operating  against  a  friction  head  of  which  is  later  to  be  installed  under  the  dancing  floor 

70  ft.  and  is  driven  by  a  motor  similar  Ui  lli.it  on  the  of  the  ,L;iill   hhi  h 


FIG.    14 — TWO   CENTRIFLOXL   bUMP   PLMPb 

Driven  by  7.5  hp,   1600  r.p.m.    vertical  motors  with  auto- 
matic float  control. 

TABLE    I.— VENTILATING   EQUIPMENT 


Fan 

Motor 

Type 

Service 

Size 

Width 

Inlet 

Hp. 

Speed          1 

Min. 

Max. 

West  Fan  Room 

Sub -Basement  Me 

zzanine 

Exhauster 

Cafe  and  Bar 

8 

Single 

Single 

1 
5% 

185 

275 

Blower 

West  Side  Room  Basement 
and  Sub -Basement  Mezzanine 

9 

Doutile 

Double 

30 

1 

205 

305 

Blower 

West   Side  Room 

7 

Single 

Single 

Blower 

Grill 

9 

Single 

Single 

16 

170 

335 

Blower 

Laundry 

11 

Single 

Double 

25      1 

1 

155 

235 

East   Fan  Room 

Sub -Basement   Me 

zzanine 

Blower 

Kitchen 

9 

Double 

Double 

1 
40     J 

225 

340 

Blower 

East   Side  Rooms  of   Sub- 
Basement  Mezzanine 

10 

Double 

Double 

28      1 
1 

165 

250 

Blower 

Lobby 

8 

Double 

Double 

25      1 

195 

390 

Blower 

Dining  Room 
East  Rooms  of  Sub - 

8 

Double 

Douljle 

30      ' 
1 

209 

410 

E.xhauster 

Basement   Mezzanine 

9 

Double 

Double 

30      1 
1 

215 

320 

Sub-Bas 

ement  Fan  Room 

Exhauster 

Grill  Exhaust  Machine 
Shop  Supply 

7 

Double 

Double 

1 
7      1 

1 

220 

330 

Blower 

Engine  Room 

10 

Double 

Double 

22      1 
1 

120 

235 

Second 

Floor  Fan  Room 

E.\hauster 

Ball  Room 

1 
9      1   Single 

Double 

1 
26      1 

145 

285 

Exhauster 

Ball  Room 

9      1   Single 

Double 

1 

Exhauster 

Northeast  Banquet  Room 

8      1   Single 

Single 

5%! 

185 

275 

Exhauster 

Turkish  Bath 

7      1   Double 

Double 

7      1 

220 

330 

Blower 

Turkish  Bath 

6.5     1  Double 

Double 

8      1 

1 

215 

425 

Pent   House 

Fan  Room,   Ton   F 

oor 

Exhauster 

Bath  Rooms 

10 

DouTjle 

Double 

1 
35      1 

135 

265 

Exhauster 

West   Side  Rooms 

10 

Double 

Double 

45      1 

140 

280 

Exhauster 

Bath  Rooms 

10 

Double 

Double 

38      1 

175 

265 

Exhauster 

Kitchen 

11 

Double 

Double 

45      1 

155 

235 

Exhauster 

Banquet  Kitchen 

9 

Single 

Single 

13V^I 

200 

300 

Exhauster 

Dining   Room 

9 

Double 

Double 

35      1 

215 

320 

Exhauster 

Bath   Rooms 

Double 

Double 

35      1 

135 

265 

Exhauster 

Laundry 

12 

Double 

Double 

45      1 

135 

200 

Exhauster 

Engine  Room 

10 

Double 

Double 

35      1 

140 

280 

Exhauster 

Bath   Rooms 

9 

Double 

Double 

21      1 
1 

150 
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FIG.    15 — TWO    TEN-STAGE    TURBINE    VACUUM     CLEANERS 

Serving  a  total  of  489  outlets.     Each  machine  can  handle 

30  outlets  maximum  with  a  3  inch  vacuum  at  hose  end.    Driven 

by   20   hp,    1750    r.   p.    m.    direct-current 

motors.        The  hotel   has  3   miles  of  3 

inch  vacuum  cleaner  piping. 

The  drinking  water  is  supplied 
from  the  filters  and  is  pumped  by  a 
steam  pump  into  a  galvanized  iron 
cooler,  where  it  is  cooled  to  40  de- 
grees F.  by  ammonia  coils.  It  is  cir- 
culated through  the  hotel  by  two 
three-inch,  100  gallons  per  minute 
centrifugal  pumps,  operating  against  a 
friction  head  of  150  ft,  each  driven 
by  a  7.5  horse-power  direct-current 
Westinghouse  motor  with  a  speed 
range  of  from  850  to  1700  r.p.m.  by 
field  control.  Either  pump  can  take 
care  of  the  system,  so  that  one  is  a 
spare.  There  are  about  2300  taps  al- 
together and  the  static  head  is  175 
pounds. 

The  ice-cream  refrigerating  sys- 
tem supplies  brine  to  the  freezers  and 
keeps  the  storage  boxes  at  a  tempera- 
ture of  10  degrees  F.  The  80  gallon 
per  minute  circulating  pump  operates 
at  a  friction  head  of  70  ft.  and  is 
driven  by  a  motor  similar  to  those  on 
the  drinking  water  pumps.  The  brine 
system  for  the  entire  installation  is 
filled  by  steam  pumps. 

The  ice-making  tank  is  55  feet 
long,  12  feet  wide  and  4  feet  deep,  and 
holds  200  cans  of  300  pounds  each. 
The  brine  agitator  is  driven  by  a  2-hp 
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900-r.p.m.,  vertical  motor,  and  the  cans  are  handled  by 
an  electric  hoist.  The  air  for  agitating  the  water  in  the 
cans,  so  as  to  produce  clear  ice,  is  freed  from  moisture 
to  prevent  the  air  pipes  from  being  closed  by  frost  by 
passing  it  through  a  shell-and-coil  dehumidifier  contain- 
ing freezing  coils  supplied  with  brine  by  a  pump  driven 
by  a  one-hp  motor. 

In  the  ice  crusher  room  there  are, — a  cube  machine 
with  a  capacity  of  5000  two-inch  cubes  per  hour,  a  sec- 
ond one  with  a  capacity  of  600  13^2  inch  cubes  per  hour 
and  two  crushers,  one  coarse  and  one  fine,  each  with  a 
capacity  of  five  tons  per  hour.  All  four  machines  are 
driven  by  a  7.5  hp,  850  r.p.m.  motor. 

LAUNDRY  EQUIPMENT 

The  quantity  of  towels,  bed  and  table  linens  that 
are  used  daily  makes  it  necessary  to  have  a  large  as 


FIG.    16 — MOTOR    DRIVEN    POTATO    PEELER 


well  as  an  efficient  laundry.  To  handle  this  enormous 
quantity  the  most  modern  and  up-to-date  laundry  equip- 
ment has  been  installed,  making  it  the  largest  electric- 
ally-driven laundry  in  the  world.  The  equipment  in- 
cludes ten  42  by  72  inch  cascade  metallic  washers 
which  are  driven  by  direct-connected  reversing  motors. 
Twelve  40  inch  overdriven  centrifugal  extractors  dry 
the  work,  with  the  exception  of  bath  towels,  which  are 
handled  in  three  40  by  94  inch  steam-heated  drying 
tumblers.  Ironing  is  performed  with  five  120  inch  flat- 
work  ironers. 

A  curtain  drier  and  finisher  and  complete  laundry 
equipment  for  handling  guests'  wearing  apparel  are 
also  installed.  Each  machine  is  driven  by  its  own  mo- 
tor, and  panelboard  control  is  used  extensively.  Al- 
though located  in  the  sub-basement,  this  laundry  is  very 


comfortable  as  a  working  place  because  of  the  eflfective 
ventilating  system  provided. 

OTHER  MOTOR  APPLICATIONS 

Motors  are  also  used  for  operating  dish  conveyors, 
dish  washers,  potato  peelers,  food  choppers,  cake 
mixers,  ice  cutters,  and  other  machines. 


FIG.    17.— TWO     INCH     ICE     CUBER,     1. 5     INCH     ICE     CUBER,     COARSE 
CRUSHER    AND    FINE   CRUSHER 

Driven  by  a  7.5  hp,  850  r.p.m.   direct-current  motor. 
ELECTRIC  COOKING 

Though  gas  ranges  are  used  in  the  main  kitchens, 
electricity  is  extensively  employed  for  cooking.  Elec- 
tric ranges  and  bake  ovens  are  used  exclusively  in  the 
kitchen  for  the  men's  cafe  and  in  the  "home-cooking" 
kitchen  (which  is  entirely  separate  from  the  main 
kitchen  and  is  in  charge  of  a  former  housekeeper  as- 
sisted by  former  domestic  servants).  The  electric 
cooking  circuit  in  the  home  cooking  kitchen  has  an  in- 
dividual meter.     This  kitchen  has  57  kw  in  ranges  and 


FIG.    18 — DISH   CONVEYER 

For  carrying  the  dishes  from  the  dining  rooms  to  the 
dishwashers.  Operated  by  a  one-half  horse-power  direct-cur- 
rent motor. 

bake  ovens.  The  average  use  of  power  is  120  kw-hrs. 
per  day.  The  bedroom  floor  breakfast  kitchens  are 
provided  with  electric  hot  plates,  toasters,  coffee  perco- 
lators, tgg  boilers,  etc.,  and  the  kitchenettes  attached  to 
the  private  suites  are  similarly  equipped. 


H.  C.  Coleman 

General  Engineering  Division, 

Wcstinghouse  Electric  &  Mfg.   Company 

The  important  part  that  electricity  and  electrical  apparatus  takes  in  the  operation  of  a  modern  sub- 
marine is  not  generally  appreciated.  It  is  the  purpose  of  this  article  to  outline,  in  a  more  or  less  general 
way,  the  entire  electrical  equipment  required  by  one  of  our  newest  types  of  submarines,  without  going  into 
close  detail  regarding  the  operation  of  the  less  important  pieces  of  apparatus. 


THE  FIRST  known  submarine  boat  was  built  in 
1624  and  operated  by  a  Hollander  by  the  name 
of  Van  Drebbel.  It  was  simply  a  wooden  boat 
with  a  covering  of  leather  and  propelled  by  oars.  In 
1772  David  Bushnell  of  this  country  invented  and  built 
the  first  submarine  to  be  actually  used  in  warfare.  His 
boat  was  large  enough  to  accomodate  only  one  man, 
and  carried  a  torpedo  on  the  outside,  to  be  attached 
to  the  enemy's  ship  by  means  of  a  screw.  It  was  driven 
by  a  screw  propeller  operated  from  a  hand  crank,  and 
carried  a  small  hand  pump  to  handle  the  water  ballast 
used  for  submerging.  Although  quite  successful,  the 
boat  was  much  ridiculed,  and  was  abandoned. 

About  1803,  Robert  Fulton,  the  inventor  of  the 
steamboat,  developed  and  built  a  considerably  larger 
boat    for   the    French    Government.     However,   it   was 


Simon  Lake  took  up  the  development  of  submarines 
in  this  country  after  Holland,  and  made  great  progress 
in  the  way  of  control  and  military  efficiency.  How- 
ever, it  has  been  only  within  the  last  12  years  that 
continued  systematic  and  practical  development  of  the 
submarine  has  been  carried  out.  The  combined  efforts 
of  naval  authorities  and  experts  and  the  engineering 
profession,  have  resulted  in  a  rapid  advance  in  the  solu- 
tion of  the  many  problems  encountered  in  the  design 
and  construction  of  the  submarine. 

One  of  the  latest  submarines  in  the  United  States 
Navy  is  shown  in  Fig.  i.  This  vessel  has  a  displace- 
ment of  800  tons,  and  is  designed  for  a  speed  of  15 
knots  on  the  surface,  and  12  knots  submerged.  For  the 
purpose  of  classification,  the  electrical  equipment  of  a 
submarine  may  be  grouped  under  the  following  heads: 


FIG.    I — UNITED  STATES   SUBMARINE 


also  propelled  by  hand  power  and  due  to  its  slow  speed, 
was  turned  down  as  a  failure  by  the  Government.  In 
1863  the  French  again  became  interested  in  the  sub- 
marine, and  completed  the  largest  boat  built  up  to  that 
time,  having  a  displacement  of  nearly  500  tons.  It  was 
propelled  by  compressed  air  engines,  but  the  capacity 
for  compressed  air  was  so  small  that  it  could  remain 
submerged  for  only  very  short  periods,  and  could  obtain 
a  speed  of  only  about  five  knots.  After  considerable 
experimentation,  the  project  was  abandoned. 

About  this  time  J.  P.  Holland  of  the  United  States 
began  his  important  work  in  the  development  of  the 
submarine.  He  built  several  experimental  boats,  and 
in  1890  completed  the  first  submarine  to  be  accepted  by 
the  United  States  Navy  Department.  This  vessel, 
called  the  "Holland",  had  gasoline  engines  for  surface 
propulsion,  and  electrical  motors,  receiving  power  from 
storage  batteries,  for  propulsion  when  submerged.  It 
was  the  first  boat  for  naval  service  thus  equipped,  and 
was  quite  successful.  During  the  same  period,  Euro- 
pean engineers  had  been  attempting  to  use  steam  engines 
for  submarine  drive,  but  without  much  success. 


I- — Main    propulsion,    generatine    and    power    storage 
equipment  and  control. 

2 — Auxiliary  motors  and  control. 

3 — Communication  and  signaling  apparatus. 

4 — Lighting  and  heating  equipment. 

MAIN    PROPULSION 

The  selection  and  design  of  the  main  propulsion 
machinery  for  a  submarine  involves  problems  and  ques- 
tions not  encountered  in  the  case  of  any  other  type 
of  vessel.  These  result  largely  from  the  requirement 
that  the  boat  operates  satisfactorily  and  efficiently  both 
when  on  the  surface  and  when  submerged — two  widely 
differing  conditions.  It  has  been  found  during  the  later 
years  of  submarine  development  that,  for  the  larger 
type  of  vessel  now  being  built,  the  Diesel  heavy  oil 
engine  is  best  adapted  to  meet  the  requirements  for 
propulsion  for  surface  operation.  Up  to  the  present 
time,  the  electric  motor  in  conjunction  with  the  storage 
battery  has  been  the  most  successful  machine  for  pro- 
pelling the  boat  when  submerged,  and  it  bids  fair  to 
hold  that  position  for  some  time  to  come. 

The  general  arrangement  of  the  propelling  machin- 
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ery  for  the  modern  submarine  is  shown  in  Fig.  2.  It 
will  be  noted  that  there  are  two  main  motors.  Each 
has  its  own  shaft,  which  is  connected  by  heavy  clutches 
to  the  engine  shaft  at  one  end,  and  to  the  propeller 
shaft  at  the  other  end.  The  clutches  are  so  arranged 
that  neither  the  thrust  of  the  propeller  nor  that  of  the 


FIG.    2 — GENERAL    ARRANGEMENT    OF    THE    PROPELLING    MACHINERY 

A — Engines;    B — Motors;    C — Clutches;   D — Propellor 
thrust  bearing;  E — Bulkheads. 

engine  may  be  transmitted  to  tjie  motor  thrust  bearing 
which,  therefore,  has  to  provide  only  for  the  thrust  due 
to  the  weight  of  the  motor  rotor,  shaft,  and  its  clutch 
members  when  the  boat  is  operating  with  its  main  axis 
at  an  angle  with  the  horizontal,  as  when  diving. 

MAIN   MOTORS 

The  limitations  to  the  design  of  a  submarine  motor 
are  probably  closer  and  more  rigid  than  in  the  case  of 
any  other  marine  application.  It  is  necessary  to  obtain 
the  maximum  output  with  the  minimum  weight  and 
size,  as  the  space  available  in  a  hull  where  every  inch 
has  to  be  utilized,  is  of  course  limited.  Then,  too,  the 
dimensions  of  the  space  available  for  the  main  motors 
are  more  or  less  fixed  by  the  location  of  other  apparatus, 
and  these  dimensions  are  usually  such  that  special  feat- 
ures have  to  be  incorporated  in  the  entire  motor  design. 

Special  features  in  the  design  are  necessary  to  meet 
the  requireinent  for  accessibility.  Due  to  the  particu- 
lar location  of  the  motor  in  the  vessel,  it  is  possible  to 
reach  only  a  small  section  of  the  frame  for  inspection. 
In  this  section  it  is  necessary  to  provide  handholes  for 
inspection  of  the  commutator  and  brushes.  Means 
must  also  be  provided  for  rotating  the  brush  rigging  so 
that  all  the  brushes  may  be  inspected  from  this  point. 
The  bearings  also  have  to  be  designed  for  accessibility. 

Not  only  must  the  motor  be  able  to  operate  as  such 
to  propel  the  boat,  but  it  must  be  capable  of  operating 
as  a  generator  to  charge  the  storage  batteries  and  to 
furnish  power  to  all  the  auxiliary  electrical  apparatus 
described  later  in  this  article. 

For  military  reasons,  the  motors  must  operate  as 
quietly  as  possible,  which  necessitates  special  features 
in  the  design  to  reduce  noise  due  to  commutation,  mag- 
netic hum,  etc.  They  must  be  very  efficient,  since  they 
receive  power  from  the  storage  battery,  so  that  the 
radius  of  action  of  the  vessel  submerged,  depends 
directly  upon  their  efficiency.  It  is  desirable  that  the 
efficiency  be  as  high  as  possible  at  loads  obtained  at  all 
speeds  within  the  range  of  motor  speeds,  because  the 
boat  may  have  to  cruise  at  a  speed  corresponding  to 
the  full  field  speed  of  the  motor  for  long  periods,  per- 
haps  up   to  48  hours,   while   patrolling.     The   motors 


must  have  specially  designed  bearings,  both  to  prevent 
oil  getting  into  the  windings,  and  to  take  care  of  the 
end  thrust  of  the  motor  rotor.  All  these  requirements 
will  serve  to  show  that  the  submarine  motor  is  neces- 
sarily of  very  special  design. 

A  view  of  the  inboard  side  of  one  of  the  latest 
type  submarine  motors,  such  as  is  used  on  the  class  of 
boats  pictured  in  Fig.  i,  is  shown  in  Fig.  3,  and  the 
outboard  side  is  shown  in  Fig.  4.  This  motor  has  a 
continuous  rating  of  600  hp  at  260  r.p.m.,  220  volts. 
It  consists  of  two  armatures  mounted  on  a  common 
shaft  as  shown  in  Fig.  5,  which  is  carried  in  the  common 
frame  fitted  with  two  separate  field  windings.  This 
arrangement  produces  a  rather  long  frame  with  small 
diameter,  which  best  suits  the  space  available  in  the 
boat.  The  double  armature  type  motor  also  has  some 
advantages  over  the  single  annature  type  in  the  way 
of  control  which  will  be  pointed  out  later. 

The  motor  is  shunt  wound  with  a  light  series  wind- 
ing to  produce  a  drooping  speed  characteristic  to  pro- 
vide for  satisfactory  division  of  load  between  the  two 
armatures  when  operating  in  parallel.  It  is  totally  en- 
closed and  arranged  for  forced  ventilation,  the  air  being 
furnished  by  a  motor  driven  blower  mounted  directly 
above  the  main  motor.  The  air  outlet  is  shown  at  the 
center  of  the  frame  in  Fig.  3,  and  the  inlet  in  Fig.  4, 
Fig.  6  shows  the  channel  shape  sheet  metal  housing 
which  directs  the  ingoing  air  into  its  proper  path,  and 
separates  it  from  the  outgoing  air.  This  picture  also 
shows  the  two  field  windings ;  the  main  poles  are  skewed 
in  order  to  lessen  the  noise  of  operation.  These  photo- 
graphs also  show  the  special  frame  construction.     The 


FIGS.    3    and    4 — INHOARP    AND    OUTBOARD    SIDE    OF    LATEST    TYPE   OF 
SUnMARINE   MOTOR 

frame  is  split  at  an  angle  of  30  degrees  from  the  hori- 
zontal to  facilitate  removal  of  the  upper  half.  The  feet 
are  also  arranged  at  the  same  angle,  so  that  the  frame 
will  fit  closely  to  the  hull  of  the  vessel.  The  bearings, 
carried  in  solid  brackets,  are  of  the  sleeve  type,  oil  and 
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waste  lubricatetl,  and  similar  in  design  to  the  type  of 
bearing  used  in  electric  locomotive  practice. 

These  motors  have  to  be  very  rugged,  as  the  actual 
service  conditions  are  quite  severe.  They  are  in  almost 
constant  use.  When  cruising  on  the  surface  with  the 
engines  driving,  the  motor  operates  as  a  generator  to 


FIG.    5 — DOUBLE    ARMATURE    MOTOR 

Having  a  continuous  rating  of  600  hp  at  260  r.p.m.,  220  volts. 
supply  power  to  the  auxiliaries,  with  the  battery  float- 
ing on  the  line.  During  submerged  runs,  they  operate 
as  motors  to  propel  the  boat,  and  when  the  boat  is  at 
rest  on  the  surface,  they  are  used  to  charge  the  batteries. 
They  are  also  required  to  start  the  engines. 


For  starting  the  main  motors,  interlocked  electro- 
magnetic contactor  switches,  operated  by  a  master  con- 
troller, have  been  used  most  extensively.  Speed  varia- 
tion is  obtained  by  hand  adjustment  of  the  shunt  field 
rheostats.  Some  of  the  latest  class  of  boats  are  being 
equipped  with  electro-pneumatic  contactor  switches  op- 
erated by  a  master  controller,  which  also  operates  the 
adjusting  mechanism  of  the  field  rheostats. 

A  switch  group  containing  the  pneumatically-op- 
erated contactors  for  the  control  of  one  motor  is  shown 
in  Fig.  7,  and  Fig.  8  shows  the  group  with  the  covers 
removed.  This  group  contains  14  switches,  which  pro- 
vide for  cutting  out  the  starting  resistors  in  steps,  for 
making  series  and  parallel  connections  of  the  two  arma- 
tures, and  for  reversing.  These  are  standard  switches 
such  as  are  used  in  heavy  electric  railway  locomotive 
control.  The  group,  however,  is  longer  than  those 
used  in  locomotive  practice,  due  to  the  large  number  of 
switches  required.  It  is  also  inverted  in  position,  the 
air  valves  and  magnets  being  upon  the  upper  side.  This 
facilitates  leading  the  main  conductors  from  the  motor, 
the  group  being  mounted  directly  above  it.  The  cylin- 
ders receive  air  froi"^  the  submarine's  compressed  air 
supply  through  a  reducing  valve  and  control  reservoir. 
Provision  is  made  for  manual  operation  of  the  switche.3 
in  case  the  master  controller  circuits  should  be  inter- 
rupted. This  is  done  by  means  of  a  shaft  located  at 
the  upper  and  front  side  of  the  group.  This  shaft 
carries  cams  which  operate  levers  which  depress  the 
valve  stems,  admitting  air  into  the  cylinders,  so  that 
the  switches  are  closed  in  the  proper  sequence  for  bring- 
ing the  motor  up  to  full  parallel  in  either'  direction. 
The  shaft  is  operated  by  a  hand  wheel  mounted  on  the 
after  end  of  the  group. 


I'"ig.  Q  is  a  front  \iew  of  the  master  controller  by 
means  of  v\hich  both  main  motors  are  comi)letely  con- 
trolled throughout  the  entire  speed  range  when  motor- 
ing, or  when  generating.  l''ach  hand  wheel  gives  in- 
dividual control  of  one  motor.  In  the  lower  part  of 
the  controller,  are  two  large  drums  operated  from  the 
hand  wheels  by  means  of  sprockets  and  chains.  These 
drums  make  the  proper  connections  of  the  control  cir- 
cuits to  the  valve  magnets  of  the  contactor  switches  for 
closing  them  in  the  proper  sequence  for  starting  the 
motors,  and  then  connect  shunt  field  resistors  into  cir- 
cuit as  the  hand  wheel  is  moved  around  from  the  "ofl"" 
position,  either  ahead  or  astern.  The  hand  wheel  car- 
ries a  dial  which  moves  under  a  pointer,  and  indicates 
the  speed  notches,  which  are  made  pronounced  by  means 
of  a  star  wheel  and  pawl  mechanism.  A  series  parallel 
drum  is  provided  in  the  controller  which  can  be  set  so 
that  the  motors  can  be  started  up  with  the  armatures 
connected  in  series,  or  in  parallel.  This  drum  is  me- 
chanically interlocked  with  the  hand  wheels  so  that 
it  cannot  be  moved  except  when  the  hand  wheels  are 
at  the  "off"  position.  Drums  are  also  provided  for 
cutting  out  of  the  circuit  either  armature  of  either 
motor,  so  that  in  case  one  armature  should  become  dis- 
abled, the  motor  could  still  be  operated  with  the  other 
armature.  These  drums  are  operated  by  handles  ex- 
tending from  the  front  side  of  the  controller. 

Each  motor  armature  has  an  overload  relay  in  its 
circuit,  which  interrupts  the  control  circuits  of  the  mam 
switches  when  the  current  for  which  it  is  set  is  ex- 
ceeded. The  series  parallel  drum  of  the  master  con- 
troller provides  for  electrically  resetting  the  relay  after 
the  hand  wheels  are  returned  to  the  "off"  position. 

The  switch  groups  and  overload  relays  are  mounted 
in  the  motor  room,  while  the  master  controller  is  !o- 


FIG.   0 — MOTOR   FRAME 

Showing    field   coils    and    channel    shape    sheet    metal    housing 
which  keeps  the  ingoing  and  outgoing  air  separated. 

cated  in  the  central  operating  compartment  at  the  cen- 
ter of  the  vessel.  Near  the  master  controller,  is 
mounted  the  main  switchboard  carrying  the  neces.sary 
meters  for  the  motors,  batteries,  and  auxiliary  circuits, 
circuit  breakers  and  switches  for  the  main  auxiliary 
circuits,   and   the  main   circuit  breakers  in   the  battery 
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lines  which   also   serve   for  making   series  and   parallel 
connections  of  the  battery  sections 

STORAGE  BATTERIES 

The  storage  battery  which  is  most  generally 
adopted  for  submarine  service  is  of  the  lead  battery 
iron-clad  type.  The  battery  is  usually  arranged  in  two 
groups  of  60  cells  each,  with  the  three  main  circuit 
breakers  arranged  for  connecting  the  two  halves  of  the 
whole  either  in  series  or  parallel,  thus  furnishing  either 
half  or  full  battery  voltage.  This  arrangement  in  com- 
bination with  the  double  armature  motors  and  scheme 
of  control  provides  a  wide  range  of  economical  running 
speeds  of  the  motors.  Thus  for  high  speeds,  the  bat- 
tery sections  would  be  connected  m  series,  and  the  arma- 
tures in  parallel,  giving  full  battery  voltage  on  each 
armature.  For  medium  speeds,  half  battery  voltage 
would   be    applied    to   each    armature,   either   bv    using 


quired  on  a  submarine  for  operation  of  pumps,  steer- 
ing gear,  etc.  In  Table  I  is  given  a  list  of  auxiliary 
motor  applications  that  would  be  made  on  a  vessel  such 
as  shown  in  Fig.  i.  The  ratings  given  are  only  approx- 
imate, and  typical  for  this  class  of  submarine.  They 
will,  of  course,  vary  somewhat  with  different  boat  da- 
signs  and  sizes.  From  a  summary  of  this  table,  it  will 
be  noted  that  a  total  of  about  180  hp  of  auxiliary  motors 
is  required  for  one  submarine.  Some  of  these  motors 
are  water-tight,  some  semi-enclosed,  the  others  open, 
depending  upon  the  location  in  the  submarine  and  the 
application.  It  is  necessary  that  all  motors  be  as  small 
and  light  as  possible. 

For  the  control  of  constant  speed  motors,  such  as 
pump  motors,  enclosed  contactor  panels  controlled  by 
water-tight  push  button  master  switches  are  used.  This 
allows  for  installing  the  panels  in  out  of  the  way  places 


FIGS.  7  and  8 — SWITCH  grout 

CoMtainiiiK   the   pncumalically-operated   contactors    for   the 

coiilrol   ol   one  motor. 

l)arallel  connections  of  both  armatures  and  battery  sec- 
tions, or  by  series  connections  of  battery  sections  and  of 
armatures.  For  the  lowest  speeds,  the  battery  sections 
would  be  connected  in  parallel  and  the  armatures  in 
series,  giving  one  fourth  the  voltage  on  each  armatur'i. 
The  full  range  oi  shunt  field  ste])s  is  available  for  eacn 
of  these  conditions. 

The  battery  cells  for  ^nlnnarme  service  have  to  be 
veiT  ruggedly  built.  Some  idea  of  their  size  may  be 
gained  from  the  fact  thai  a  single  cell,  complete  with 
electrolyte,  weighs  about  2400  pounds.  Thus  a  com- 
plete battery  of  120  cells  weighs  about  150  tons. 

AUXII.IAKV    MOTORS   .«iND   CONTKOI. 

A  considerable  number  of  auxiliarv  motors  is  re- 


FIG.    9 — MASTER   CONTROLLER 

where  space  is  available.  In  the  ca.se  of  adjustable 
speed  motors,  such  as  fan  motors,  hand  operated  panel 
type  controllers  enclosed  in  sheet  metal  boxes  are  gen- 
erally used. 

The  steering  and  diving  gears  are  equipped  for  hand 
operation  in  case  the  electrical  equipment  or  the  voltage 
fails.  In  this  connection,  electric  clutches  are  provided 
which  immediately  throw  the  hand  operating  mechan- 
ism into  gear  upon  the  failure  of  voltage.  They  also 
have  limit  switches  which  stop  the  motor  when  the 
limil  of  travel  of  the  rudder  or  diving  planes  is  reached. 
This  auxiliary  control  equipment  must  have  the  highest 
degree  of  reliability,  as  the  safety  of  the  boat  and  the 
lives  of  the  crew  are  directly  dependent  upon  its  opera- 
tion. Especially  is  this  tine  of  the  steering  and  diving 
gear  a])paratus. 
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TABLE    I— AUXILIARY    MOTOR    EQUIPMENT    OF    A 
TYPICAL  MODERN  U.  S.  SUBMARINE 

No.  per 

boat  Application                                       Hp  each 

2     Air  compressor  and  ballast  pump  45 

2     Engine  circulating  water  pump lO 

I     Anchor  windlass   10 

I     Steering  gear   7-5 

I     Oscillator  generator  7-5 

1  Adj  usting  pump  ....    7.5 

2  Main  motor  ventilating  fan  5 

I     Stern  diving  rudder  4 

I     Bow  diving  rudder  3 

3  Periscope  hoist 3 

I     Wireless  generator  3 

I     Engine  lathe  3 

I     Radio  mast  hoist  1.5 

1  Bilge  pump   I 

2  Lubricating  oil  pump  I 

I     Fuel  oil  pump I 

I     Sounding  machine  % 

I     Drill  press  %, 

I     Grinder % 

I     Refrigerating  machine    % 

7     Hull  and  battery  ventilating  fan % 

3  Hull  ventilating  fan  % 

COMMUNICATION    AND    SIGNALING 

Electrical  circuits  and  devices  play  a  very  im- 
portant part  in  the  communication,  signaling  and  con- 
trolling systems  of  the  modern  submarine.  An  engini;- 
motor  telegraph  indicating  system  is  used  for  signal- 
ing the  motor  or  engine  operator  from  the  conning 
tower  or  bridge.  An  electric  gong  rings  at  the  same 
time  that  the  signal  appears  on  the  telegraph  indicator. 
An  extensive  electric  call-bell  system  is  used  as  well  as 
general  alarm  gongs.  The  firing  of  the  torpedoes  is 
accomplished  from  the  bridge  or  central  operating  com- 
partment by  means  of  firing  keys  and  electric  circuits 
controlling  magnets  operating  the  air  valves  which  con- 
nect the  torpedo  tubes  to  the  compressed  air  tanks.     .\ 


gyro-compass  is,  of  course,  necessary,  and  the  gyro- 
scope is  driven  by  a  small  electric  motor.  This  is  an 
induction  motor  so  that  a  small  motor  generator  set  is 
required  to  supply  its  power. 

For  outside  signaling,  a  complete  radio  equipinent 
of  medium  capacity  is  supplied.  Each  boat  is  also 
equipped  with  a  submarine  signal  vvhich  consists  of  an 
electrical  device  for  producing  vibrations  for  trans- 
mittal through  the  water.  A  corresponding  telephonic 
receiving  device  is  used  to  pick  up  vibrations  from  the 
water  for  the  detection  of  the  approach  of  ships. 

LIGHTING  AND   HEATING 

The  submarine  is  thoroughly  lighted  with  standard 
lamps,  enclosed  by  heavy  glass  globes  for  protection. 
All  lamps  on  the  starboard  side  of  the  boat  are  con- 
nected to  one  feeder,  while  those  on  the  port  side  are 
connected  to  another,  so  that  the  lighting  of  each  side 
of  the  boat  is  separately  controlled.  Dimmer  rheostats 
are  connected  in  to  protect  the  lamps  from  the  exces- 
sive voltages  occuring  when  the  batteries  are  being 
charged. 

For  heating,  electrical  resistor  radiators  are  in- 
stalled in  necessary  parts  of  the  boat.  An  electric  range 
and  electric  water  heaters  are  installed  in  the  galley. 

The  apparatus  enumerated  in  the  preceding  pages 
constitutes  the  complete  electrical  equipment  of  a  typi- 
cal submarine  of  the  present  day.  For  future  develop- 
ment of  submarines,  indications  point  toward  a  con- 
siderable increase  in  size  and  power.  While  this  will, 
of  course,  increase  the  size  and  rating  of  the  electrical 
apparatus,  it  will  not  materially  change  the  outline  of 
the  required  number  and  kind  of  appliances. 
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Wesley  G.  Carr 

Patent  Attorney, 

Westinghouse  Electric  &  Mfg.  Company 


THE  foundation  of  many  of  the  great  Ameiican 
industrial  organizations  was  laid  in  patents  and 
it  is  largely  due  to  the  spur  and  stimulus  of  pat- 
ents and  patent  protection  that  the  United  States  has 
acquired  its  present  position  of  pre-eminence  in  the  in- 
dustrial world. 

With  the  reorganization  of  world  affairs,  attendant 
upon  the  closing  of  the  great  war,  industrial  competi- 
tion between  the  different  nations  promises  to  be  more 
active  and  more  bitter  than  ever  before  and,  under 
these  conditions,  it  behooves  American  industry  to  de- 
vise and  to  develop  every  possible  means  for  increas- 
ing the  efficiency  of  labor  and  for  the  production  of 
goods  at  lower  costs. 

Careful  thought  should  be  given  to  the  American 
patent  system  to  see  that  it  is,  in  every  way,  as  well 


adapted  as  may  be  possible  for  the  important  function 
it  is  to  perform  in  stimulating  invention  and  mechanical 
development  in  the  coming  years. 

Bearing  these  conditions  in  mind,  the  National  Re- 
search Counsel  recently  appointed  a  committee  of  men 
having  exceptionally  high  qualifications  to  investigate 
and  report  upon  the  patent  system,  with  a  view  to  as- 
certaining its  more  pronounced  defects,  and  to  formu- 
late methods  and  means  for  curing  them  and  to  further 
propose  such  innovations  as  may  be  demanded  by  the 
developments  of  our  national  life.  This  committee 
was  constituted  as  follows: — Dr.  William  F.  Durand, 
Chairman;  Drs.  Leo  H.  Baskeland  and  M.  I.  Papin, 
scientists  and  inventors ;  Drs.  R.  A.  Millikan  and  S.  W. 
Stratton,  scientists ;  Dr.  Reid  Hunt,  physician ;  and 
Messrs.  Frederick  P.  Fish,  Thomas  Ewing  and  Edwin 
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J.  Prindle,  patent  lawyers.  On  the  departure  of  Dr. 
Durand  for  Europe,  Dr.  Baskeland  was  appointed  Act- 
ing Chairman  of  the  Committee. 

After  careful  investigation  and  mature  delibera- 
tion, the  committee  made  four  definite  recommenda- 
tions which  it  believed  would  increase  the  effectiveness 
and  usefulness  of  the  Patent  Office  and  of  the  patent 
system,  and  these  recommendations  were  embodied  in 
bills  introduced  into  Congress.  The  four  committee 
recommendations  are  as  follows. 

A  SINGLE  COURT  OF  PATENT  APPEALS 

At  present,  the  United  States  is  divided  into  nine 
judicial  circuits  and  each  circuit  has  its  own  Circuit 
Court  of  Appeals,  which  is  the  court  of  last  resort  in 
patent  suits  except  under  certain  unusual  conditions, 
discussion  of  which  is  not  pertinent  here.  The  exist- 
ence of  these  nine  courts,  having  concurrent  and  co- 
extensive jurisdiction,  leads  to  great  confusion,  as  it  is 
practically  impossible  for  different  bodies  of  men,  hav- 
ing different  training  and  viewpoints,  to  construe  the 
same  facts  in  the  same  way  or  to  apply  the  same  law  in 
the  same  manner.  Thus,  a  patent  may  be  held  valid  in 
one  circuit  and  invalid  in  another,  with  attendant  doubt 
and  confusion  as  to  the  true  status  of  the  rights  af- 
forded thereby. 

It  is  proposed  to  constitute  a  single  Court  of  Pat- 
ent Appeals  to  sit  in  Washington,  the  Court  embody- 
ing seven  members,  one  a  Chief  Justice  to  sit  for  life 
and  the  other  six  to  be  selected  from  among  the  Federal 
Judges  of  the  country  by  the  Chief  Justice  of  the  Su- 
preme Court  of  the  United  States. 

A  court  of  this  character  would  do  much  to  ci-ystal- 
ize  the  patent  law  and  would  pave  a  way,  by  a  line  of 
leading  decisions,  whereby  many  questions  that  at 
present  vex  and  harass  those  interested  in  patents  would 
be  rendered  capable  of  solution  in  a  prompt  and  effec- 
tive manner. 

THE    PATENT   OFFICE   A    SEPARATE    INSTITUTION    AND    IN- 
DEPENDENT  OF  THE  DEPARTMENT  OF  THE  INTERIOR 

At  present,  the  Patent  Office  is  a  branch  of  the 
Interior  Department,  although  it  has  nothing  in 
common  with  any  other  branch  of  this  Department. 
The  Secretary  of  the  Interior  has  appellate  jurisdic- 
tion over  all  the  other  branches  of  the  Department  of 
the  Interior  but  exercises  only  a  slight  supervisory 
authority  over  the  Patent  Office. 

All  appropriations,  etc.  for  the  Patent  Office  are 
subject  to  examination  and  criticism  in  conjunction 
with  appropriations  for  other  branches  of  the  Interior 
Department,  such,  for  example,  as  the  Pension  and 
Land  Offices.  Obviously,  a  request  or  a  need  for  a 
large  sum  of  money  in  the  Pension  Office  should  have 
no  effect  on  the  appropriation  for  the  Patent  Office  but, 
so  long  as  these  offices  are  bureaus  of  the  same  Depart- 
ment, their  appropriations  are  subject  to  competitive  ex- 
amination and,  consequently,  the  Patent  Office  does  not 
receive  the  consideration  that  it  merits. 

It  is  proposed  to  conduct  the  Patent  Office  as  a 


distinct  government  bureau  so  that  its  appropriations, 
etc.  may  be  subject  to  independent  examination  and  be 
given  consideration  in  accordance  with  their  merits. 

INCREASES  IN   SALARIES  OF  THE  PATENT  OFFICE 

The  salaries  of  the  principal  examiners  in  the  Pat- 
ent Office  have  increased  only  ten  percent  since  1848, 
when  they  were  approximately  the  same  as  those  of 
members  of  Congress.  During  the  past  seventy  years, 
the  compensation  for  technical  service,  in  almost  all 
lines,  has  been  increased  very  largely  but  the  Patent 
Office  examiner  receives  practically  the  same  remun- 
eration for  work  of  a  highly  technical  character  as  was 
paid  seventy  years  ago,  although  the  compensation  of 
Congressmen  has  tripled  in  the  meantime. 

Although  a  principal  examiner  must  necessarily 
have  had  a  liberal  technical  education  in  order  to  have 
acquired  the  position  he  holds,  his  salary  is  only  $2700 
per  year  which  is  not  only  insufficient  to  enable  him  to 
provide  a  college  education  for  his  sons  but  is  hardly 
more  than  the  wages  of  a  day  laborer,  under  existing 
economic  conditions.  Such  compensation  is  obviously 
and  grossly  inadequate. 

Largely  because  of  inadequate  compensation,  an 
extremely  rapid  turn-over  of  the  force  within  the  Pat- 
ent Office  is  an  ever  present  condition,  25%  of  the  ex- 
aminers and  assistant  examiners  having  resigned  within 
the  past  three  years.  It  necessarily  follows  that  the 
consideration  and  examination  given  to  applications 
falls  far  short  of  what  would  be  possible  with  a  force  of 
adequately  paid  examiners  of  long  experience. 

It  is  proposed  to  increase  the  salaries  of  the  ex- 
amining corps,  in  order  that  they  may  conform,  with 
some  degree  of  approximation,  to  the  present  salaries 
paid  to  outsiders  having  similar  technical  equipment 
and  engaged  in  work  of  corresponding  technical  char- 
acter. 

COMPENSATION  FOR  INFRINGEMENT  OF  PATENTS 

At  the  present  time,  if  an  infringer  of  a  patent  is 
brought  to  Court,  an  injunction  may  be  obtained  bar- 
ring him  from  further  infringement  but  it  is  extremely 
difficult  to  secure  adequate  compensation  for  past  in- 
fringement. Particularly  is  this  true  where  the  in- 
fringing structure  has  constituted  only  a  part  of  the 
article  as  sold  and  wherein  its  effect  upon  the  salability 
was  therefore  more  or  less  indefinite.  It  is  proposed 
that  the  Court,  on  due  proceedings  had,  may  adjudge 
and  decree  to  the  owner  of  a  patent  payment  of  a  rea- 
sonable royalty  or  other  form  of  general  damages  as 
compensation  for  past  infringement,  a  power  which  the 
courts  are  now  extremely  loathe  to  exercise,  in  the 
absence  of  specific  legal  authority. 

The  above  suggestions  have  been  made  by  a  highly 
competent  committee  of  men  outside  the  Patent  Office, 
after  long  and  careful  consideration,  and  are  believed  to 
merit  the  careful  thought  of  everyone  interested  in  the 
American  Patent  System  and  to  justify  the  exercise  of 
every  reasonable  effort  to  induce  Congress  to  embody 
them  in  legislative  enactments. 
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Polarity 
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IF  two  transformers  are  connected  in  parallel  and 
a  large  exchange  current  results,  the  position  of 
either  the  primary  or  secondary  terminals  of  one 
of  them  must  be  interchanged.  This  will  reverse  the 
time-phase  relation  of  the  secondary  voltage  of  that 
particular  unit,  and  the  condition  for  parallel  operation 
will  be  established.  In  connecting  transformers  in 
parallel,  if  the  relative  direction  of  the  primary  and 
secondary  windings  around  the  magnetic  circuit,  and 
the  position  of  the  leads  issuing  from  the  case  are  the 
same  on  the  two  units,  similarly  located  leads  should 
be  connected  together.  Transformers  which  may  be 
connected  for  parallel  operation  with  similarly  located 
leads  joined,  are  said  to  have  the  same  polarity.  If 
leads  which  are  not  similarly  located  are  required  to 
be  connected  together  in  order  to  obtain  parallel  opera- 
tion, the  transformers  are  said  to  have  opposite  polar- 
ity.    Transformers    of    a    given    type    have    the    same 


FIG.    I — CONNECTIONS   FOR  DETER- 
MINING  THE  POLARITY  OF   A 
SINGLE-PHASE  TRANSFORMER 


FIG.    2 — METHOD    Of 

MARKING    THE 

LEADS    TO    INDICATE 

POLARITY 


polarity,  a  standard  polarity  being  necessary  so  that 
the  transformers  may  be  connected  always  in  the  same 
manner  when  they  are  ,to  be  operated  'in  parallel. 
Transformers  of  the  same  class,  for  example  distribu- 
tion transformers,  usually  have  the  same  polarity. 

POLARITY   OF   SINGLE-PHASE   TRANSFORMERS 

If  a  transformer  be  connected  as  shown  in  Fig.  i, 
the  value  indicated  by  the  voltmeter  will  be  the  sum 
or  the  difference  of  the  voltages  of  the  supply  and  load 
circuits.  Whether  the  voltmeter  will  indicate  the 
numerical  sum  or  difference  of  these  voltages,  will  de- 
pend upon  the  relative  directions  of  the  two  windings 
around  the  magnetic  circuit,  and  on  the  way  the  leads 
are  brought  out.  Two  transformers  have  the  same 
polarity  if  the  voltages  indicated  by  a  voltmeter  con- 
nected on  first  one  and  then  the  other,  as  shown  in  Fig. 
I,  are  the  sum  of  the  supply  and  load  circuits  for  both 
units  or,  are  in  both  cases,  the  difference  of  these  volt- 
ages. 

In  order  that  the  polarity  of  transformers  shall  be 
at  once  apparent  so  that  parallel   connections  will  be 


expedited,  it  is  customary  to  mark  the  leads  so  that 
the  phase  relation  of  the  voltages  in  the  primary  and 
secondary  windings  will  be  indicated.  For  example,  if 
the  leads  are  marked  as  shown  in  Fig.  2,  the  conven- 
tion is  to  indicate  that  if  the  winding  whose  leads  are 
marked  1-2  be  excited  by  a  voltage  whose  phase  rela- 
tion is  indicated  by  the  arrow  pointing  from  /  to  2,  the 
phase  relation  of  the  voltage  in  the  secondary  winding 
will  be  indicated  by  the  arrow  pointing  from  j  to  ./. 
In  other  words,  the  two  voltages  are  180  degrees  apart 
in  time  phase  relation,  and  consequently  when  leads  2 
and  J  are  connected  together,  the  voltage  between  leads 
I  and  ^  would  be  the  sum  of  the  impressed  and  de- 
livered voltages  or  the  polarity  would  be  additive.  To 
operate  transformers  thus  marked  in  parallel,  as  far  as 
the  matter  of  polarity  is  concerned,  it  is  only  necessary 
to  connect  similarly  marked  leads  together. 

The   above,   while   having  a   practical   value,   is   a 


\\"i.\\  rmr 


Induced.  Vollace"? 


FIG.   3- 


-RELATIVE  DIRECTION  OF  THE  IMPRESSED   AND 
INDUCED   VOLTAGES 


In  the  windings  of  a  single-phase  transformer  whose 
polarity  is  additive  when  the  leads  are  connected  as  indicated 
in  Fig.  I. 

rather  superficial  discussion  of  the  subject  of  polarity 
as  is  evidenced  by  the  following.  Fig.  3  indicates  the 
coils  shown  in  Fig.  i  and  2,  wound  on  the  magnetic 
circuit  in  a  continuous  spiral,  so  as  to  give  an  additive 
polarity  when  they  are  connected  as  shown  in  Fig.  i. 
The  voltage  between  4  and  /  is  not  actually  the  sum 
of  that  impressed  on  the  primary  winding  and  that 
induced  in  the  secondary  winding,  but  is  the  induced 
voltage  in  the  two  coils  connected  together  and  con- 
sidered as  one  winding.  The  arrows  on  the  leads  in- 
dicate the  instantaneous  directions  of  the  currents  in 
the  windings  which  would  result  if  /  and  4  were  con- 
nected together.  If  the  coil  5-^  had  been  wound  around 
the  magnetic  circuit  in  the  direction  opposite  to  that 
of  1-2,  the  induced  voltages  in  the  two  coils  would  have 
opposed  each  other  and  the  polarity  of  the  transformer 
would  have  been  subtractive. 

POLARITY   OF   THREE-PHASE    TRANSFORMERS 

It  has  been  shown  that,  if  two  similar  single-phase 
transformers  be  connected  in  parallel,  and  a  condition 
results  which  is  not  operative,  it  is  only  necessary  I0 
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reverse  either  the  primary  or  secondary  connections  of 
one  transformer  and  the  difficulty  will  disappear.  With 
three-phase  transformers  the  problem  is  not  so  simple, 
and  the  different  methods  by  which  the  coils  are  wound 
or  connected  may  result  in  conditions  in  which  it  is 
not  possible  to  parallel  one  transformer  with  another  by 
interchange  of  the  leads  on  the  outside  of  the  case.* 
This  will  be  seen  by  comparing  the  several  connections 
vi'ith  the  corresponding  vector  diagram  of  voltages. 

Let  the  direction  of  winding  the  coils,  for  example, 
be  indicated  by  Fig.  4,  which  shows  that  if  the  current 
enters  by  lead  A,  it  goes  left  handedly  around  the  coil, 
and  if  by  lead  a,  it  goes  around  right  handedly.  The 
change  from  left  handed  to  right  handed  circulation  of 
the  current  around  the  magnetic  circuit  could  also  be 


FIG.    4 — THE  ASSUMED  DIRECTIONS   OF  THE  VOLTAGES   IN   THE 
THREE  COILS 

When  n  three  phase  flux  exists  in  the  magnetic  circuit. 

changed  by  actually  changing  the  direction  of  winding 
the  coil.  Assume  that  a  three-phase  flux  exists  in  the 
magnetic  circuit  and  let  the  voltages  of  the  three  coiis 
be  represented  by  the  arrows  in  Fig.  4.  If  these  three 
coils  are  connected  in  the  several  ways  shown  in  Fig. 
5,  the  three-phase  voltages  resulting  are  shown  by  the 
vector  diagrams.  The  left-handed  star  connection,  for 
example,  is  so  called  because  current  entering  on  lead 
A  passes  left  handedly  around  the  coil.  Fig.  5  shows 
the  four  different  connections,  which  give  voltages  dif- 
fering in  phase  relation  : — 

The  primary  windings  of  a  given  transformer  may 
be  connected  to  give  voltages  shown  in  a,  h,  c,  or  d, 
and  the  secondaries  may  be  connected  in  a  similar  man- 
ner. This  makes  possible  16  different  connections  on 
one  transformer,  and  the  problem  is  to  determine  hovv' 
many  of  these  combinations  will  allow  one  transformer 
to  be  paralleled  with  another  transformer  having  the 
same  possible  connections.     When  comparing  a  certain 


must  be  rotated  180  degrees  to  represent  the  true  sec- 
ondary condition.  The  reason  for  this  being  that  with 
similar  windings  on  primary  and  secondary,  the  second- 
ary voltage  of  a  transformer  is  180  degrees  out  of 
phase  from  that  impressed  on  the  primary  side.  The 
following  table  gives  the  angular  displacement  between 
the  primary  impressed  and  secondary  delivered  voltages 
for  all  of  the  possible  combinations.  Fig.  5. 


P^P^F^ 


^ 
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(a)      Lett  HantJcd  Star  f^C 


I^ 


) >-Ec» 


(b)     Right  Handed  Star 


fi£l4£j 


□ 


di 


(c  )      Left  Handed  Delta 


(d)       Right  Handed  Delta 


FIG.    5 — THE   PHASE   RELATION   OF  THE  THREE-PHASE  VOLTAGES 

Resulting  from  the  several  connections  shown. 


Combinations 
Primary        Secondary 


a 

b 

a 

c 

a 

d 

b 

a 

b 

b 

b 

c 

b 

d 

c 

a 

c 

b 

c 

c 

c 

d 

d 

a 

d 

b 

d 

c 

d 

d 

Angular. 

Displacement. 

Degrees. 

180 

0 

30 

advance 

30 

retardation 

180 

30 

retardation 

30 

advance 

30 

retardation 

30 

advance 

180 

0 

30 

advance 

30 

retardation 

FIG.  6 — MARKING  OF  LEADS  ON  A 

STAR-STAR      CONNECTED 

THREE-PHASE    TRANSFORMER 


fci^ 


FIG.    7 — MARKINGS    OF   LEADS   ON 

A    STAR-DELTA    CONNECTED 

THREE-PHASE    TRANSFORMER 


FIG.    8 — BRINGING    THE    LEAD    A' 

OF     A     STAR-DELTA     CONNECTION 

OUT    AT    A     DIFFERENT    POSITION 

RELATIVE   TO    LEADS    b',    d 


connection  on  the  primary  with  one  on  the  secondaiy, 
the  phase  relation  of  the  voltages  as  shown  by  a,  b,  c,  d, 

♦See  article  on  "Polarity  of  Transformers  for  Parallel 
Operation"  by  W.  M.  McConahey  in  the  Journal  for  July,  1912, 
p.  613;  and  on  "Polarity  of  Transformers"  by  W.  M.  Dann,  in 
the  Journal  for  July,  1916,  p.  350. 


These  combinations  will  operate  in  parallel  in 
which  the  primary  and  secondary  voltages  are  out  of 
lime-phase  by  the  same  amount,  except  those  cases 
where  the  displacement  is  in  advance  in  one  case  and  a 
retardation  in   the  other.     For  example  a-c  and  a-d. 
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a — a  with  b — b,  c — c,  and  d — d. ..  .180° 
a — b  with  b — a,  c — d,  and  d — c. ...  0° 
a — c  with  b — d,  c— b,  and  d — a. ...  30° 


while  each  have  an  angvilar  displacement  of  30  degrees, 
will  not  parallel  with  each  other  because  the  secondary 
voltages  are  out  of  phase  by  60  degrees.  From  an  in- 
spection of  this  table  it  is  evident  that  the  following 
combination  will  parallel,  as  far  as  polarity  is  concerned. 

angular  displacement 

angular  displacement 

angular  displacement 

(advance) 

a — d  with  b— c,  c — a,  and  d — b. ..  .  30°  angular  displacement 

(retardation) 

When  it  has  been  determined  that  two  three-phase 
transformers  have  the  same  angular  displacement  of 
the  secondary  voltage  compared  to  that  impressed  on 
the  primary  side  and  therefore  can  be  operated  in  par- 
allel, it  remains  to  be  determined  which  leads  should  be 
connected  together  on  both  the  primary  and  secondary 
sides.  In  order  to  expedite  this  connection  of  leads 
it  is  customary  to  mark  them  so  as  to  indicate  the  phase 


sequence  of  their  voltages.  If,  for  example,  the  leads 
issuing  from  the  high  voltage  side  of  a  transformer  are 
marked  A,  B,  C,  and  the  low  voltage  leads  are  marked 
A',  B',  C,  the  letters  can  be  so  placed  on  the  leads  as 
to  indicate  the  phase  sequence  of  die  voltages  as  shown 
in  Fig.  6.  In  connecting  the  two  transformers  in  par- 
allel, like-lettered  leads  are  connected  together  on  both 
the  high  voltage  and  low  voltage  sides.  The  phase  se- 
quence of  the  leads  may  be  traced  out  in  several  ways 
but  the  most  obvious  one  is  by  the  use  of  Fig.  5,  which 
indicates  that  similarly  located  leads  should  have  the 
same  letter  on  all  transformers.  For  example,  if  the 
high  voltage  leads  are  marked  A,  B,  C,  as  shown  in 
Fig.  7,  the  low  voltage  leads  should  be  marked  as  in- 
dicated. Had  the  lead  marked  A'  on  the  low  voltage 
side  been  brought  out  the  other  side  of  the  B',  C  leads, 
it  should  be  so  marked  as  shown  in  Fig.  8. 


Th!%  ■[''low  of  Power  m  Electrical  j^lachiiiDB 

J.  Slepian 

Research  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 

In  the  following  article  it  is  shown  that  the  usual  concept  of  power  flow  in  conducting  wires 
does  not  correspond  to  any  physical  fact,  and  the  necessity  is  developed  for  believing  m  a  power 
flow  through  the  insulating  space  around  the  wires.  The  Poynting  vector  which  gives  this  power  flow  is 
defined  and  its  properties  explained.  By  means  of  it  the  power  flow  in  the  reactor,  transformer,  direct- 
current   generator,   alternator,   synchronous   condenser  and  induction  motor  is  pictured. 


IN  THE  mental  picture  which  most  engineers  have 
of  the  electrical  machines  with  which  they  are 
familiar,  the  wires  which  carry  current  serve  at  the 
same  time  to  carry  electric  energy  to  the  places  where 
it  is  transferred  into  mechanical  or  other  form.  Thus 
they  think  of  the  power  flow  as  occurring  in  the  con- 
ducting wires.  They  have  heard  of  another  concep- 
tion, namely  that  the  power  flow  really  takes  place  not 
in  the  conductor,  but  in  the  space  surrounding  the  con- 
ductor, but  few  have  really  understood  this  conception. 

This  supposed  power  flow  in  the  conductor  is 
taken  to  be  given  quantitatively  by  the  product  of  the 
potential  and  the  current  at  any  cross-section  of  the 
conductor.  This  gives  correct  results  for  certain 
simple  circuits.  For  example,  assume  a  heating  coil 
in  a  bag,  with  the  two  terminals,  a,  b,  protruding.  Let 
us  bring  the  terminal  a  to  potential  Fa  and  the  terminal 
b  to  potential  Vt,  so  that  a  current  i  flows  in  at  a.  Then 
entering  the  bag  at  a  is  the  current  i  at  potential  Fa,  so 
that  supposedly  we  have  the  power  VJ.  entering  at  term- 
inal a.  Similarly,  at  terminal  b  we  have  the  power 
Fb  X  ( — 0  =  ^t>»  entering  the  bag.  Thus  the  total 
power  entering  the  bag  is  VJ,  —  Vx,i  =  (Fa  —  Fi,)j. 
Now  this  actually  equals  the  Joulian  heat  developed, 
as  application  of  Ohm's  and  Joule's  laws  would  show, 
and  thus  seems  to  be  a  verification  of  the  theory  of 
power  flow  in  the  conductor. 

However,  even  if  there  is  an  electric  power  flow 
in  the  conductors,  there  must  be  some  other  mode  of 
transfer  of  electrical  energy.  For  example;  assume 
two    coils   inductively   coupled.     Across    the   terminals 


of  one  put  a  resistor.  Put  a  bag  around  the  other,  and 
apply  an  alternating  potential  difference  to  the  terminals 
a,  b  which  protrude.  Then  just  as  before,  the  power 
flow  into  the  bag  at  the  terminals  a,  b  is  (Fa  —  Ft)  i. 
Now  there  is  no  transformation  within  the  bag  of  elec- 
trical energy  into  other  forms.  The  transformation 
into  heat  takes  place  in  the  resistor  outside  the  bag. 
Hence  the  power  flow  into  the  bag  at  the  terminals  a,  b, 
cannot  be  the  whole  story.  There  must  be  an  equiva- 
lent power  flow  out  of  the  bag  in  some  other  way. 

When  we  come  to  examine  conditions  inside  the 
conductor,  we  fail  to  find  any  physical  evidence  of  this 
supposed  power  flow,  Vi.  There  seems  to  be  no  rela- 
tion between  conditions  inside  the  wire,  and  the  power 
transmitted.  Consider,  for  example,-  a  transmission  line 
with  return  wire  carrying  a  direct  current  i.  Within 
the  wire  we  have  both  an  electric  and  magnetic  field. 
The  electric  field  is  that  which  is  necessary  by  Ohm's 
law  to  cause  the  current  i  to  flow.  If  the  wire  is  of 
constant  cross-section  and  resistance,  and  if  the  current 
is  uniformly  distributed  over  the  cross-section,  then 
the  electric  field  in  the  wire  will  be  a  uniform  field  with 
the  lines  of  force  parallel  to  the  axis  of  the  wire,  and 
the  magnitude  of  the  electric  force  will  be  equal  to  the 
resistance  r  of  a  unit  length  of  the  wire,  multiplied  into 
the  current  i.  This  field  is  shown  in  Fig.  i  (a). 
The  vertical  lines  represent  equipotential  surfaces,  and 
the  horizontal  arrows  the  lines  of  force. 

By  the  electric  force  at  any  point  is  meant  the 
mechanical  force  which  would  be  exerted  upon  a  unit 
electric  charge  placed  at  that  point.     In  the  case  of  the 
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electric  field  produced  by  static  charges,  the  electric 
force  is  the  gradient  of  the  electric  potential.  Fields 
of  electric  force  may,  however,  be  produced  otherwise 
than  by  static  charges;  such  fields  of  electric  force  ap- 
pear where  magnetic  flux  changes.  This  is  explained 
more  fully  in  the  section  dealing  with  the  reactance  coil. 


<l      I      I     " — 
* 

« 


FIG.  I  (a) 

(a)  Electric  field  in  wires. 

(b)  Magnetic  field  in  wires. 


FIG.   i(b) 


Electric  fields  produced  by  tliis  last  means  consist  of 
lines  of  force  forming  closed  loops,  and  have  no  poten- 
tial. When  a  conductor  lies  in  such  a  field,  charges 
automatically  appear  on  the  surface,  in  such  a  way  as 
to  make  the  electric  field  inside  the  conductor  corres- 
pond to  the  current  inside  the  conductor  according  to 
Ohm's  law.  Because  of  these  surface  charges,  the  elec- 
tric field  inside  a  conductor  is  usually  very  different 
from  the  field  outside.  Lines  of  electric  force  coming 
from  outside,  terminate  in  these  surface  charges  and 
do  not  pass  on  into  the  conductor.  The  electric  field 
due  to  these  surface  charges  alone  has  a  potential,  and 
it  is  this  potential  which  is  commonly  used  in  electrical 
engineering. 

The  magnetic  field  inside  the  conductors,  if  the 
cross-sections  are  circular,  and  the  wires  are  not  too 
near  together,  will  consist  of  lines  of  force  which  are 
concentric  circles.  The  intensity  of  the  magnetic  force 
is  easily  found.  Letting  Hr  be  the  intensity  at  a  dis- 
tance r  from  the  center  of  a  cross-section,  by  putting  the 
magnetomotive  force  around  the  concentric  circle  of 
radius  r  equal  to  4  ;r  -^  10  times  the  current  enclosed, — 

"'      10  d- 


rH,= 


-orH,  ■■ 


where  a  is  the  radius  of  the  cross-section  of  the  wire. 

Now  take  this  same  transmission  line  and,  keeping 
the  current  the  same,  double  the  voltage.  Then  the 
power  transmitted  must  be  twice  that  transmitted  with 
the  lower  voltage.  Now  how  are  conditions  changed 
inside  the  wires  with  this  increased  power  flow?     The 


current  and  is,  therefore,  just  the  same  as  before,  in 
spite  of  the  doubled  power  flow.  Thus  current,  elec- 
tric field,  magnetic  field  are  all  unchanged  inside  the 
wires.  If  we  imagine  a  being  confined  inside  the  wire, 
he  would  find  absolutely  no  difference  in  the  conditions 
of  his  surroundings,  no  matter  how  the  power  flow 
would  be  changed,  if  only  the  current  were  kept  con- 
stant. 

This  examination  of  the  interior  state  of  wires 
makes  it  seem  probable  that  the  flow  of  energy  does  not 
take  place  inside  tlie  wires.  We  are,  therefore,  com- 
pelled to  say  that  the  flow  takes  place  in  the  medium 
outside  of  the  wires.  Let  us  examine  the  medium  ex- 
terior to  the  transmission  line  conductors  considered 
above,  under  the  conditions  of  constant  current  and 
change  of  voltage  with  a  consequent  change  of  power 
delivery.  There  will  be  an  electric  and  a  magnetic  field 
in  this  medium.  Neglecting  for  the  moment  the  resist- 
ance of  the  wires,  the  electric  field  consists  of  lines  of 
force  which  are  circular,  and  terminate  perpendicu- 
larly on  the  surfaces  of  the  conductors.  (Fig.  2).  The 
magnetic  field  will  be  indicated  by  closed  circular  lines 
of  force  enclosing  the  wires.    (Fig.  3). 


FIG.   2  FIG.  3  FIG.  4 

current  is,  of  course,  the  same.  Now  the  electric  field 
inside  the  wire  is  entirely  determined  by  the  current 
alone.  That  is,  the  electric  force  must  have  that  value 
called  for  by  Ohm's  law  to  give  the  current  i.  Hence, 
the  electric  field  inside  the  wires  is  exactly  the  same 
with  this  doubled  power  flow  as  before.  Also,  the 
magnetic   field   inside   the   wires   depends   only  on   the 
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FIGS,  s  and  6 

Now  suppose  the  voltage  be  doubled  but  the  cur- 
rent be  kept  unchanged.  Then  the  magnetic  field  in  the 
exterior  medium  will  be  unaffected,  but  the  electric 
field  will  be  doubled  in  strength.  (Fig.  4).  Thus  the 
state  of  the  external  medium  is  changed  when  tlie  power 
flow  is  changed.  Assuming  then  that  the  power  flow 
does  take  place  in  the  medium,  it  would  be  natural  to 
suppose  that  it  is  most  concentrated  where  the  electric 
and  magnetic  fields  are  strongest.  Also,  in  the  example 
here  discussed  the  total  power  transmitted  is  propor- 
tional to  the  product  of  the  potential  difference  between 
the  conductors  and  the  current.  Now  the  electric  field 
strength  at  any  point  is  proportional  to  this  potential 
difference,  and  the  magnetic  field  strength  is  propor- 
tional* to  the  current.  This  suggests  that  the  power 
flow  at  any  point  is  proportional  to  the  product  of  the 
electric  and  magnetic  field  strengths  at  the  point.  The 
example  here  discussed  also  suggests  that  the  direction 
of  power  flow  at  any  point  is  perpendicular  to  both  the 
electric  and  magnetic  force  at  the  point. 

Poynting,  an  English  physicist,  first  proposed  that 
the  following  vector  be  taken  to  represent  the  power 
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flow  at  any  point.  The  direction  of  the  vector  is  per- 
pendicular to  the  directions  of  the  electric  and  magnetic 
vectors  at  the  point  considered,  and  is  related  to  the 
electric  and  magnetic  force  like  the  middle  finger  of 
the  right  hand  is  related  to  thumb  and  forefinger  in  the 
usual  convention;  the  magnitude  of, this  vector  is: — 

^E  H sin  e 

\\'here,  E  and  H  are  the  intensities  of  the  electric 
and  magnetic  force  respectively,  and  *  is  the  angle  be- 
tween them.  The  factor  of  proportionality,  —  is  for 
absolute  units,  c  being  the  velocity  of  light.  This  vec- 
tor is  called  the  Poynting  vector  and  is  extensively  used 
by  workers  in  theoretical  electromagnetism. 

Poynting  showed  that  if  a  portion  of  space,  in- 
cluding any  electrical  apparatus,  be  enclosed  by  a  sur- 
face, say  by  a  bag,  and  if  the  power  flow  inward  through 
the  various  parts  of  the  surface  be  calculated  by  means 
of  the  Poynting  vector  and  totaled  for  the  whole  sur- 
face, the  result  will  give  the  rate  at  which  the  electro- 
magnetic energy  is  increasing  within  the  surface  plus 
the  rate  at  which  electromagnetic  energy  is  being 
changed  into  other  forms  within  the  surface.  Then, 
whether  or  not  the  Poynting  vector  does  represent  the 
true  power  flow  at  a  point,  we  will  always  be  led  ro 
correct  results  when  using  it. 


FIG.   8 


Turning  now  to  the  transmission  line,  it  can  be 
seen  how  the  Poynting  vector  is  disposed  there.  As- 
suming that  the  wires  have  resistance,  it  is  seen  that 
the  electric  field  will  be  modified,  as  there  must  be  a 
potentiaj  gradient  parallel  to  the  wires,  so  that  in  the 
neighborhood  of  the  conductors  the  electric  force  will 
have  a  component  parallel  to  the  conductors.  Also  the 
electric  force  must  decrease  as  one  progresses  along  the 
wire.  Hence  from  Fig.  2  is  obtained  the  diagram  of  the 
electric  field  shown  in  Fig.  5.  The  magnetic  field  is  as 
shown  in  Fig.  3.  Combining  the  two  fields  to  get  the 
Poynting  vector  we  get  Fig.  6. 

Here  we  see  the  lines  of  power  flow  dense  at  one 
end  of  the  transmission  line,  but  thinning  out  toward  the 
load  end,  the  lost  lines  running  into  the  wires.  Let  us 
see  what  becomes  of  these  lines  inside  the  wires.  The 
internal  electric  and  magnetic  fields  are  shown  in  Fig. 
I.  We  see  readily  that  the  Poynting  vectors  point  rad- 
ially inward  toward  the  axis  of  the  wires.  The  in- 
tensity of  the  Poynting  vector  at  a  point  distant  r  from 
the  axis  is  proportional  to,- — 


EX  H  =  E  X 


T  r  or  is  proportional  to  r  =  ir 


the  outer  surface  has  the  value  ^rj.  The  outer  surface 
area  is  ^  w  >■■>.  Hence  the  power  flowing  in  through 
the  outer  surface  is  2  ir  k  rr.  Similarly,  the  power  flow- 
ing out  of  the  shell  inwards  from  the  inner  surface  is 
.'TrX-r,-'.  The  total  power  consumed  in  the  cylindrical 
shell  IS  J  n  /.■(,■■;--  rr).  The  volume  of  the  shell  is 
'T  i'-r  —  ir).  Hence  the  power  consumption  per  unit  vol- 
ume is  ^"  J_^  J  =  2i\  This  consumed  power  appears 
as  Joulian  heat.  Thus  the  power  which  flows  into  the 
conductor  from  the  medium  is  dissipated  uniformly  over 
the  volume  of  the  conductor  as  heat.  The  medium 
transmits  the  power.  The  wires  dissipate  whatever 
power  flows  into  them.  The  function  of  the  wires  is 
not  to  carry  the  power,  but  to  direct  it,  since  the  charges 
on  the  surface  of  the  wires  cause  the  lines  of  electric 
force  to  be  perpendicular  to  the  wire,  and  the  current 
in  the  wire  produces  a  magnetic  field  whose  lines  of 
force  embrace  the  conductors;  thus  these  two  fields 
combine  to  give  a  flow  of  power  parallel  to  the  wires  in 
the  surrounding  medium. 

Consider  now  the  following  simple  electrical  sys- 
tem which  offers  some  interesting  points.  Assume  a 
wire  forming  a  closed  circular  loop  and  carrying  cur- 
rent. The  form  of  the  magnetic  field  which  it  produces 
is  well  known.    (Fig.  8).     Suppose  the  wire  has  so  small 


Let  us  calculate  the  total  powder  flowing  into  a  cylin- 
drical shell,  of  inner  radius  r^,  and  of  outer  radius  r,, 
and  one  unit  in  length  (Fig.  7).  The  Poynting  vector  on 


a  resistance  that  the  electric  field  for  maintaining  this 
current  may  be  neglected.  Now  take  a  unit  positive 
electric  charge,  whose  radial  electric  field  is  well  known 
(Fig.  9)  and  place  it  at  the  center  of  the  circular  loop 
of  wire.  The  whole  electromagnetic  field  is  now  sym- 
metrical about  the  axis  of  the  circular  loop.  The  lines 
of  electric  force  and  the  lines  of  magnetic  force  lie  m 
planes  through  this  axis.  Hence  the  Poynting  vector 
at  all  points  is  perpendicular  to  these  planes,  and  there- 
fore, the  lines  of  power  flow  are  closed  circles  whose 
centers  are  on  the  axis.  Furthermore,  from  symmetry, 
the  Poynting  vector  is  of  constant  intensity  all  along 
any  circle  of  power  flow.  Thus  although  here  there  are 
no  changes  of  energy  distribution  taking  place,  still  the 
concept  of  the  Poynting  vector  leads  us  to  say  that  the 
energy  is  circulating  round  in  closed  loops. 

The  following  mechanical  example  may  make  these 
ideas  clearer.  Consider  a  body  made  up  of  three  parts, 
A,  B,  C.  (Fig.  10)  with  the  parts  A,  C  held  together 
with  B  between,  by  springs  under  tension.  Sup- 
pose the  whole  to  be  moving  with  uniform  velocity 
in  the  direction  shown  by  the  arrow.  Then  A,  B  and 
C  each  have  definite  constant  amounts  of  kinetic  energy. 
Now  in  mechanics  when  a  force  acts  upon  a  moving 
body,  we  say  that  energy  enters  that  body  if  the  direc- 
tion of  the  force  is  of  the  same  sense  as  the  velocity. 
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and  leaves  the  bod}'  if  the  direction  of  the  force  is  of 
the  opposite  sense  as  the  velocity.  The  rate  at  which 
energy  is  entering  or  leaving  the  body  is  taken  as  equal 
to  the  product  of  the  force  and  velocity.  Correct  re- 
sults are  obtained  by  these  assumptions.  Now  let  us 
apply  this  to  the  bodies  A,  B,  C.  Consider  the  reaction 
between  A  and  B.  The  force  on  A  is  opposite  in  direc- 
tion to  the  common  velocity  and  hence  energy  is  being 
removed  from  A  by  the  reaction  force  between  A  and  E. 
But  the  reaction  oi  A  on  B  is  in  the  direction  of  motion 
of  the  bodies.  Hence  this  force  of  reaction  is  doing 
work  on  B  or  supplying  it  with  energy.  Thus  by  means 
of  the  reaction  force,  energy'  is  passing  from  A  into  B. 
Now  consider  the  reaction  between  B  and  C.  Here, 
evidently,  we  must  consider  the  force  of  reaction  as  re- 
moving energy  from  B  and  supplying  an  equal  amount 
to  C.  Lastly,  the  springs,  pulling  back  on  C 
and  forward  on  A  remove  energy  from  C  and  supply 
it  to  A.  Thus  the  principles  of  mechanics  lead  us  ♦^o 
say  that  energy  is  flowing  from  A  into  B,  from  B  into 
C,  and  from  C  through  the  springs  back  into  A.  The 
similarity  between  this  and  the  preceding  electrical  ex- 
ample is  clear. 

The  system  of  forces  consisting  of  the  reactions 
between  the  bodies  and  the  tensions  of  the  springs  are 
such  as  to  produce  a  local  circulation  of  energy  without 
any  energy  leaving  or  entering  the  body.  By  changing 
the  tension  of  the  springs,  the  magnitude  of  this  local 
energy  flow  can  be  changed  arbitrarily.  We  can  super- 
pose upon  this  local  circulation  of  energy,  another  flow 
of  energy  through  the  system,  if  we  suppose  an  ex- 
ternal driving  force  acting  on  A,  and  an  external  resist- 
ing force  at  C.  Then  power  is  entering  the  whole  body 
at  A,  and  is  being  delivered  out  at  C.  The  actual  dis- 
tribution of  this  power  flow  through  the  body  depends 
on  the  amount  of  circulating  energy  flow  produced  by 
the  tension  of  the  springs,  which  is  superposed  on  the 
direct  flow  of  energy  through  the  system.  The  local 
circulation  of  energy  is  without  influence  on  the  total 
energy  entering  and  leaving  the  body.  H  we  were  in- 
terested only  in  the  passage  of  energy  through  the  body, 
we  could  neglect  any  local  circulation  of  power  in  the 
body,  even  though  strict  application  of  mechanical  prin- 
ciples would  require  us  to  consider  it. 

This  is  precisely  what  is  done  in  the  electrical  ex- 
amples here  considered.  In  general,  the  electric  and 
magnetic  fields  in  electrical  machines  are  of  great  com- 
plexity, and  it  is  very  difficult  to  obtain  a  complete 
picture  of  the  Poynting  vector  and  power  flow.  We 
shall  consider  the  electric  and  magnetic  fields  in  parts, 
that  is,  we  shall  consider  separately  the  magnetic  fields 
which  different  circuits  would  produce  alone  and  the 
electric  fields  which  different  distributions  of  charges 
and  different  alternating  magnetic  fields  produce.  It 
is  shown  in  Appendix  I  that  it  is  legitimate  to  obtain 
the  Poynting  vector  for  the  whole  electromagnetic  field 
by  adding  together  the  Poynting  vectors  given  by  tak- 
ing each   component  electric   field   together  with   each 


component  magnetic  field.  Certain  of  these  component 
electric  fields,  together  with  certain  of  the  component 
magnetic  fields  will  give  Poynting  vectors  which  cor- 
respond to  merely  local  circulation  of  power  in  the 
dielectric  medium.  This  local  energy  flow  will  be  neg- 
lected in  the  problems  here  considered,  and  the  problems 
thereby  much  simplified. 

The  example  given  above  of  an  electric  charge  with 
a  current  loop  is  typical  of  a  type  of  electromagnetic 
field  which  produces  only  local  circulation  of  energy  in 
the  dielectric  medium.  Given  an  electric  field  produced 
by  maintaining  certain  conductors  or  different  parts  of 
the  same  conductors  at  different  potentials;  given  a 
magnetic  field  produced  by  currents  flowing  in  other 
conductors;  then  this  electric  field,  taken  together  with 
tliis  magnetic  field,  gives  a  Poynting  vector  which  cor- 
responds to  only  a  local  energy  circulation  in  the  die- 
lectric medium.     This  is  proven  in  Appendix  II. 

IRON   CORED  REACTANCE 

Assume  a  long  cylinder  of  iron,  with  a  solenoid 
wound  uniformly  around  it.  For  simplicity  in  mapping 
the  magnetic  field,  suppose  that  no  eddy  currents  exist 
in  the  iron,  or  in  other  words,  that  it  is  nonconducting. 
The  magnetic  field  inside  the  solenoid  will  be  practic- 
ally uniform  and  parallel  to  the  axis  of  the  solenoid. 
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(Fig.  ii).  Outside  the  solenoid  the  magnetic  field  is 
very  small.  It  should  be  remembered  that  in  the  Poynt- 
ing vector  it  is  the  magnetic  force,  that  is  the  magneto- 
motive force  per  cm.  which  enters  and  not  the  magnetic 
flux  density.  The  electric  field  we  shall  consider  in  two 
parts,  one  produced  by  the  alternating  flux,  and  the 
other  by  the  charges  which  collect  on  the  wires  of  the 
solenoid. 

The  law  by  which  a  varying  magnetic  flux  pro- 
duces an  electric  field  is  very  similar  to  the  law  by  which 
a  current  produces  a  magnetic  field.  In  the  latter  case, 
the  magnetomotive  force,  or  the  integral  of  the  magnetic 
force  around  any  closed  loop  in  space  is  proportional  to 
the  current  enclosed  by  the  loop.  In  the  former  case 
the  electromotive  force  or  the  integral  of  the  electric 
force  around  any  closed  loop  is  proportional  to  the  rate 
of  change  of  the  flux  enclosed.  If  the  flux  along  any 
line  increases,  there  are  produced  closed  lines  of  electric 
force  surrounding  that  line.  Figs.  12  and  13  show  the 
fields  produced  by  a  current  in  a  cylinder,  and  changing 
flux  in  a  cylinder.     The  exact  correspondence  between 
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the  changing  magnetic  held  in  Fig.  i_'  and  the  electric 
held  in  Fig.  13,  stands  cnit. 

Now  consider  first  the  power  How  inside  the  mag- 
netic core.  Compare  conditions  here  with  the  interior 
of  the  wire  considered  in  connection  with  Fig.  7.  Here 
the  magnetic  field  is  uniform  and  parallel  to  the  axis 
of  the  cylinder,  and  there  the  electric  field  was  uniform 
and  parallel  to  the  axis.  Here  the  electric  field  is  of 
exactly  the  same  character  as  the  magnetic  field  there 
was.  Hence  the  Poynting  vector  here  must  be  similarly 
disiiosed,  as  the  Poynting  vector  there,  since  only  the 
pnuluct  <if  the  electric  force  and  magnetic  force  appears 
in  the  I'oNnting  vector.  Thus  energy  enters  the  core 
fnini  the  (lulside,  distributing  itself  uniformly  over  the 
volume  cjf  the  core.  This,  of  course,  is  the  magnetic 
energ\-  of  the  core.  Since  the  magnetic  field  and  elec- 
tric fields  are  alternating  and  in  time  quadrature,  the 
Poynting  vector  will  alternate  with  double  frequency  r; 
magnetic  energy  flows  into  and  out  of  the  core. 

Outside  the  core  the  magnetic  field  is  also  constant 
until  near  the  turns  of  the  solenoid.  There  the  lines 
of  magnetic  force  bend  and  become  closed  curvr:s 
around  and  in  the  wires.  (Fig.  14).  Combining  th's 
magnetic  field  with  the  electric  field  produced  by  the 
alternating  tlux,  gix'es  the  Poynting  vector  disposed  ns 
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the  horizontal  arrows  in  Fig.  14  show.  Thus  power 
flows  back  and  forth  from  the  core  across  the  interven- 
ing space  into  the  solenoid  conductors. 

Now  examine  the  power  flow  corresponding  to 
this  same  magnetic  field  and  the  electric  field  produced 
by  the  charges  which  collect  on  the  turns  of  the  solenoid. 
Suppose  that  the  conductors  have  a  negligibly  small 
resistance.  Then  since  very  large  currents  do  not  flow, 
the  electric  force  inside  the  conductors  must  be  very 
nearly  zero.  That  is,  the  charges  which  collect  on  the 
surfaces  of  the  conductor;,  are  such  as  to  reduce  the 
electric  field  within  the  conductors  to  nearly  zero ;  that 
is,  the  field  produced  by  the  charges  is  very  nearly  equal 
and  opposite  inside  the  conductors  to  the  field  produced 
by  the  alternating  flux.  An  electric  field  produced  by 
a  varying  flux  does  not  in  general  have  a  potential  (tha.t 
is  a  scalar  function  whose  gradient  is  the  electric  field), 
but  a  field  produced  by  electric  charges  always  does  (ex- 
cept for  high  frequencies).  We  can  trace  the  change 
in  electric  potential  along  the  conductors  of  the  field 
produced  by  the  charges  very  readily,  for  the  difference 
of  potential  between  any  two  points  in  an  electrostatic 
field  is  the  integral  of  the  electric  force  along  any  path 
joining  the  two  points;  taking  any  two  points  on   the 


conductors,  and  taking  a  path  joinmg  these  two  points 
lying  entirely  in  the  conductors,  the  integral  along  th'S 
path  of  the  electric  force  produced  by  the  charges  is 
very  nearly  equal  and  opposite  in  sign  to  the  integr.d 
along  this  path  of  the  electric  force  produced  by  the 
alternating  flux.  But  going  back  to  the  picture  of  this 
last  electric  field  (Fig.  13),  we  see  that  this  integral  is 
proportional  to  the  number  of  turns  which  the  path 
makes  about  the  core.  Thus  the  potential  due  to  the 
charges  changes  uniformly  along  the  conductors  of  the 
solenoid. 

In  the  conductors  of  the  solenoid,  then,  the  field  due 
to  the  charges  is  very  nearly  opposite  to  that  due  to  the 
alternating  flux.  Hence  the  field  of  the  charges  pro- 
duces a  power  flow  into  the  conductors  very  nearly 
equal  to  the  power  flow  out  produced  by  the  field  due 
to  the  alternating  flux.  Now  let  us  trace  the  powir 
flow  from  the  leads  to  the  various  turns  of  the  solenoid. 
Suppose  we  ha^'e  a  one  layer  winding  and  that  the  leads 
are  brought  out  as  in  Fig.  15.  The  nature  of  the  power 
flow  from  .ID  to  CE  has  already  been  discussed  under 
the  transmission  line  first  treated.  Now  consider  the 
flow  between  CD  and  the  solenoid  ED.  The  magnetic 
field  is  practically  that  of  the  lead  CD  alone.  The  dif- 
ference in  pcitential  between  the  lead  and  the  solenoid 
decreases  [)rogressivel_\'  from  EC  to  D.      Thus  the  hori- 


zontal component  of  the  electric  field  decreases  from 
EC  to  D,  and  hence  the  power  flow  which  enters  at  CE 
proceeds  upwards  along  CD  but  diminishing  in  inten- 
sity towards  D.  Next  to  the  solenoid  there  is  a  poten- 
tial drop  from  turn  to  turn,  and  hence  the  elecric  force 
has  a  vertical  component  there.  Thus  the  lines  of  elec- 
tric force  from  solenoid  to  lead  CD  are  bent  curves  ys 
shown  in  Fig.  16.  Thus  from  EC  to  D,  power  is 
diverted  progressively  into  the  solenoid  as  in  Fig.  16. 
Without  great  difficulty  the  way  this  power  spreads 
out  around  the  turns  could  be  traced  out. 

Now  suppose  that  the  c<3re  is  not  non-conducting, 
but  that  it  is  laminated.  Then  charges  form  on  the  sui^- 
faces  of  the  laminations  which  reduce  the  field  within 
the  iron  to  nearly  zero.  This  has  the  eiifect  of  taking 
the  electric  field  shown  in  Fig.  13  and  confining  it  to- 
the  insulating  spaces  between  the  laminations.  Thus 
at  the  same  time  the  power  flow  is  also  confined  to  the.se 
insulating  spaces.  From  the  point  of  view  developed 
here,  the  purpose  of  laminating  a  core  is  to  furnish  in- 
sulating paths  whereby  the  magnetic  energy  may  flow 
into  its  interior. 

TRANSFORMER 

Suppose  a  second  similar  solenoid  (Fig.  17)  wound 
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round  the  core  wliich  we  have  been  studying.  When  the 
transformer  is  operating,  the  current  in  the  inner  prim- 
ary coil  is  opposite  in  magnetic  sense  and  nearly  equal 
to  the  current  in  the  outer  or  secondary  coil.  Hence  the 
magnetic  field  obtained  now  will  differ  from  that  con- 
sidered in  the  reactance  just  considered,  only  in  the 
large  magnetic  field  between  the  two  coils.  Taking  this 
magnetic  field  together  with  the  electric  field  due  to  the 
alternating  flux  (Fig.  13),  we  get  a  flow  of  power  across 
the  intervening  space  from  the  primary  to  the  second- 
ary. There  is  still  to  be  considered  the  fields  produced 
by  the  charges  on  the  coils.  Consider  the  electric  field 
as  the  sum  of  two  component  fields,  E^,  the  field  pro- 
duced by  tlie  charges  on  the  primary,  and  E.,,  the  field 
produced  by  the  charges  on  the  secondary.  Also  con- 
sider the  magnetic  field  as  the  sum  of  two  component 
fields  H^,  that  produced  by  the  primary  current  alone 
and  H„,  that  produced  by  the  secondary  current  alone. 
Then  to  get  the  whole  Poynting  vector,  consider  the 
Poynting  vectors  of  the  combinations  E^,  H^,  E.,  H.., 
£j  H„,  Eo  H^.  The  first,  the  power  flow  given  by  the 
electric  field  due  to  charges  on  the  primary  and  the 
magnetic  field  of  the  primary  current  has  already  been 
given  for  the  reactance  coil.  (Figs.  15  and  16).  It 
gives  the  flow  of  power  from  the  primary  leads  to  the 
primary  winding.  The  second  combination —  E„  H,,  — 
is  entirely  similar.  It  gives  the  flow  of  power  from 
the  secondard  winding  out  to  the  secondary  leads.  The 
combinations  E^  H„  and  E.,  H^  by  Appendix  II,  give 
Poynting  vectors  which  correspond  only  to  local  circula- 
tions of  energ}-  in  the  dielectric  medium  and  hence  need 
not  be  considered.  Thus  the  electric  field  due  to  the 
alternating  flux,  together  with  the  "leakage"  magnetic 
field  direct  the  power  from  the  primary  coil  into  the 
secondary'. 

THE    DIRECT-CURRENT    GENERATOR 

Consider  next  the  direct-current  generator,  first 
separately  excited  and  under  no  load.  This  differs 
from  the  cases  treated  as  the  effect  of  motion  on  the 
electromagnetic  conditions  in  a  body  must  be  taken  into 
Account.  An  electric  charge  moving  in  a  magnetic  field 
experiences  a  side  thrust  which  is  perpendicular  to  the 
direction  of  moticn  of  the  charge  and  perpendicular  to 
the  magnetic  force.  The  magnitude  of  this  thrust  is 
proportional  to  the  i)roduct  of  charge,  velocity,  mag- 
netic force,  and  the  sine  of  the  angle  between  the 
velocity  and  magnetic  force.  The  conductors  on  the 
armature  have  in  them  charges  (electrons)  which  are 
free  to  move.  The  rotation  of  the  armature  carries 
these  electrons  arovmd  through  the  magnetic  field.  Due 
to  this  rotation,  the  electrons  are  acted  upon  by  forces 
parallel  to  the  axis  of  rotation,  the  reactions  of  the 
magnetic  field  upon  their  motion.  These  forces,  how- 
ever, can  only  produce  a  small  displacement  of  the  elec- 
trons because  thej'  cany  electrons  to  the  .surfaces  of 

the  conductors  at  the  end  connections  and  commutator 
« 

bars  forming  free  charges,  and  these  free  charges  set 
up  an  electrostatic  field  which  acts  on  the  electrons  in 


the  conductors  in  the  opposite  direction  to  the  magnetic 
reactions  on  the  electrons.  Thus  in  the  direct-current 
machine  there  is  set  tip  an  electrostatic  field.  This  field 
has  a  considerable  value  inside  the  conductors  as  well 
as  in  the  insulating  spaces,  but  no  current  is  produced 
liecause  this  electric  field  is  just  balanced  in  its  action 
on  the  electrons  by  the  magnetic  lield  reacting  on  the 
moving  electrons.  The  electric  force  in  the  conductors 
being  thus  equal  to  the  magnetic  reaction  upon  the 
moving  electrons,  the  integral  of  the  electric  force  along 
a  conductor,  that  is  the  change  of  electric  potential 
.nlong  the  conductor,  can  be  calculated  entirely  from 
the  magnetic  reactions,  which  gives  the  usual  cutting 
lines  of  force  rule. 

The  electric  field  then  within  the  conductors  con- 
sists of  lines  of  force  parallel  to  the  axis  of  the  arma- 
ture. This  electric  force  is  a  maximum  where  the 
magnetic  reaction  is  a  maximum,  that  is,  under  the 
poles,  and  this  force  is  zero  in  a  conductor  lying  between 
the  poles.  The  force  changes  sign  as  the  conductor 
passes  from  under  one  pole  to  the  next  pole.  Just  out- 
side of  any  conductor  we  have  besides  this  parallel 
force,  lines  of  force  normal  to  the  surface  which 
originate  surface  charges  there. 

What  is  the  Poynting  vector  distribution  cor- 
responding to  this  electric  and  magnetic  field?  Here 
portions  of  one  set  of  conductors,  the  armature,  are 
maintained  at  different  potentials  and  an  electric  field 
produced.  In  an  entirely  different  set  of  conductors, 
the  field  coils,  electric  currents  flow  and  produce  a  mag- 
netic field.  The  resulting  Poynting  vector  (as  is  shown 
in  Appendix  II)  corresponds  to  an  energy  flow  which 
only  circulates  locally  in  the  dielectric  media.  Hence 
we  shall  not  consider  this  no  load  condition  further. 

Now  suppose  that  the  generator  delivers  load. 
Then  the  armature  currents  produce  an  additional  mag- 
netic field  which  must  be  considered.  Inside  the  con- 
ductors the  electric  and  magnetic  fields  are  disposed  as 
in  Fig.  I.  Here,  however,  the  electric  current  is  op- 
posite in  direction  to  the  electric  force,  so  that  the  mag- 
netic field  and,  therefore,  also  the  Poynting  vector  will 
be  opposite  to  that  found  for  Fig.  i.  Thus  electric 
power  originates  uniformly  over  the  cross  section  of 
the  conductors  and  travels  radially  outward  to  the  sur- 
face. This  power  generation  is  appreciable,  however, 
only  where  there  is  appreciable  electric  field  in  the  con- 
ductors, that  is,  only  under  the  poles.  This  power 
comes  into  the  conductor,  of  course,  by  mechanical 
means,  that  is  there  is  a  mechanical  force  acting  upon 
the  moving  conductor  when  electric  power  is  being 
generated  in  it.  After  leaving  the  conductors,  the 
power  travels  out  toward  the  brushes  and  along  outside 
the  power  line  in  a  way  tliat  has  already  been  elucidated 
for  the  transmission  line  and  transformer.  If  we  in- 
clude in  the  external  load  the  field  windings,  we  arrive 
at  the  shunt  and  series  excited  generators.  In  the 
direct-current  motor  all  conditions  are  the  same  except 
that  the  armature  current  flows  in  the  direction  of  the 
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electric  force.  This  reverses  the  Poynting  vector  so 
that  power  flows  into  the  armature  conductors  where 
it  changes  to  mechanical  power. 

THE    AI.TKKX.M'IXG    CURKEN  f    GENERATOK 

Tn  an  alternating-current  generator  with  a  rotating 
lleld.  we  have  first  to  consider  the  electric  field  which 
the  rotating  flux  by  itself  would  set  up.  As  before,  we 
go  back  to  the  fundamental  law  of  induction  which  we 
have  stated  above:  if  at  any  point  the  magnetic  flux  is 
increasing  in  a  given  direction,  that  increasing  flux  sets 
up  an  electric  field  in  exactly  the  same  manner  as  a 
magnetic  field  would  be  set  up  by  a  current  at  that  point 
■and  in  that  direction.  Hence,  to  get  a  picture  of  the 
electric  field,  at  any  instant,  we  should  imagine  placed 
at  each  point  of  the  space  occupied  by  the  generator,  .[ 
vector  or  arrow  whose  direction  gives  the  direction  in 
which  the  magnetic  flux  is  changing  at  that  moment. 


^  {"r^  rr^  ^ 
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FIG.    l8 

Then  we  may  space  these  arrows  so  that  they  are  dense 
where  the  magtietic  flux  is  changing  rapidly  and  sparse 
where  the  flux  is  changing  slowly.  The  ensemble  then 
gives  the  curves  of  flux  increase  or  as  Heaviside  calls 
them  lines  of  flow  of  the  "magnetic  displacement  cur- 
rent." 

Fig.  i8  (a)  shows  a  section  of  a  portion  of  rotor 
and  stator  of  an  alternator  taken  in  a  plane  perpendicu- 
lar to  the  axis  of  rotation.  The  arrowed  curves  are 
lines  of  flux  and  are  omitted  in  places  for  clearness. 
The  direction  of  motion  of  the  rotor  is  from  right  to 
left.  Now  plot  for  various  points  the  arrows  show- 
ing the  direction  of  change  of  magnetic  flux.  At 
the  point  A  at  the  instant  shown  in  Fig.  i8  (a),  the  flux 
is  directed  upwards,  but  it  is  decreasing  in  density  be- 
cause of  the  rotor's  motion.  Hence  at  A  the  flux  is  in- 
creasing in  a  downward  direction  and  in  Fig.  i8  (b)  at 
A,  we  place  arrows  pointing  downwards.     At  point  B 


in  I'ig,  i8  (a)  the  flux  is  directed  dcnvnwards  and  is 
increasing  in  density.  Hence  there  the  flux  is  increas- 
ing downwards  and  in  Fig.  i8  (b)  we  place  arrows  at 
B  pointing  downwards.  At  C  in  Fig.  i8  (a)  the  flux 
momentarily  is  not  changing  and  hence  at  C  in  Fig.  i8 
(b)  we  place  no  arrows. 

At  the  point  G  in  Fig.  i8  (a)  the  downward  com- 
ponent of  flux  is  diminishing,  and  the  horizontal  com- 
ponent is  increasing.  Hence  at  G  in  Fig.  i8  (b)  the 
arrow  showing  the  direction  of  flux  increase  is  directed 
upwards  and  to  the  left.  At  H  in  Fig.  i8  (a)  the  ver- 
tical component  of  flux  is  not  changing,  but  the  horizon- 
tal component  of  flux  just  before  the  moment  shown  in 
the  figure  was  pointing  to  the  left  and  a  moment  later 
will  be  pointing  to  the  right.  Hence  the  arrow  in  Fig. 
1 8  (ti)  at  H  is  horizontal  and  points  to  the  right. 

The  point  D,  which  at  the  time  shown  lies  in  the 
forward  face  of  a  pole,  a  moment  earlier  was  lying  in 
the  empty  space  ahead  of  the  pole.  A  moment  later  it 
will  be  in  the  body  of  the  pole.  Thus  the  flux  density 
at  D  changes  very  rapidly  from  the  weak  leakage  flux 
ahead  of  the  pole  to  the  strong  downward  flux  densiiy 
in  the  pole  itself.  Hence  at  D  in  Fig.  i8  (b)  we  draw 
arrows  densely  spaced  and  pointing  downwards.  Con- 
tinuing in  this  way  we  may  draw  the  flux  change  arrows 
at  every  point  in  space  obtaining  a  distribution  as  shown 
in   Fig.   i8   (a). 

Fig.  i8  (c)  shows  the  flux  change  lines  or  lines  of 
magnetic  displacement  current,  with  the  material  struc- 
ture of  the  alternator  omitted  for  clearness.  It  is  easy 
to  see  now  how  the  field  of  electric  force  set  up  by 
these  magnetic  currents  will  look.  Lines  of  electric 
force  are  shown  in  Fig  i8  (c).  They  are  the  half 
dotted  curves  linking  the  magnetic  displacement  cur- 
rents. Fig.  1 8  (d)  shows  a  view  looking  down  on  the 
tops  of  the  poles.  The  closed  curves  are  lines  of  elec- 
tric force. 

In  addition  to  this  electric  field,  we  have  the  field 
produced  by  the  charges  which  collect  on  the  surface  of 
the  stator  conductors.  These  charges  appear  in  such 
a  way  as  to  reduce  the  electric  force  within  the  con- 
ductors very  nearly  to  zero.  That  is,  within  the  con- 
ductors the  field  produced  by  the  charges  is  very  nearly 
equal  and  opposite  to  that  produced  by  the  rotating  field. 

Let  us  first  examine  the  power  flow  under  no  load 
conditions.  We  consider  the  magnetic  field  of  the  rotor 
in  combination  with  each  of  the  two  electric  fields  just 
described.  The  combination  with  the  latter  electric 
field  is  of  the  class  dealt  with  in  Appendix  II,  namely  an 
electric  field  produced  by  charges  on  one  set  of  con- 
ductors whose  parts  are  maintained  at  different  poten- 
tials, the  armature  conductors,  and  a  magnetic  field 
produced  by  currents  in  another  set  of  conductors,  the 
field  windings.  This  gives  a  power  flow  which  merely 
circulates  in  closed  loops  in  the  dielectric  medium  and 
will  not  be  considered  further. 

Take  now  the  magnetic  field  togetlier  with  the  elec- 
tric   field   which    is    produced   by   its    rotation.     From 
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Figs.  i8  (a  to  d)  we  are  able  easily  to  combine  them 
and  find  the  distribution  of  the  Poynting  vector.  Fig. 
i8  (e)  shows  the  Poynting  vector  at  various  points. 
We  see  that  the  general  direction  of  the  vector  is  the 
direction  of  motion  of  the  rotor.  The  vector  depicts, 
in  fact,  the  motion  of  the  magnetic  energ}-  in  space. 

Passing  now  to  load  conditions,  let  us  first  consider 
a  loo  percent  power-factor  load.  The  armature  cur- 
rents have  their  maximum  value  opposite  the  pole  faces. 
The  current  distribution  is  shown  in  Fig.  19.  We  now 
have  to  consider  the  additional  field  produced  by  the 
armature  currents  alone.  This  is  shown  in  Fig.  19. 
The  change  in  the  flux  produced  by  the  armature  cur- 
rents induce  an  electric  field.  However,  although  the 
armature  m.m.f.  may  be  large,  in  the.  100  percent  power- 
factor  position  the  reluctance  of  the  magnetic  Pjith  of- 
fered is  very  high,  so  that  the  flux  produced  by  the 
armature  currents  is  very  small.  Hence  the  electric 
field  produced  by  the  change  of  the  flux  which  is  due 
to  the  armature  currents  alone,  is  very  small  and  wi.l 
be  neglected  here. 

There  are  then  two  magnetic  fields,  the  one  pro- 
duced bv  the  field  currents  and  the  one  produced  by  the 
armature  currents,  and  the  two  electric  fields,  the  one 


at  anv  point  is  equal  to  the  flux  density  at  the  point 
divided  by  the  permeability  of  the  medittm,  so  that  in 
Fig.  19  while  the  magnetic  field  in  the  air-gap  is  very 
large,  in  the  iron  portions  of  the  magnetic  circuit  it  is 
very  small.  Hence  the  Poynting  vector  in  Fig.  20  is 
principally  confined  to  the  air-gap.  The  lines  of  power 
flow  originate  at  the  tips  of  the  pole  pieces  where 
mechanical  energy-  is  being  supplied,  and  flow  inward 
through  the  air  gap  into  the  armature  conductors. 

TME  SYNCHRONOUS   MOTOR  AND   CONDENSER 

In  a  synchronous  motor,  all  conditions  will  be  the 
same  as  described  for  the  generator  except  that  the 
armature  currents  will  be  reversed.  This  has  the  ef- 
fect of  reversing  only  those  Poynting  vectors  which  are 
due  to  the  magnetic  field  produced  by  the  armature  cur- 
rents and  which  are  shown  in  Fig.  20.  Thus  electrical 
power  is  carried  up  to  the  armature  conductors  through 
the  dielectric  space  and  thence  crosses  the  air  gap  en- 
tering the  pole  pieces  where  it  is  transformed  into 
mechanical  power. 

Assume  a  synchronous  motor  running  idle  on  the 
line  and  excited  for  100  percent  power-factor.  Then 
conditions  are  just  the  same  as  described  for  the  un- 
loaded generator   in    Fig.    18.     Now   suppose   we   raise 


FIG.    IQ  Kir..    JO 

]>roduced  by  the  charges  on  the  armature  conductors 
and  the  other  produced  by  the  changing  position  of  the 
first  magnetic  field.  The  combination  of  the  first  mag- 
netic field  with  the  first  electric  field  is  a  case  whicn 
comes  under  Appendix  H  and,  therefore,  its  Poynting 
vector  will  not  be  considered  further.  The  combina- 
tion of  the  first  magnetic  field  and  the  second  electric 
field  has  already  been  considered.  Its  Poynting  vector 
gave  the  flow  of  the  magnetic  energy  accompanying  the 
rotor.  The  combination  of  the  second  magnetic  field 
and  the  first  electric  field  has  already  been  considered 
in  detail  in  the  apparatus  previously  treated.  Its  Poyn- 
ting vector  shows  power  originating  with  uniforni  den- 
sity over  the  cross  section  of  the  armature  conductors, 
flowing  straight  out  to  the  surface  of  the  conductors 
and  thence  out  to  the  terminals  of  the  machine  through 
the  dielectric  spaces. 

The  only  new  feature  here  is  the  combination  of 
the  secf)nd  magnetic  field  with  the  .second  electric  field, 
which,  of  course,  must  show  how  the  power  which  the 
preceding  field  7>air  removes  from  the  conductor  ge*s 
into  ihe  conductors. 

Comparing  Figs.  18  (c  and  d)  and  10,  wo  readily 
get  for  the  Poynting  vector  I'ig.  20.  In  obtaining  this 
result  it  should  be  remembered  that  the  magnetic  force 


die  excitation.  Then  we  have  a  synchronous  condenser 
drawing  leading  current  from  the  line.  To  follow 
power  flow  here  we  may  start  from  the  100  percent  no 
load  condition  which  we  have  already  studied  and  con- 
sider the  added  effect  of  the  increase  in  field  current 
and  the  armature  currents. 

The  increase  in  the  field  current  and  the  armature 
currents  produce  m.m.f.'s  which  are  opposing  as  far  as 
concerns  the  main  magnetic  circuit.  They  will  pro- 
duce, therefore,  only  a  leakage  flux  which  is  shown  in 
Fig.  21.  For  simplicit}'  a  two-phase  concentrated  wind- 
ing is  shown,  and  the  time  shown  is  when  the  generated 
vol.tage  is  0.707  times  its  maximum  value  in  either 
phase. 

Of  course,  this  leakage  flux  as  it  changes  its  space 
])osition  will  induce  an  electric  field,  but  as  has  been 
explained  before  this  electric  field  will  be  small  com- 
pared to  that  induced  by  the  changing  sjjacc  jxjsition 
of  the  main  flux  and  will  be  neglected  here.  We  have 
left  then  to  consider  the  combination  of  thi_s  magnet'C 
field  with  the  electric  field  produced  by  the  charges  on 
the  armature  conductors,  and  the  combination  with  the 
electric  field  induced  by  the  main  flux. 

The  first  combination  gives  the  flow  of  power  from 
the  machine  terminals  to  the  machine  windings  and  has 
been   considered  before.     The  second  combination,   as 
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will  be  seen  by  comparing  Figs.  18  and  21,  leads  to  the 
power  flow  shown  in  Fig.  22.  Power  leaves  phase  2 
and  crosses  the  air-gap  and  enters  the  advance  pole  tip, 
where  it  changes  to  mechanical  power  in  the  form  of 
a  force  tending  to  accelerate  the  lotor.  This  mechan- 
ical power  is  transmitted  by  the  internal  mechanical 
stresses  of  the  rotor  to  the  other  pole  tip,  where  it  is 
reconverted  into  electrical  power,  a  force  appearing  at 
this  rear  pole  tip  tending  to  retard  the  rotor.  Thus 
the  resulting  mechanical  torque  on  the  rotor  is  zero. 
The  power  which  leaves  the  rear  pole  tip  crosses  the 
air  gap  and  enters  phase  /.  Thus  in  the  synchronous 
condenser  there  is  an  exchange  of  power  between  the 
phases,  but  it  is  not  a  direct  electrical  exchange,  but  a 
change  into  mechanical  power  and  then  back  into  elec- 
trical. 

THE    INDUCTION    MOTOR 

The  power  flow  in  an  induction  motor  is  now  easy 
to    follow.     The    rotating   magnetic    flux    produces   an 


FIG.  23 
electric  field  similar  to  that  of  Fig.  18  (c).  This  com- 
bined with  the  leakage  magnetic  field  between  primary 
and  secondary  currents,  Fig.  23,  produces  the  flow  of 
power  from  the  primary  conductors  across  the  air  gap 
into  the  secondary  conductors,  where  it  is  changed 
partly  into  Joulian  heat  and  partly  into  mechanical 
work. 

The  object  of  this  paper  is  to  give  a  picture  of  the 
way  the  media  which  support  the  electromagnetic  fields, 
namely  the  insulating  materials  and  aether,  although 
not  considered  at  all  by  the  designers  of  electrical  ma- 
cl-  ines,  play  a  vital  role  of  leading  the  electrical  power 


to  where  it  is  consumed.  It  is  intended  to  give  merely 
an  entertaining  picture  of  the  facts  of  power  flow  in  the 
light  of  the  Maxwell  theory.  It  is  not  a  thesis  for  ad- 
vocating the  use  of  more  aether  ind  less  material  in 
electrical  machines. 

.-Xl'I'KNDI.X  I 
Where  the  electric  and  magnetic  fields  are  respectively 
given  as  the  sum  of  several  electric  or  magnetic  fields,  the 
Poynting  vector  may  be  obtained  by  adding  together  the 
Poyuting  vectors  corresponding  to  the  combination  of  each 
component  electric  field  with  each  component  magnetic  field. 
This  follows  from  the  distributive  law  of  multiplication  for 
vector  products.  For  from  the  definition,  the  Poynting  vec- 
tor 6'  is  given  by : 

S  =  ^  [E  X  II] 

Here   the   bold    face   type   denotes   vectors,   and   the   cross, 
vector    multiplication.      If,    now  ;— 

E  =  E,  -F  Ei.  and  H  =  llx  +  II,.  we  have: 


5=  —  [(E,-|-EO  X  (II,  +  IIv)] 
-j^iE.XH.'l+j^  [E.XII1]  + 


■/■< 


[E,XIIi]-f- 
[E,  X  W^ 


Appendix    II 

If  dift'erent  parts  of  one  set  of  conductors  are  main- 
tained at  different  potentials  thus  producing  an  electro- 
static field,  and  if  currents  flow  in  certain  other  conductors 
producing  a  magnetic  field,  the  Poynting  vector  correspond- 
ing to  the  combination  of  this  electric  and  this  magnetic 
field  gives  a  power  flow  which  merely  circulates  locally  in  the 
dielectric    medium. 

We  have,  if  E  and  H  are  respectively  the  electric  force 
and  magnetic  force  in  the  fields  described  above  and  5"  is 
the    Poynting   vector  ; — 


S 


Hence  ;- 


[E  X  H] 


airl  II  -  II  .  curl  E) 


where  the  dot  denotes  scalar  multiplication.  Now  since  the 
only  electric  field  is  an  electrostatic  one,  curl  E  is  identi- 
cally   zero.        Hence ; — 

dh'  '^  =  ~  (E  .  nirl  II) 

Outside  the  conductors  which  are  carrying  current  curl 
H^^o.  Hence  outside  these  conductors  div  S=o.  Inside 
these  conductors  E=o.  Hence  here  also  div  S=o.  Thus 
div  5?=o  everywhere.  Hence  the  lines  of  ^  can  have  no  be- 
ginning or  end   but   must   form   closed   loops. 


— 
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Removing  and  Replacing  Railway  Motor  Armature  Shafts 


There  are  four  general  methods  of  mounting  the  commu- 
tator and  core  on  a  railway  motor  armature  shaft.  On  the 
more  modern  motors,  especially  of  the  smaller  sizes  for  low 
floor  cars,  the  iron  is  built  directly  on  the  shaft  and  held  in 
place  by  a  nut  at  the  commutator  end;  this  type  is  used  mostly 
on  the  ventilated  type  motors  having  longitudinal  ventilating 
ducts  through  the  core  and  a  fan  at  the  rear  end.  Where 
space  is  available  the  spider  type  of  construction  is  also  used 
The  other  two  types  mentioned  below  have  been  superseded, 
as  it  is  necessary  to  disconnect  the  armature  leads  from  the 
commutator  when  a   shaft   is   to  be   replaced.     Some  of   these 


older  type  shafts  have  wiper  rings  screwed  on  the  shaft,  but 
this  practice  has  been  changed  to  a  shrunk-on  type  of  wiper 
on  the  more  modern  motors. 

IKON    BUILT    ON    SHAFT — NUT    AT    COMMUTATOR   END 

In  Fig.  I  is  shown  the  construction  in  which  the  armature 
iron  and  commutator  bushing  are  mounted  directly  on  the 
shaft  and  depend  upon  the  press  fit,  the  key,  and  the  lock 
nut  at  the  commutator  end  to  keep  them  in  place.  The  fan 
and  commutator  end  wiper  ring  which  have  been  shrunk  on, 
are  removed  by  heating  them  with  one  or  more  blow  torches 
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(kcci)ing  the  shaft  cool  by  wrapping  it  with  wet  asbestos)  and 
driving  them  off  with  a  hammer  and  chisel.  After  the  fan 
and  wiper  are  removed,  clamp  the  core  and  commutator  to- 
gether by  placing  over  the  shaft  two  pieces  of  iron  pipe,  one 
on  each  end,  large  enough  to  clear  the  armature  nut  and  long 
enough  so  that  the  plates  placed  over  the  shaft  and  against 
the   pipes  will   clear  the  end   of  the  commutator  and  the  end 


KIG.    I — IRON   Tiril.T   ON    SIIArT 

Nut  at  Commutator  End. 

of  the  coils  at  the  pinion  end,  3.=  shown  in  Fin  5  Bolt  the 
plates  together,  using  four  or  more  bolts  just  clearing  the  out- 
side of  the  armature.  Take  special  care  to  cut  the  pipes  off 
square  and  to  pull  the  bolts  up  evenly  to  prevent  warping  the 
core  when  the  shaft  is  removed.  Allow  clearance  enough  at 
the  pinion  end  between  the  plate  and  the  shaft  so  that  the 
key  will  clear.  Another  form  of  clamp  has  rings  machined 
to  fit  the  commutator  and  rear  coil  support,  with  bolts  through 
the  longitudinal  vent  ducts.  When  the  clamp  is  in  place,  back 
ofl  the  lock  nut  at  the  .commutator  end,  press  out  the  shaft 
by  applying  pressure  at  its  commutator  end,  and  replace  with 
a  new  one.  With  the  new  shaft  in  the  core,  apply  and  tighten 
the  armature  nut,  remove  the  clamp  and  shrink  on  the  fan 
and  wiper  ring. 

SPIDER   CONSTRUCTION 

In   Fig.   2  is   shown   the  construction   where   the   armature 
iron  and  commutator  bushing  are  moimted  on  a  spider,  which 


FIC.    2 — IRON    Iiril.T    ON    A    SPIDKR 

is,  in  turn,  mounted  on  the  shaft.  The  commutator  end  wiper 
and  the  fan  are  shrunk  on.  To  remove  the  shaft,  take  off 
the  pinion  end  wiper  ring  (or  fan,  if  a  fan  is  used)  by  heating 
as  described  above.  With  this  type  it  is  not  necessary  to 
remove  the  commutator  end  wiper,  as  it  comes  off  with  the 
core.  Pressure  is  applied  at  the  commutator  end  of  the  shaft 
in  removing.  The  new  shaft  is  pressed  in  and  after  it  is  in 
place,  the  commutator  end  and   pinion   end   wiper  or   fan   are 


KIC.    3 — IRON    tUII.T  ON   SHAFT 

Nut  between  Commutator  and  Core. 


shrunk  on.  This  method  applies  both  to  spiders  with  separate 
rear  end  bells  and  to  spiders  with  rear  end  bells  cast  integral. 
-NUT  BETWEEN  COMMUTATOR  AND 

In  Fig.  3  the  commutator  spider  ;uul  core  are  shown  mount- 
ed directly  on  the  shaft  with /a  ring  nut  between  the  commu- 


tator and  the  core.  With  this  type  of  construction,  it  is  nec- 
essary to  lift  the  annature  leads  out  of  the  commutator  neck, 
remove  the  wiper  rings  and  pull  the  commutator  first.  The 
commutator  is  provided  with  tapped  holes  for  bolts  to  aid 
in  this  operation.  After  the  commutator  is  removed,  clamp 
the  core  together,  using  a  modification  of  the  clamping  device 
shown  in  Fig.  5,  back  off  the  ring  nut,  and  press  out  the  shaft, 
applying  pressure  at  the  commutator  end.  After  the  new  shaft 
is  in  place,  apply  the  ring  nut  to  secure  the  core,  press  on 
the  commutator,  shrink  on  the  wiper  rings  and  reconnect  the 
windings. 
IRON   BUILT    ON    SHATT— NUT    AT    PINION  END 

In  Fig.  4  is  shown  a  type  in  which  there  is  a  shoulder  on 
the  shaft  between  the  commutator  and  core.  In  this  case  it 
is  necessary  to  disconnect  the  windings  the  same  as  for  Fig. 
3.  Remove  the  wiper  rings  and  pull  the  commutator  as  de- 
scribed  above.     Clamp   the   core    together,   back   off   the    ring 


FK;.      4 — IRON  BUILT  ON    SHAFT 

Shoulder  between  Commutator  and  Core. 

nut  at  the  pinion  end  and  press  out  the  shaft,  applying  pres- 
sure at  its  pinion  end.  Press  in  the  new  shaft  and  apply  the 
ring  nut,  which  should  be  drawn  up  tight  before  the  clamp 
is  removed.  lieplace  the  commutator  and  reconnect,  then 
shrink  on  the  wiper  rings. 
PRECAUTIONS 

In  connection  with  the  replacing  of  shafts  of  railway  motor 
armatures,  the  following  points  should  be  kept  in  mind. 

I — A  little  white  lead  on  the  shaft  at  the  fit  before  pres- 
sing on  acts  as  a  lubricant  and  prevents  rust. 

2 — New  shafts  should  have  fillets  at  all  changes  in  diameter, 
as  this  tends  to  prevent  breaking  of  shaft. 

3 — New  shafts  should  be  made  about  0.004  "!■  larger  than 
the  original  shaft  at  the  press  fit,  to  insure  the  proper 
tonnage  in  pressing  them  in. 

4 — Check  the  clearances  between  the  top  of  the  key  and  the 
key  seat  in  the  core  to  prevent  binding  at  this  point. 


FIG    5 — CLAMP    FOR    HOLPING   .VRMATL'RE    WHILE    SHAFT    IS    REMOVED 

5 — Chamfer  the  start  of  the  commutator  bore  to  allow  the 
shaft  to  enter  straight  and  get  an  even  start. 

6 — Shafts  should  be  pressed  in  at  approximately  20  to  25 
tons  on  motors  from  25  to  50  hp  and  about  40  to  50 
tons -lor  sizes  above  50  hp. 

7 — Wherever  possible,  the  armature  nut  should  bo  re- 
moved and  replaced  while  the  clamps  are  in  place. 

8 — Shafts  will  press  at  approximately  1.5  to  2  times 
the  tonnage  used  when  they  arc  pressed  in,  because 
of  slight  rusting  and  flowing  of  metal. 

C)--The  press  fit  will  varv-,  depending  upon  the  material  of 
the  core.  Steel  or  malleable  iron  can  safely  stand  a 
higher  tonnage  than  cast  iron. 
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„,  .        As  transmission  and  distribution  sys- 

bhort-Circuit      ^  ■   ^  <.-         u  ^ 

_  ,     ,     .  tems  grow,  interconnections  between 

Calculations  ^  ^,  ,       r  i 

systems  or  the  parts  of  a  single  sys- 
tem are  made,  and  the  result  is  a  network  of  circuits 
of  more  or  less  complicated  form.  The  saving  in  trans- 
mission losses  due  to  this  paralleling  of  the  circuits  sup- 
plying power  to  any  given  part  of  the  system  becomes 
large,  and  this  saving,  together  with  the  increased  con- 
tinuity of  service  secured,  makes  such  interconnections 
most  desirable.  In  order,  however,  to  realize  the  full 
advantages  thus  obtainable,  the  problems  of  protecting 
one  part  of  the  network  against  short-circuit  conditions 
appearing  in  other  sections  must  be  intelligently  dealt 
with  by  proper  relay  and  circuit  breaker  applications. 
This  necessitates  the  solution  of  the  network  to  deter- 
mine the  probable  current  during  short-circuit  condi- 
tions and,  while  it  is  possible  to  obtain  a  solution 
mathematically  by  the  application  of  KirchofF's  laws,  the 
process  is  often  so  laborious  that  guesswork  is  resorted 
to.  Three  articles  in  this  issue  of  the  Journal  are  of 
particular  interest  and  value  in  that  they  describe  means 
of  lessening  the  labor  involved  in  the  usual  methods  of 
calculating  networks. 

The  article  by  Mr.  Woodward  describes  a  testing 
hoard  with  which  the  problems  are  solved  by  using  a 
miniature  network  with  resistances  proportioned  to  the 
reactance  of  the  actual  network.  It  allows  for  the 
paralleling  of  the  sources  of  energ}',  and  of  the  circuits 
corresponding  to  the  power  system,  and  provides  for 
the  placing  of  a  short-circuit  at  any  point  and  measuring 
the  short-circuit  current.  The  only  mathematical  work 
involved  is  the  multiplication  of  the  current  reading  in 
the  network  by  a  constant.  This  testing  board  is  the 
logical  development  of  the  method  of  building  up  a 
miniature  network  of  uniform  resistance  wire,  whose 
length  is  proportional  to  the  reactances  of  the  circuits, 
which  has  been  commonly  done  for  several  years.  The 
function  of  the  testing  board  is  to  simplify  greatly  the 
setting  up  of  the  miniature  network. 

The  other  articles  deal  with  methods  for  simpli- 
tying  the  mathematical  work  and  so  provide  a  means 
which  can  be  utilized  by  engineers  to  whom  a  testing 
board  may  not  be  available.  Mr.  Evans  describes  the 
practical  use  of  the  various  methods  while  Mr.  Fortes- 
cue  gives  their  development.  These  methods  also 
make  it  possible  to  obtain  high  accuracy  by  the  use  of 
complex  quantities  in  the  calculation  both  of  short-cir- 
cuit currents  and  of  regulation  for  any  assumed  load 


condition.  An  interesting  and  valuable  feature  is  the 
automatic  check  obtained  on  the  values  of  mutual  im- 
pedance. 

While  it  is  believed  that  several  of  the  methods  of 
simplified  calculation  are  here  published  for  the  first 
time,  they  have  been  in  constant  use  by  the  authors  and 
their  associates  for  several  years  and  have  proven  their 
value  repeatedly  in  the  saving  of  time  and  labor,  and 
in  the  securing  of  accurate  values,  where  the  extensive 
calculations  required  without  these  short-cut  methods 
would  hardly  be  warranted.  Engineers  of  other  organ- 
izations cooperating  with  these  engineers,  have  used 
the  methods  here  outlined  and  have  appreciated  the 
simplification  introduced  by  them  in  the  solutions  of 
networks.  These  principles  are  not  limited  to  a  par- 
ticular form  of  net  work  but  are  of  general  ap- 
plicability. As  they  have  proven  their  value  in 
the  study  of  individual  networks,  so  they  will 
be  of  still  greater  value  in  the  study  of  interconnected 
systems.  Power  is  already  being  fed  into  several  large 
networks  by  power  stations  separated  by  many  miles. 
California  has  interconnected  high-tension  transmission 
lines  hundreds  of  miles  in  length ;  and  the  interconnec- 
tion of  all  the  generating  stations  along  the  Atlantic 
seaboard  into  one  huge  system  is  no  longer  a  dream, 
but  a  subject  for  serious  consideration.  As  such  sys- 
tems become  larger  the  calculation  of  short-circuit  cur- 
rents, regulation,  size  and  type  of  reactance  coils,  cir- 
cuit breakers  and  relays,  which  are  essential  to  the  suc- 
cessful operation  of  such  networks,  become  of  increas- 
ing complexity. 

To  classify  all  possible  variations  of  networks  and 
io  give  formulas  for  their  solution  in  detail  would  be 
■  superhuman  task.  On  the  other  hand,  a  strictly  gen- 
eral solution,  while  satisfactory  from  a  mathematical 
point  of  view,  is  not  of  much  practical  value ;  it  is  al- 
together  too   general. 

Facility  in  .solving  networks  comes  with  practice 
and  this  cannot  be  over  emphasized.  The  simpler  and 
fewer  the  principles  used  the  better.  Many  networks 
which  appear  at  first  to  be  extremely  complicated  can, 
on  analysis,  be  resolved  into  relatively  simple  elements. 

Any  means  by  which  mathematical  processes  in  the 
solution  of  vital  problems  may  be  shortened  or  simpli- 
fied is  welcomed  by  the  engineer.  These  articles  de- 
serve careful  study  because  of  the  growing  importance 
of  the  knowledge  of  network  characteristics  to  the  sys- 
tem designer  and  operator.  A.  W.  Copley 
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REACTANCE 


A  CONDUCTOR  carrying  an  electric  current  is 
surrounded  by  a  magnetic  flux,  whose  value  is 
proportional  to  the  current.  If  the  current 
varies,  this  flux  also  changes,  thereby  inducing  an  elec- 
tromotive force  in  a  direction  which  opposes  the  change. 
This  counter  e.m.f.  is  proportional  to  the  rate  of  change 
and  hence  in  alternating  current  is  proportional  to  the 
frequency.  It  can  be  expressed  in  ohms  per  mile  of 
each  conductor  of  a  single-phase  or  of  a  symmetrical 
three-phase  circuit  as  follows: — 

Ohms  Reactance  =  ^  tt  /  L  (g) 

When  /  :=  Frequency  in  cycles  per  second 

L  =  Henries  per  mile  of  single  conductor. 
The  value  for  2    n  f  are  as  follows : — 

FrcQucncx  •?  "■  / 

I        "  6.28 

IS  54-25 

25  157.1 

40  251.3 

60  377.0 

133  835.7 

Tables  IV  and  V  indicate  the  reactance  in  ohms 
per  mile,  of  a  single  conductor  at  25  and  60  cycles  re- 
spectively for  various  spacings  of  conductors.  The 
foot  notes  to  these  tables  cover  the  pertinent  points  re- 
lating to  them.  The  resistance  per  1000  feet,  and  per 
mile  of  smgle  conductor  at  25  degrees  C.  {jj  degrees 
F)  is  given  in  parallel  columns  as  a  convenience  for 
comparison  of  the  resistance  and  reactance  values.  The 
resistance  corresponding  to  other  temperatures  when 
desired  may  be  taken  from  Tables  I  and  II. 

Tables  \T  and  \  II  indicate  the  relative  importance 
of  reactance  and  resistance.  In  some  cases  of  short 
lines  and  large  single  conductors,  the  reactance  and  not 
the  resistance  may  determine  the  size  and  number  of 
cables  necessar}-.  In  other  words,  it  may  be  necessary 
to  keep  the  resistance  abnormally  low  so  that  the  react- 
ance will  not  be  so  high  as  to  result  in  an  abnormal  volt- 
age drop  in  the  circuit.  In  such  cases  the  values  in 
Tables  VI  and  VII  may  be  used  for  determining  the 
permissible  resistance  in  order  not  to  exceed  the  desired 
reactance. 

Example: — It  i.>  desired  to  use  icxxjooo  cirr.  mil  single 
conductor  cables  at  60  cycles,  spaced  two  feet  apart ;  from 
Table  VII  it  is  seen  that  the  reactance  drop  imder  these  condi- 
tions is  8.52  times  the  ohmic  drop  at  25  degrees  C.  If  an  ohmic 
drop  of  five  percent  at  25  degrees  C  is  suggested  the  corre- 
sponding reactive  drop  wcnild  be  5  X  8.52  or  42.6  percent  which 
would  be  excessive.  If  it  is  desired  to  limit  the  reactive  drop 
to  10  percent  in  this  case,  the  ohmic  drop  at  25  degrees  C  must 
be  10  ^  8.52  or  1. 18  percent. 

Probably  a  inore  important  use  for  Tables  VI  and 
VII  is  for  detennining  the  reactance  of  a  conductor  di- 
rectly from  its  resistance.  To  do  this  it  is  only  neces- 
sary to  multiply  its  resistance  (at  25  degrees  C)  by  the 


ratio  value  in  table  VI  or  VII  corresponding  to  the  con- 
ductor and  spacing  desired. 

UNSYM METRICAL  SPACING 

The  inductance  and  capacitance  per  conductor  of 
a  three-phase  circuit  for  symmetrical  spacing  of  con- 
ductors is  the  same  as  the  inductance  and  capacitance 
per  conductor  of  a  single-phase  circuit  for  the  same  size 
conductor  and  the  same  spacing.  For  irregular  spac- 
ing of  conductors,  the  inductance  and  capacitance  will 
be  difl^erent.  When  the  three  conductors  are  placed  in 
the  same  plane  (flat  spacing),  the  inductance  of  each  of 
the  outside  conductors  is  greater  than  that  of  the  middle 
conductor.  By  properly  transposing  the  conductors, 
the  inductance  and  capacitance  may  be  equalized  in  all 
three  conductors.     However,  the  eff^ect  of  flat  spacing 


FIG.  8 


Fir..  9 
Conductor  Spacings. 
For  three-phase  irregular  flat  or  triangular  spacing   (Figs. 
7  and  8)  use  D  =  f  A  B  C. 

For  three-phase  regular  flat  spacing  Fig.  9  use  D  z=  1.26  A. 
For  two-phase  line  the  spacing  is  the  average  distance  be- 
tween centers  of  conductors  of  the  same  phase.     It  makes  no 
difiference  whether  the  plane  of  the  conductors  with  flat  spacing 
is  horizontal,  vertical  or  inclined. 

is  equivalent  to  that  of  a  symmetrical  arrangement  of 
greater  spacing. 

Various  arrangements  of  conductors  are  indicated 
in  Figs.  7,  8  and  9.  Many  three-phase  high  tension 
circuits  have  the  three  conductors  regularly  spaced  in 
a  common  plane  (regular  flat  spacing)  Fig.  9.  Beneath 
these  figures  are  placed  statements  indicating  the  de- 
termination of  "effective  spacings"  for  any  arrange- 
ment of  conductors. 

Since  the  so  called  "effective  spacing"  correspond- 
ing to  unsymmetrical  arrangetnents  of  conductors  is 
usually  a  fractional  number,  the  line  constants  for  .such 
effective  spacing  can  usually  not  be  taken  directly  from 
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the  tables  but  may  be  obtained  by  the  use  of  the  values 
in  columns  A  and  B  at  the  foot  of  these  tables. 

Example : — It  is  desired  to  determine  the  60  cycle  reactance 
per  mile  of  a  single  conductor  for  flat  spacing  of  11  ft.  between 
adjacent  0000  solid  copper  conductors.  The  effective  spacing 
is  1.26  X  II  or  13.8  feet.  The  reactance  (Table  V)  for  this 
conductor  at  13  feet  symmetrical  spacing  is  0.820  ohm.  The 
value  for  A,  (bottom  of  Table  V)  =  13.8  H-  13  1:=  1.06.  The 
value  of  B  corresponding  to  the  value  for  A  of  1.06  is  approxi- 
mately 0.006  which,  added  to  0.820  gives  a  reactance  of  0.826 
ohm  for  the  efifective  spacing  of  13.8  feet.  The  values  of  re- 
actance for  all  effective  spacings  not  included  in  the  Table 
ma3'  be  determined  in  a  similar  manner. 

With  an  unsymmetrical  arrangement  of  conductors 
there  must  be  a  sufficient  number  of  transpositions  of 
conductors  to  obtain  balanced  electrical  conditions  along 
the  circuit. 

CAPACITANCE 

When  mechanical  force  is  exerted  against  a  liquid 
or  a  solid  mass,  a  displacement  takes  place  proportional 
to  the  force  exerted  and  inversely  proportional  to  the 
resistance  ofifered  by  the  liquid  or  solid  mass  subjected 
to  the  force.  If  the  mass  consists  of  some  elastic  ma- 
terial, such  as  rubber,  the  displacement  will  be  greater 
than  if  it  consists  of  a  more  solid  material,  such  as 
metal. 

In  a  similar  manner  when  an  e.m.f.  is  applied  to  a 
condenser,  a  certain  quantity  of  electricity  will  flow  into 
it  until  it  is  charged  to  the  same  pressure  as  that  of  Ihe 
applied  circuit.  A  condenser  consists  of  plates  of  con- 
ducting material  separated  by  insulating  material  known 
as  the  dielectric.  All  electric  circuits  consist  of  conduc- 
tors separated  by  a  dielectric  (usually  air)  and  there- 
fore act  to  a  greater  or  less  extent  as  condensers.  The 
ability  of  a  condenser  or  any  electric  circuit  to  receive 
the  charge  is  a  measure  of  its  "capacity"  more  properly 
known  as  its  "capacitance".  Just  as  the  rubber  mass 
referred  to  above  will,  for  a  given  force,  permit  of 
greater  displacement  so  will  circuits  of  greater  capaci- 
tance permit  more  current  to  flow  into  them  for  a  given 
e.m.f.  impressed. 

The  process  of  charging  a  dielectric  consists  of  set- 
ting up  an  electric  strain  in  it  similar  to  the  mechanical 
strain  in  a  liquid  or  mass  referred  to  above.  If  an  al- 
ternating voltage  is  impressed  upon  the  terminals  of  a 
circuit  containing  capacitance,  the  charging  current  will 
vary  directly  with  the  impressed  e.m.f.  There  is  cur- 
rent to  the  condenser  during  rising  and  from  the  con- 
denser during  decreasing  e.m.f.  Thus  the  condenser  is 
charged  and  then  discharged  in  the  opposite  direction 
during  the  next  alternation,  making  two  complete 
charges  and  discharges  for  each  cycle  of  impressed 
e.m.f.  (Fig.  10).  As  long  as  the  e.m.f.  at  the  terminals 
is  changing,  the  condenser  will  continue  to  receive  or 
give  out  current.  The  current  flowing  to  and  from  the 
condenser,  assuming  negligible  resistance,  leads  the  im- 
pressed e.m.f.  by  90  electrical  degrees. 

DEFINITION 

The  capacitance  of  a  circuit  or  condenser  is  said  to 
be  one  farad  when  a  rate  of  change  in  pressure  of  one 
volt  per  second  at  the  terminals  produces  a  current  of 


f)ne  ampere.  Stated  another  way,  its  capacitance  in 
farads  is  numerically  equal  to  the  quantity  of  electricity 
in  coulombs  which  it  will  hold  under  a  pressure  of  one 
volt.  The  farad  being  an  inconveniently  large  unit,  one 
millionth  part  of  it,  the  microfarad,  is  the  usual  prac- 
tical unit. 

CAPACITANCE  FORMULA 

An  exact  formula  for  the  capacitance  between 
parallel  conductors  must  take  into  account  the  nonuni- 
formity  of  the  distribution  of  charge  around  the  con- 
ductors. .Such  a  formula*  is  formed  by  considering  the 
charges  as  concentrated  at  the  inverse  points  of  the 
conductors ;  thus, — 
0  ooS^dy 


C 


(10) 


Where  C  equals  the  microfarads  per  1000  feet  of 
conductor  between  two  parallel  bare  conductors  in  air, 
D,  the  distance  between  centers  of  the  conductors  and 
d,  the  diameter  and  R  the  radius  of  the  conductors 
measured  in  the  same  units  as  D. 

=  /'Ve  (A  +  I 
iH)S/6y 


Since  Cus/r'  .V 
C  = 


')• 


''".?'( 


(4-xi(4r^') 


(n) 
(12) 


DISCHARGE  -^ 


k— CHARGE - 
FIG.    10 — CH.'VRGING    CURRENT 


DISCHARGE^ 


Reducing  to  common  logarithms  and  capitance  to 
neutral, — 


C 


"."OTsst 


/-^."(^  +  y((-^)"-/) 


03) 


Microfarads  'per  1000  feet  of  single  conductor  to  neutral, 
or 


C  = 


'-(4-\'<^)'-') 


U4) 


Microfarads  per  mile  of  single  conductor  to  neutral. 

When  D  is  greater  than  10  d,  which  is  always  the 
case  in  high-tension  transmission  lines  employing  bare 
conductors,  the  following  simplified   formulas  may  be 
used  with  negligible  error. — 
o-oo735-f 


C 


n 


Us) 


*See  article  by  Pender  &  Osborne  in  Electrical  World  of 
Sept.  22,  loio.  Vol.  56. 
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REACTANCE  IN  OHMS  PER  MILE  OF  EACH  CONDUCTOR  OF  A  SINGLE  PHASE,  OR  OF  A  SYMMETRICAL- 3  PHASE  CIRCUIT.   fOR  OTHER  ARRANGEMENTS  OF  OONDUOTORS 
SEE  FOOT  NOTES.  X.        THE  TABLE  VALUES  WERE  DERIVED  FROM  THE  EQUATION-OHMS;  REACTANCE=2  KFL  (L  BEING  EXPRESSED  IN  HENRIES  PER  MILE  OF  SINGLE 
CONDUCTOR.)   THE  REACTANCE  FOR  OTHER  FREQUENCIES  IS  ^  THE  TABLE  VALUES. 
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Microfarads  per  looo  feet  of  single  conductor  to  neutral. 


C  = 


o.ojSSj 


(l6) 


,  I) 

losw    -77 

Microfarads  per  mile  of  single  conductor  to  neutral. 

The  above  formulas  are  only  applicable  to  ordinary 
overhead  circuits  when  the  distance  from  the  conductor 
to  other  conductors,  particularly  the  earth,  is  large 
compared  to  their  distance  apart.  However,  since  the 
effect  of  the  earth  is  usually  small  in  most  practical 
cases,  the  formulas  give  a  very  close  approximation  to 
the  actual  capacitance  of  overhead  circuits. 

The  values  of  capacitance  in  Table  VIII  were  de- 
rived by  using  formula  (13).  For  calculating  the 
capacitance  for  the  stranded  conductors,  the  actual 
overall  diameter  of  the  cable  was  taken.  This  intro- 
duces a  small  error  which  is  negligible  except  for  very 
close  spacings  not  used  in  high  tension  transmission 
lines  employing  bare  conductors. 

CHARGING  CURRENT 

RELATION  OF  CHARGING  CURRENTS  OF  SINGLE  AND 
THREE-PHASE  SYSTEMS 

The  diagrams  (Fig.  11)  may  assist  in  forming  a 
clear  understanding  of  the  relation  of  charging  current 
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SINGLE  PHASE  CIRCUIT  THREE  PHASE  CIRCUIT 

FIG.    1 1 — CHARGING  CURRENT  IN  SINGLE  AND  THREE-PHASE  CIRCUITS 

to  susceptance  for  single  and  three-phase  circuits.  In 
the  following  consideration  No.  0000  stranded  copper 
conductors  will  be  assumed  as  spaced  nine  feet  between 
any  two  conductors,  frequency  60  cycles,  vol'.age 
I  GO  000  volts  between  conductors.  Voltage  to  neutral 
will  therefore  be,  for  single  phase  circuit,  50000  volts 
and  for  three-phase  circuit  57  740  volts.  Distance  of 
transmission  one  mile.  From  Table  VIII,  a  capaci- 
tance to  neutral  of  0.00282  microfarads  per  1000  feet  is 
obtained  which  is  equivalent  to  0.0149  microfarads  per 
conductor  to  neutral  for  this  one  mile  of  circuit.  The 
susceptance  will  therefore  be  as  follows : — 

Per  conductor  to  neutral  2  tt  f  Cn  =;  5.62  microhms 

Between  conductors  2  ir  f  Ci2  =  2.81  microhms 

For  Single-Phase  Circuit — To  neutral  5.62  X  5° 
000  X  10°  =  0.281  amperes  or  between  conductors 
2.81  X  100  000  X  10'  =  0.281  amperes  therefore  charg- 
ing k.v.a.  is  0.281  X  50000  X  2  =  28.1  k.v.a.  single 
phase  or  0.281  X  100  000  =  28.1  k.v.a.  single  phase. 

For  a  Three-Phase  Circuit — To  neutral  5.62  X  57 
740  X  10°  =  0.324  amperes.  Therefore  charging  k.v.a. 
is  0.324  X  57  740  X  3  =  56.2  k.v.a.  three-phase. 

It  will  he  seen  from  the  above  that  the  charging 
current   per  conductor  in  the  three-phase  symmetrical 


system  is  15.5  percent  greater  than  in  the  single-phase 
system,  and  the  resulting  charging  k.v.a.  is  just  double 
that  of  the  single-phase  system.  The  charge  on  any 
particular  conductor  is  in  phase  with  the  voltage  be- 
tween that  conductor  and  the  neutral  and  the  charging 
current  for  that  conductor  is  90  degrees  ahead  of  the 
^'oltage  drop  from  that  conductor  to  neutral. 

Grounding  of  the  neutral  point  of  a  system  has  no 
effect  upon  the  charging  current  when  the  system  is  in 
static  balance.  In  determining  the  total  charging  cur- 
rent to  be  supplied  by  a  given  generating  station,  it 
should  be  remembered  that  in  cases  of  duplicate  trans- 
mission circuits,  when  both  circuits  are  excited,  the 
charging  current  will  be  approximately  double  what  it 
would  be  if  only  one  of  the  circuits  were  in  use. 

Tables  IX  and  X  contain  values  for  capacitance 
susceptance  to  neutral  in  microhms  per  mile  of  con- 
ductor. As  indicated,  the  charging  current  in  amperes 
per  mile  of  single  conductor  to  neutral  ^  the  (suscep- 
tance from  table)  X  (volts  to  neutral)  X  io-*.Thus 
in  a  three-phase,  60  cycle,  100  000  volt,  (57  740  volts  to 
neutral),  symmetrical  circuit,  the  No.  OOOO  stranded 
conductors  being  arranged  at  the  comers  of  an  equi- 
lateral triangle  spaced  nine  feet  apart,  the  charging  cur- 
rent per  mile  would  be  determined  as  follows : — 

5-6-'  X  37  740  X  /<?-'■  =  o  S245 

amperes  to  neutral 

or  0.3243  X  57740  =  tS.737 

k.v.a.  to  neutral 

'S.737  X  3  =  56.2  K.v.a. 

total  three  phase 

Table  XI  is  an  extens- 
ion of  Tables  IX  and  X 
from    which     values    in 
k.v.a.,    three-phase    for 
charging   current    have 
been  calculated  for  certain  assumed  spacings  and  aver- 
age voltages.    In  the  case  cited  above  it  was  found  that 
the  charging  current  would  be  56.2  k.v.a.,  three-phase 
per  mile.     Table  XI  gives  this  value  directly  for  the 
conditions  specified. 

CHARGING  CURRENT  AT  ZERO  LOAD 

The  term  charging  current  of  a  transmission  circuit 
refers  to  the  amount  of  current  which  flows  into  the 
circuit  at  the  supply  end  with  normal  voltage  held  at 
the  receiver  end  at  -ero  load.  If  the  circuit  is  long,  its 
capacitance  will  be  high  and  therefore  the  voltage  at 
the  supply  end  may  be  considerably  less  than  at  the  re- 
ceiver end.  For  instance  a  60  cycle  circuit  300  miles 
long,  having  certain  constants  will,  with  100  000  volts 
maintained  at  the  receiver  end,  have  a  voltage  of  only 
80000  volts  at  the  supply  end  at  zero  load.  This  same 
circuit  will  at  full  load  and  100  000  volts  maintained  at 
the  receiver  end,  require  120000  volts  at  tlie  supply 
end.  It  is  evident  therefore  that,  since  the  charging 
current  varies  with  the  voltage,  if  the  circuit  has  much 
capacitance  the  voltage  along  the  circuit,  and  particu- 
larly near  the  supply  end,  will  vary  to  a  large  extent 
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and  consequently  the  charging  current  oi  the  cncuit 
will  be  different  for  different  loads. 

In  case  of  the  300  mile  circuit  referred  to  above, 
the  charging  current  at  zero  load  will  be  very  much  less 
than  it  is  at  full  load,  because  the  average  voltage  at 
zero  load  is  less  than  the  average  voltage  at  full  load. 
At  zero  load  the  average  voltage  is  less  and  at  full  load 
it  is  greater  than  the  receiver  end  voltage. 

It  is  customary  to  calculate  the  total  charging  cur- 
rent for  the  circuit  by  multiplying  the  total  susceptance 
by  the  receiver  end  voltage.  This  would  be  correct  if 
the  voltage  throughout  the  length  of  the  circuit  were 
held  constant  and  of  the  same  value  as  at  the  receiver 
end.  This  condition  is  approximately  met  within 
commercial  lines  and  this  method  of  determining  the 


SUPPLY  END 


DISTANCE  IN  MILES  FROM  SUPPLY  END 
FIG.    12 — CHARGING   CURRENT   AT   ZERO   LOAD    FOR   VARIOUS    LENGTHS 

At  zero  load  the  voltage  (on  account  of  the  effect  of  capacitance)  decreases  as 
the  supply  end  of  the  circuit  is  approached.  The  charging  current  at  points  along 
the  circuit  decreases  directly  as  the  voltage.  If  the  charging  current  for  zero  load  is 
estimated  by  the  approximate  method  based  upon  the  receiver  voUage  being  main- 
tained throughout  the  length  of  the  circuit  the  result  will  be  too  high.  The  error  will 
increase  as  the  length  of  the  circuit  is  increased;  it  will  also  increase  rapidly  as  the 
frequency  is  raised.  The  error  in  the  resulting  K.V.A.  required  to  charge  the  circuit 
will  therefore  increase  very  rapidly  with  an  increase  in  distance  or  frequency.  The 
curves  below  represent  an  approximation  of  this  error. 


total  charging  current  is  therefore  sufficiently  accu'-ate 
for  most  practical  purposes. 

For  the  purpose  of  making  e.\act  calculation  of  the 
total  current  at  the  supply  end  of  long  circuits,  the 
charging  current  must  be  calculated  by  mathematical 
formulas  which  accurately  take  into  account  the  change 
in  voltage  along  the  circuit  at  zero  load.  This  will  be 
taken  up  in  a  later  article.  It  may  be  interesting  to 
note  approximately,  however,  how  the  charging  cur- 
rent and  charging  k.v.a.,  as  determined  by  the  above 
method,  varies  from  what  it  would  be  if  calculated  by 
the  rigorous  formula.  The  curves  in  Fig.  12  represent 
an  approximation  to  the  error  when  calculating  the 
charging  current  at  zero  load  by  multiplying  the  total 


susceptance  by  the  receiver  voltage.  For  a  circuit  300 
miles  long  the  error  in  charging  current  is  only  two 
percent  for  25  cycles  and  seven  percent  for  60  cycle  cir- 
cuits. The  error  in  charging  k.v.a.  is  four  percent  for 
25  cycle  and  32  percent  for  60  cycle  circuits. 

RELATION   OF  INDUCTANCE  TO  CAPACITANCE 

As  conductors  are  brought  closer  together,  the  in- 
ductance decreases  and  the  capacitance  increases. 
These  values  change  with  changes  in  spacings  between 
conductors  in  such  a  manner  that  their  product  L  'X,  C 
is  practically  a  constant  for  all  spacings  (except  very 
close  spacings  such  as  used  in  low-voltage  service  and 
lead-covered  cables)  and  for  all  sizes  of  conductors. 
If   there    were   no   losses   encountered   by   the   electric 

propagation      in      the 
conductors  themselves 
the  product  of  L  and 
C  would  be  a  constant 
^  for    all    spacings    and 
i  sizes  of  conductors, 
g  In  Table  C  is  in- 

0  dicated     the     relation 
g  of    the    total    induct- 
§  ance  and  capacitance, 
j5  o  and      their      product, 
~  in      two      bare     par- 
g  allel  conductors  in  air 
25  M  for  a  circuit  one  mile 
g  long.     The  values  for 
5Z,   are   in   millihenries 
and   for   C  in   micro- 
farads.        Since     the 
formulas  by  which  L 
and  C  were  calculated 
account    for   the   flux 
within  the  conductors 
themselves,  the  prod- 
uct LC  is  not  a  con- 
stant, as  will  be  seen 
by   the   tabulated 
values,    although    for 
the     larger     spacings 
such  as  used  in  high- 


tension  transmission  the  product  is  nearly  a  constant. 
TABLE  C— PRODUCT  OF  (TOTAL)  L  AND  (TOTAL)  C 


Solid  Cond 

irlors 

Inducl- 

Capac  tance 

Size 

Diam. 
Inrhes 

0.0 

Formula 

(4) 

Formula 

(H) 

Product 

/,  r 

I  000000 

1. 00 

2 

1053 

0.03395 

0.03575 

I  000000 

1.00 

24 

2.653 

0.0 1 155 

0.03064 

I  000000 

1. 00 

300 

4.279 

0.00695 

0.02974 

0000 

0.46 

2 

I -553 

0.02079 

0.03228 

0000 

0.46 

24 

3-153 

0.00961 

0.03030 

0000 

0.46 

300 

4779 

0.00623 

0.02977 

RELATION    OF    INDUCTANCE    AND    CAPACITANCE    TO    LIGHT 
VELOCITY 

The  propagation  of  the  electric  and  the  magnetic 
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fields  in  a  dielectric,  such  as  air,  is  the  same  as  that  of 
light.  Along  a  transmission  line  it  is  retarded  only 
slightly  due  to  losses  or  the  fact  that  the  current  is  not 
confined  to  the  surface  of  the  conductors.  If  the  induc- 
tance inside  the  conductors  is  negligible,  then  the  ve- 
locity of  the  electric  and  the  magnetic  fields  is  the  same 
as  light,  that  is  approximately  i86  ooo  miles  per  second 
or  approximately  3  X  10"  cm.  per  second.  For  high- 
tension  transmission  lines  of  large  spacings,  the  induc- 
tance inside  the  conductor  is  relatively  small,  so  that  the 
speed  of  the  electric  field  is  practically  that  of  light. 

The  following  relation  exists  between  inductance  L 
in  henries,  capacity  C  in  farads  and  velocity  of  light  V 
per  second : — 


/.C  (in  air) 


(17) 


Thus  it  will  be  seen  that  if  either  L  or  C  is  knuwn, 
the  other  ma\-  be  determined  since  the  velocity  of  light 
f '  is  known.  If  values  for  L  and  C  are  taken  which  in- 
clude the  inductance  inside  the  conductors,  particularly 
if  the  conductors  are  very  close  together,  it  would  be 
necessary  to  assume  a  velocity  of  electric  propagation 


somewhat  less  than  that  of  light.  If,  on  the  other 
hand,  the  values  for  L  and  C  external  to  the  conductors 
are  taken,  then  the  above  equation  is  rigidly  correct. 

In  Table  C,  it  was  shown  that  for  No.  0000  con- 
ductors, 300  inch  spacing,  the  total  values  of  L  and  C 
were  for  a  single-phase  line, — 

L  =  0.004  779  henries  per  mile  of  circuit. 
C  =  0.000  000  006  23  farads  per  mile  of  cir- 
cuit. 

therefore,    F  = 


1    ooo^jyq  X  0.000000006  2 J 

183  000  miles  per  second (18) 

which  is  less  than  the  speed  of  light. 

If  we  take  the  inductance  in  the  air  space  between 
the  conductors,  Formula  (2)  ;  we  arrive  at  the  values, — 
L  =  0.0046179  henries  per  mile  of  circuit. 
C  =  0.000000006  23  farads  per  mile  of  cir- 
cuit. 


thereforf    1 '  =  ^  ""  = 

I    ().«>-/ 0/7  y   X  o.oDoooo  nnb  2^ 

186  000  miles  per  second ( 19) 

which  is  approximately  the  speed  of  light. 
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WHFN  the  first  facts  of  electrical  science  were 
learned  by  the  early  investigators,  among  the 
most  important  ones  was  that  some  materials 
were  conductors  while  others  did  not  seem  to  conduct 
electricity  and  so  were  classed  as  "dielectrics"  or  "in- 
sulators". In  the  development  of  electrical  apparatus 
it  soon  appeared  that  this  quality  of  insulation  was 
just  as  important  as  that  of  conduction  in  the  other  class 
of  materials.  The  one  class  provided  a  path  for  the 
electric  current  while  the  other  kept  the  current  from 
straying  from  this  path. 

Why  some  materials  were  conductors  and  others  not, 
was  not  understood  and  is  only  now  in  a  measure  ex- 
plained by  the  statement  that  all  matter  contains  minute 
particles  called  electrons  and  that  these  electrons  have 
various  degrees  of  mobility  in  various  materials.  In 
those  materials  in  which  free  electrons  are  plentiful 
and  mobile,  a  current  of  electricity  is  nothing  more 
than  the  emigration  of  these  electrons  under  the  im- 
pulse of  an  electromotive  force.  In  those  materials  in 
which  the  free  electrons  are  few  and  comparatively  im- 
mobile, but  very  feeble  currents  can  be  set  up  by  an 
electromotive  force.  Such  materials  are  termed  "in- 
sulators", but  in  reality  they  are  only  comparatively 
poor  conductors. 

It  was  early  determined  sufficiently  for  generaliza- 
tion that  metals  were  conductors.  Few  general  rules, 
however,  have  been  worked  out  as  to  what  materials 
were  necessarily  non-conductors.  One  such  generali- 
zation made  by  Maxwell  is  that  solid  transparent  ma- 


Jackson 

terials  must  be  insulators.  This  conclusion  is  based  on 
the  fact  that  light  is  an  electromagnetic  radiation  and 
such  radiation  penetrating  a  conductor  at  once  produces 
local  electron  movement  with  absorption  of  energy  and 
therefore  of  the  radiation.  The  very  -fact  of  trans- 
parency in  the  case  of  material  not  an  electrolyte  is 
proof  of  its  non-conducting  quality.  The  converse, 
however,  is  not  true  as  insulators  are  frequently  opaque. 
They  are  usually  of  complicated  structure  and  prob- 
ably possess  some  radiation  absorbing  element  inde- 
pendent of  the  insulating  constituent.  Electrolytes, 
while  often  transparent,  are  apparently  conducting  in 
a  much  different  manner  from  metals  and  presumably 
would  be  non-conducting  at  frequencies  approaching 
that  of  light. 

For  practical  purposes  all  insulating  materials  may  be 
divided  into  the  two  classes  of  organic  and  inorganic. 

The  inorganic  materials  are  chiefly  of  value  due  to 
their  ability  to  withstand  weather  or  high  temperature, 
or  both.  The  following  are  fairly  well  known  in- 
organic insulators: — porcelain,  glass,  marble,  lava,  soap- 
stone,  mica,  asbestos,  etc.  The  characteristics  of  each 
will  be  discussed  later. 

The  organic  materials  cover  a  wide  field  and,  in 
general,  involve  compositions,  some  parts  of  which  are 
the  products  of  plant  growth  or  hydrocarbons  of  per- 
haps unknown  origin  such  as  the  so-called  mineral  oils. 
They  are  all  .subject  to  carbonization,  i.e.,  burning  at 
temperatures  that  would  not  aflfect  the  inorganic  ma- 
terials.      The    following   are    some   of    the   commoner 
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types  of  orgaiiii.'  insulations:  there  is  such  a  variety  of 
them  with  various  trade  names  that  it  is  practically  un- 
possible  to  make  a  complete  list : — 

Paper,    in   all    its    forms    and   trt-atnicnts 

Cloth,  in  all  its  forms  and  treatments 

Wood 

Varnishes 

Gums,  asphalts,  pitches,  waxes,  etc.,  commonly  used 
either  for  varnish  making  or  for  filling  or  impregnating 
purposes 

Synthetic  resins,  such  as  bakelite.  eondcnsite,  red- 
manol,  etc. 

Rubber    and    similar    materials 

Oils — vegetable  and  animal 

Oils — mineral   or  petrolic  in  origin. 

A  great  variety  of  special  adaptations  of  the  vari- 
ous materials  and  combinations  of  them  are  in  common 


INORGANIC  OR  MINERAL  MATERIALS 

Porcelain  as  used  for  electrical  insulation  is  essen- 
tially a  fused  mixture  of  clay,  flint,  and  feldspar.  To 
make  a  serviceable  insulator  there  must  be  a  balance 
between  these  three  materials.  The  mechanical 
strength  varies  directly  with  the  flint  content,  the  re- 
sistance to  local  heating  varies  with  the  clay  while  the 
feldspar  furnishing  the  alkali  element  tends  to  give  a 
translucent,  glossy  texture  and  increases  the  dielectric 
strength,  but  also  the  brittleness.  After  a  satisfactory 
balance  has  been  obtained  between  mechanical  strength, 
dielectric  strength  and  resistance  to  temperature 
changes,  there  is  nothing  to  gain  by  varying  the  pro- 
portions so  long  as  the  same  materials  are  used.  It  has 
been  found  that  if  a  soda  instead  of  a  potash  feldspar  is 
used  there  is  an  absence  of  ring  and  the  resilient  tex- 
ture of  the  porcelain  is  replaced  by  a  certain  deadness. 
There  has  been  produced  a  special  type  of  porcelain  for 
spark  plugs  in  airplane  and  automobile  engines  with 
magnesia  as  one  of  the  constituents,  that  gives  good 
mechanical  strength  and  special  virtues  in  resistance  to 
heat.  It  also  retains  its  dielectric  strength  up  to  sur- 
prisingly high  temperatures.  Ordinary  porcelain  be- 
gins to  lose  its  electrical  strength  at  about  300  degrees 
C. 

Ordinary  electrical  porcelain  has  a  tensile  strength 
of  approximately  3000  pounds  per  square  inch  under 
fair  conditions.  In  general,  however,  it  is  undesirable 
to  use  it  in  tension  where  the  service  is  important  un- 
less the  stress  is  low  and  free  from  shocks.  Under 
compression,  porcelain  is  reliable  and  has  a  crushing 
strength  of  about  20  000  pounds  per  square  inch.  Ef- 
forts to  use  porcelain  in  suspension  for  line  insulation 
are  looked  on  with  suspicion,  but  if  the  mass  of  the  piece 
is  great  enough  and  the  mix  rather  high  in  flint,  there 
is  no  reason  why  such  use  should  not  be  successful  for 
moderate  loads. 

The  glaze  on  porcelain  is  essentially  a  glass  coat- 
ing sufficiently  fusible  to  melt  and  assume  a  brilliant 
surface  at  the  firing  temperature  of  the  porcelain.  It 
must  have  the  same  temperature  expansion  coefficient 
as  the  porcelaitL  If  greater,  the  glaze  will  craze  on 
cooling  and  show  fine  hair  cracks.  If  less,  the  result 
will  be  shivering  or  fine  chipping  off  of  the  glaze.     The 


glaze  contributes  practically  nothing  to  the  dielectric 
strength  of  jtroperly  fired  porcelain  but  is  of  value  to 
give  a  definite  color  and  a  brilliant  cleanable  surface  to 
the  ware. 

In  general,  at  the  present  time,  the  quality  of  elec- 
trical porcelain  is  dependent  not  so  much  on  the  knowl- 
edge as  to  what  is  the  proper  mix  of  materials  as  upon 
the  care  and  integrity  manifested  in  the  preparation  of 
the  materials,  the  fabrication  and  testing  of  the  product. 

Glass  as  an  electrical  insulator  was  used  very  early 
in  the  art  because  of  its  obviously  good  insulating 
quality.  It  was  early  discovered,  however,  that  it  had 
the  faults  as  well  as  the  virtues  of  a  porcelain  very 
high  in  feldspar,  that  is,  while  its  insulating  strength  is 
high  and  its  fracture  clean  and  bright,  it  was  found  to 
be  brittle  and  very  subject  to  fracture  from  very  mod- 
erate temperature  variations. 

The  expansion  temperature  coefficient  of  the  ordi- 
nary glass  such  as  used  in  insulators  is  7  to  8,  as  com- 
pared to  5  to  6  for  porcelain.  Another  difficulty  that 
developed  with  the  glass  used  in  insulators  is  the 
weathering  and  disintegration  of  the  surface  in  contact 
with  moisture.  This  is  not  true  of  all  glass  by  any 
means  but  is  likely  to  be  a  troublesome  factor  with  the 
ordinary  cheap  glass  which  it  has  been  considered  nec- 
essary to  use  for  the  manufacture  of  insulators.  If  a 
glass  of  low  temperature  coefficient  of  expansion  and 
good  weathering  qualities  should  be  put  on  the  market 
at  a  price  at  all  comparing  with  porcelain,  there  would 
be  a  fair  chance  of  its  coming  into  use  for  high  voltage 
insulation.  It  would  have  the  obvious  advantage  of 
uniformity  of  dimensions  and  ease  of  inspection  due  to 
transparency. 

Glass  has  been  used  at  times  as  the  dielectric  of 
static  condensers.  Unless  special  provision  can  be 
made  for  cooling,  however,  it  is  not  very  satisfactory. 
Used  at  a  high  electric  stress,  as  it  must  be  to  be  effi- 
cient as  a  condenser,  glass  has  internal  dielectric  losses 
which  cause  local  heating  and  cracking.  The  so-called 
"Moscicki"  condensers,  made  of  a  special  imported  glass 
in  the  form  of  a  long  bottle  with  a  thick  neck  have  been 
used  for  some  time  in  wireless  work.  The  special  fea- 
tures that  made  them  successful  were  a  quality  of  glass 
that  had  very  low  dielectric  losses  and  a  shape  of  bottle 
with  a  thick  narrow  neck  at  the  point  where  the  plating 
ended.  This  reduced  the  stress  and  corona  at  this  criti- 
cal location. 

Glass  in  general  is  not  a  crystal  but  a  solid  colloid. 
It  has  more  the  nature  of  a  mineral  gum  in  a  very  hard 
state.  Glass  again  is  only  a  generic  name  for  a  very 
wide  variety  of  compositions  usually  having  silica  as  a 
constituent.  The  qualities  of  different  glasses  vary 
greatly  and,  while  the  use  of  glass  for  insulation  pur- 
poses has  not  been  increasing  of  late  years,  its  use  or 
rejection  should  be  based  only  on  the  adaptability  of 
the  glass  available  to  the  use  contemplated. 

Marble  is  a  pure  rock  of  calcium  carbonate  which 
has  undergone  sufficient  heat  to  cause  recrystallization. 
It  does  not  compare  with  porcelain  or  glass  as  an  in- 
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sulator.  Marble  is  well  suited  to  such  low  voltages  as 
2500  but  for  higher  potentials  should  not  be  used  for 
switchboard  work  or  otherwise  except  under  very  spe- 
cial precautions.  When  direct-current  of  1000  volts  or 
over  is  used  on  marble  in  air,  the  marble  should  be 
soaked  in  insulating  varnish  and  then  baked  or  some 
similar  treatment  should  be  applied. 

Marble  takes  a  good  polish  but  shows  oil  spots  and, 
for  that  reason,  is  now  stained  black  and  given  a  so- 
called  marine  finish  to  avoid  the  ditificulty  of  oil  stains 
and  matching  up  of  color.  Being  a  limestone,  marble 
should  not  be  subjected  to  temperatures  sufficient  to 
drive  off  its  CO2  as  it  would  then  slake  and  disinteg- 
rate. Good  marble  has  a  transverse  bend  strength  of 
about  1500  pounds  per  square  inch  and  a  compression 
strength  of  about  10  000  pounds  per  square  inch. 

Slate  is  a  material  which  can  be  cut  into  plates  or 
slabs  and  used  in  a  way  similar  to  marble.  It  has  cer- 
tain advantages  over  marble,  particularly  in  regard  to 
strength  and  cheapness.  For  example,  its  transverse 
bending  strength  is  about  7500  pounds  and  it  has  a 
compressive  strength  of  20000  pounds.  Like  marble 
it  is  mostly  used  for  switchboards  with  a  black  finish. 
It  is  not  considered  quite  equal  to  marble  electrically, 
but  is  suitable  for  general  low  voltage  work.  Both 
slate  and  marble  are  chiefly  of  value  for  plates  for 
switch  mounting  and  are  not  suitable  for  bushings  nor 
are  they  in  any  way  competitive  with  glass  or  porce- 
lain. Slate  itself  does  not  take  a  polish  unless  varnished. 
It  can  be  drilled  with  comparative  ease. 

Soapstone  in  the  raw  state  is  often  used  where 
cheap  bulky  slabs  are  required  for  barriers,  bushing 
supports,  etc.  Its  use  is  now  limited  to  barrier  appli- 
cations where  it  is  set  in  cement  and  serves  to  isolate 
possible  arcs.  It  stands  heat  better  than  the  other  plate 
materials  but  does  not  take  a  polish  and  is  not  particu- 
larly reliable  as  an  insulator  for  any  but  moderate  volt- 
ages. 

Lava — A  material  sold  under  the  trade  names  of 
"Lava"  or  "Lavite"  is  essentially  a  natural  rock  called 
steatite  similar  to  soapstone  that,  after  machining  to 
shape,  is  baked  or  fired  at  a  high  temperature  i.  e.  iioo 
degrees  C.  Lava,  being  a  machine-cut  product,  can  be 
obtained  in  very  accurate  shapes.  The  pieces  are 
limited  in  size  to  six  to  eight  inches  for  any  dimension. 
The  in.sulating  quality  is  high,  comparing  favorably  to 
porcelain,  and  its  resistance  to  heat  is  great.  For  that 
reason  it  is  particularly  suited  for  insulating  spools  on 
which  heating  elements  are  to  be  wound.  As  it  can 
be  cut  in  the  soft  condition  and  is  very  hard  and  strong 
after  firing,  it  can  be  made  up  threaded  or  with  grooves  ,. 
or  small  deep  holes  for  wires.  Being,  in  general,  made  ■ 
from  a  natural  rock,  it  is  necessary  in  manufacture  to 
select  carefully  the  material  to  avoid  laminations.  It  is 
two  to  three  times  as  strong  as  marble  and  stands  heat 
ver}'  much  better.  It  absorbs  moisture,  however,  and 
therefore  is  not  in  general  a  substitute  for  porcelain. 

Mica  is  a  crystal  of  the  monoclinic  system  pro- 
vided with  a  multitude  of  cleavage  planes.     Its  com- 


position nia\  vary  largely  as  to  basic  elements  but  in 
general  is  a  compound  of  silicates  of  alumina  and  an 
alkaline  metal.  "Muscovite"  or  potash  mica  has  a 
composition  of  H^K  Al,_  (SiO^)  3,  while  "Phlogopite" 
or  magnesia  mica  has  a  magnesia  content  which  may  be 
considered  as  a  partial  substitute  for  the  potash.  This 
is  the  variety  commonly  known  as  "Amber"  mica. 
While  mica  is  ordinarily  split  to  flakes  about  o.ooi  inch 
in  thickness,  there  seems  to  be  no  particular  limit  to 
the  thinness  of  cleavage.  Small  flakes  1-300000  inch 
thick  have  been  found.  In  fact,  the  ultimate  thickness 
of  cleavage  layers  is  unknown  and  may  be  finally  but 
one  layer  of  the  molecular  structure. 

Artificial  mica  is  sometimes  found  in  slags  and  has 
been  produced  by  Von  Chrustachoff  by  fusing  alumina, 
potash  and  silica  in  a  platinum  crucible  and  allowing" 
to  cool  very  slowly,  when  small  mica  crystals  2  to  3 
mm.  square  were  found  in  the  cooled  mass.  The  size 
of  crystals  is  dependent  on  the  slowness  of  undis- 
turbed cooling.  An  idea  of  geologic  time  may  be  ob- 
tained from  the  fact  that  mica  crystals  have  been 
found  weighing  20  tons.  A  crystal  was  found  in  the 
Inikurti  mine  in  India  10  feet  deep  by  15  feet  across. 
Mica  is  found  in  many  parts  of  the  world  in  rocks 
of  coarse  granitic  structure.  It  appears  irregularly  in 
the  form  of  "books"  or  packages  of  flake  crystals 
which  when  separated  from  the  rock  and  trimmed  can 
be  split  into  sheets  of  thickness  down  to  about  o.OOi 
inch.  Flakes  thinner  than  this  are  rather  too  fragile 
to  handle.  If  the  splitting  produces  thicker  flakes  or 
"heels",  i.  e.  thick  edges  or  comers,  the  product  is  un- 
satisfactory for  some  electrical  uses.  Some  mica 
crystals  have  been  subject  to  uneven  rock  pressure  so 
that  wrinkles  have  been  formed.  Such  wrinkles  usual- 
ly have  to  be  eliminated  before  splitting. 

While  for  electrical  purposes  mica  is  commonly 
graded  as  "amber"  or  magnesia  mica  and  as  "white"  or 
potash  mica,  yet  there  are  a  variety  of  others  not  com- 
mon on  the  American  market.  They  may  be  graded  as 
to  softness  as  follows: — 

I — Amber  mica. 

2 — White  India  Mica. 

3 — Soft  green    Madras  and   Calcutta  mica. 

4 — Ruby  Indian  mica. 

5 — Hard  green  and  brown  Madras. 

6 — Green,   brown   and   yellow   East   African 

7 — Green  U.  S.  Mica. 

The  amber   while  classed   as   soft   may   be   graded   as 
follows : — 

I — Clear  transparent  soft  amber. 

2 — Streaked  amber  of  medium  hardness. 

3 — Opaque  hard  amber. 

Amber  mica  on  account  of  its  softness  is  preferred 
for  commutator  segments  because  its  softness  permits  it 
to  wear  down  flush  with  the  copper  segments  more 
readily  than  the  harder  white  mica.  More  recent 
practice,  however,  is  to  undercut  the  mica  1/16  inch 
below  the  level  of  the  copper  and  use  either  white  or 
aiuber. 

To  be  made  use  of  industrially  mica  has  to  be  built 
up  into  sheet  or  wrapper  or  plate  by  means  of  a  binder. 
For  some  work  flakes  of  mica  are  built  up  by  hand  with 
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a  shellac  binder  until  a  thickness  is  obtained  suitable 
for  separators  for  commutator  segments.  It  is  then 
pressed  under  heat  to  drive  out  the  solvent  in  the 
shellac  and  after  sanding  off  to  a  definite  thickness  is 
ready  for  punching  to  shape.  A  similar  product  can 
be  made  with  very  little  handwork  by  dropping  the 
mica  flakes  in  a  tower  with  a  dry  powdered  bond  which 
is  afterwards  melted  in  the  hot  press,  thereby  sealing 
all  the  flakes  together. 

For  coil  wrappers  the  mica  flakes,  which  must  be 
of  good  quality,  are  built  onto  a  thin  sheet  of  tough 
paper.  The  bonding  varnish  should  be  of  a  character 
to  remain  soft  for  some  time  and  permit  the  wrapper 
to  be  applied  and  rolled  tightly  to  the  coil  and  bend 
around  the  corners  without  breaking.  For  parts  of 
coils  where  a  long  wrapper  is  unsuited  a  mica  tape  con- 
sisting of  flakes  built  upon  a  very  thin  paper  is  used. 
After  cutting  into  strips  such  tape  can  be  wound  spir- 
ally with  overlap  in  the  same  way  as  ordinary  tape  ex- 
cept that  care  must  be  used,  as  the  strength  is  not  great. 
Such  taping  must  be  protected  by  a  cloth  tape  where  it 
is  not  covered  by  a  final  wrapper. 

A  special  and  very  satisfactory  application  is  ob- 
tained by  building  large  high  grade  mica  on  a  tough 
thin  paper  with  shellac.  This  wrapper  is  then  wound 
loosely  on  the  straight  part  of  the  coil  by  hand  after 
which  it  is  ironed  down  by  rotating  hot  iron  bars  that 
nre  arranged  to  float  around  the  coil  in  contact  with  the 
wrapper  in  such  a  way  as  to  melt  the  shellac  and  draw 
the  wrapper  up  tight.  The  coil  is  then  clamped  in  an 
accurate  form  and  allowed  to  cool.  The  result  is  a  coil 
the  straight  portion  of  which  is  encased  in  a  hard  mass 
of  which  75  percent  is  mica  sealed  together  with  shellac. 
This  process  of  applying  "micarta  folium"  gives  a  par- 
ticularly firm  durable  heat-resisting  insulation  of  high 
dielectric  strength  for  the  straight  portions  of  large 
generator  coils. 

Certain  qualities  of  mica  give  it  an  outstanding 
virtue  for  insulating  purposes.  It  is  not  hygroscopic, 
that  is,  it  has  no  natural  tendency  to  absorb  moisture. 
It  is  not  readily  affected  by  corona  or  electric  discharge 
over  its  surface.  This  particularly  adapts  it  to  use  on 
high  voltage  generators  where  corona  is  liable  to  be 
present  at  the  end  of  the  slots.  Organic  insulation  will 
be  eaten  through  and  fail  in  time  under  the  action  of 
corona. 

Another  valuable  feature  of  mica  is  that  through 
the  range  of  generator  temperatures  it  retains  its  di- 
electric qualities  with  but  very  moderate  change.  Its 
insulation  resistance,  of  course,  drops  a  trifle  with  ris- 
ing temperature  but  practically  the  result  with  rising 
temperature  is  generally  an  increase  of  insulation  watt- 
loss  for  a  time  until  all  free  moisture  is  eliminated, 
after  which  the  losses  fall  off  and  drop  to  a  figure  but 
little  above  those  for  room  temperatures.  Thus  coil 
wrappers  possessing  a  large  amount  of  mica  have  a 
distinct  advantage  over  organic  wrappers  the  losses  in 
which  at  higher  temperatures  frequently  rise  to  a  dan- 
gerous point.     In  fact,  it  is  possible  for  the  losses  in  a 


high  voltage  generator  to  reach  a  value  commensurate 
with  the  full-load  copper  losses  in  the  windings.  When 
such  a  condition  is  reached  the  situation  is  unstable  and 
the  machine  may  burn  out  even  though  the  load  be  re- 
duced. The  insulation  losses  cause  the  temperature  to 
continue  to  rise  and  the  elevated  temperature  causes 
increased  insulation  losses.  Large  generator  windings 
that  may  be  subject  to  severe  heating  are,  therefore, 
much  more  stable  and  reliable  if  mica  is  insulated  than 
if  reliance  is  placed  on  a  wholly  organic  insulation. 

For  heating  apparatus  such  as  smoothing  irons, 
where  the  mica  is  in  contact  with  red-hot  conductors, 
only  special  grades  of  mica  are  suitable.  While 
theoretically  mica  does  not  contain  water  of  crystalli- 
zation yet  most  mica  actually  does  contain  some  water 
and  when  heated  to  400  to  600  degrees  C.  turns  to  a 
silvery  opaque  condition  and  becomes  very  soft. 
Some  grades,  however,  will  retain  their  structure  up  to 
800  degrees  and  above.  While  necessity  may  be  the 
mother  of  invention,  it  is  hard  to  see  how  the  present 
development  of  electrical  apparatus  would  have  been 
possible  without  mica. 

Asbestos — Like  mica,  asbestos  is  a  peculiar  crystal 
of  silica,  magnesia,  alumina  and  water.  Instead  of 
having  cleavage  planes  it  cleaves  into  innumerable 
fibers.  As  mica  cleaves  into  exceedingly  thin  flakes  or 
sheets,  so  asbestos  even  under  a  magnification  of  900 
diameters  still  shows  fibers  so  small  as  to  be  hardly  dis- 
cernible. It  has  been  suggested  that  the  ultimate  un- 
dividable  fiber  will  be  a  single  row  of  the  molecular 
structure  of  the  crystal. 

Asbestos  apparently  has  crystallized  out  of  the 
surrounding  serpentine  rock,  the  chemical  nature  of 
which  is  the  same,  into  crevices  and  cracks  which  have 
been  formed  by  earth  movement.  These  crystals  ap- 
pear to  grow  out  from  each  face  of  the  rock  much  like 
frost  crystals  push  up  from  decaying  peat  or  sawdust. 
Frequently  the  crystals  growing  out  from  the  opposite 
faces  appear  to  have  met  in  the  center  of  the  fissure 
where  a  layer  of  grit  and  rock  particles  form  which 
have  been  carried  on  the  head  of  the  advancing 
crystals. 

Two  kinds  of  white  asbestos  are  found  "Chryso- 
tile"  and  "Amphibole".  The  latter  is  higher  in  silica, 
lime  and  iron,  lower  in  magnesia  and  water  than  the 
former.  While  somewhat  more  resistant  to  heat  and 
acid  it  is  rather  brittle.  It  is  not  much  used  for  that 
reason.  It  is  the  Chrysotile  that  is  commonly  used  for 
insulation  work  and  our  supply  comes  largely  from  the 
province  of  Quebec. 

At  first  there  was  great  difficulty  in  spinning  as- 
bestos fiber  after  it  has  been  crushed  and  beaten  into 
the  fine  fluffy  mass  resembling  cotton.  While  wool, 
cotton  and  silk  have  more  or  less  roughness  on  the 
surface  of  the  filament,  asbestos  is  absolutely  smooth 
and  glossy.  This  condition  failed  to  provide  the  fric- 
tion necessary  to  give  strength  to  the  spun  thread. 
This  difficulty  has  been  partly  overcome,  however,  and 
fairly  strong  fine  thread  can  be  made  of  long  fiber  as- 
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bestos  though  not  equal  to  good  cotton  or  linen. 

For  electrical  insulation  asbestos  is  used  in  the 
form  of  paper  or  as  a  cloth,  as  tape,  as  a  wrapper  on 
wire,  as  a  board  when  cemented  together  by  a  suitable 
binder  and  as  a  filler  and  strength  element  in  molding 
mixtures.  Its  chief  advantage  is  that  it  is  non-com- 
bustible and  does  not  fuse  at  any  temperature  en- 
countered in  electrical  apparatus,  except  adjacent  to  an 
arc.  Its  main  disadvantage  is  that  it  is  somewhat 
hygroscopic  and  therefore  does  not  have  insulating 
valufes  suitable  for  high  voltage  use.  Asbestos  insula- 
tion should  in  general  never  be  used  in  connection  with 
\  oltages  of  3300  and  above. 

Another  limitation  is  the  presence  in  the  fiber  of 
small  particles  of  iron  oxide  or  magnetite  like  scale  or 
grit.  These  particles  are  veiy  small  but  several  may 
sometimes  be  found  with  a  microscope  in  a  square  inch 
of  paper.  While  the  resistance  of  each  such  particle 
is  usually  fai'-ly  high  yet,  in  the  aggregate,  they  may  at 
times  cause  .ippreciable  leakage  current.  There  is  no 
known  way  of  entirely  eliminating  these  iron  oxide  par- 
ticles wi'.h   ■  ■'    iri-'isly  damaging  the  asbestos  fiber. 

Wherever  the  insulation  strength  required  is  rliod- 
erate  and  a  heal- resisting  or  non-combustible  material 
is  needed,  asbestos  serves  ;.  very  useful  purpose.  It 
is  nowhere  near  as  essential  is  mica  but  the  electrical 
industr}'  would  be  distinctl}  embarn:S''-d  by  its  ab- 
sence.* 

ORGANIC    MATERIALS 

When  organic  insulating  aiaterial  :re  considered, 
it  is  impossible  to  give  their  characte  .sii  's  in  such  de- 
tail as  in  the  case  of  the  mineral  matc'-als  because 
there  are  so  many  variet.es  ana  adaptaiicni  of  each 
one.  The  general  nature  of  such  characteristics,  how- 
ever, and  certain  limitations  can  be  indicated. 

Paper  or  similar  felted  fiber  materials  have  l)een 
used  since  the  very  beginning  of  the  electrical  industry. 
This  type  of  material  ranges  from  the  thinnest  rice 
tissue  paper  used  in  condensers  to  heavy  fullerbuards 
and  massive  sheets  of  fiber  as  much  as  one  inch  in 
thickness.  In  general,  while  all  varieties  are  m;ide  from 
some  vegetable  fiber,  the  product  is  of  two  general 
types,  i.e.,  that  in  which  the  fiber  or  pulp  is  simply  com- 
pressed into  a  paper  and  that  in  which  the  fibrr  has 
been  specially  digested  or  parchmentized  to  give  a  ;Iosc 
grained  colloidal  or  cellulose  texture.  Kraft  paper  and 
fullerboard  are  samples  of  the  former,  while  fish  paper 
and  hard  fiber  are  of  the  second.  The  former  may  re- 
ceive a  sizing  treatr  ent  of  glue  solution  to  harden  the 
surface. 

The  thinner  grades  of  paper  are  used  chiefly  either 
as  a  foundation  on  which  to  build  mica  for  coil  wrapper 
purposes  or  with  a  varnish  treatment  to  close  the  pores 
and  give  it  a  more  definite  dielectric  value  and  some- 
what increase  its  resistance  to  heat  or  moisture.  A  spe- 
cial use  is  that  now  extensively  made  of  the  kraft  or 
wood  pulp  paper  in  the  manufacture  of  micarta,  de- 


scribed later.  Plain  untreated  paper  has  uo  great  di- 
electric strength  since  its  pores  are  not  closed  bu't  filled 
with  air  and  may  easily  become  filled  with  moisture. 
It  is  chiefly  of  value  as  a  vehicle  or  framework  to  hold 
other  materials  of  higher  dielectric  value  such  as  oil, 
varnish  or  impregnating  gums. 

Material  that  has  been  through  a  special  digesting 
or  parchmentizing  process  is  used  principally  on  ac- 
count of  its  hardness  and  strength  and  resistance  to 
abrasion.  For  example,  fish  paper  and  thin  fiber  is 
used  for  slot  cells  to  protect  the  coil  insulation  from 
cutting  by  the  edges  of  the  iron  laminations  and  for 
wedges  to  hold  the  coils  in  place.  Fish  paper  is  also 
used  to  some  extent  as  a  separation  between  coils  of 
sinall  service  transformers.  One  feature  of  this  type 
of  paper  is  that  the  digesting  or  parchmentizing  process 
has  involved  some  active  chemical,  like  sulphuric  acid 
or  zinc  chloride  which  afterwards,  in  the  process  of 
manufacture,  has  to  be  carefully  washed  out.  If  this 
is  not  done  the  action  of  such  treating  chemical  con- 
tinues, especially  when  subjected  to  heat,  and  the  pro- 
duct is  liable  to  become  very  brittle  and  even  disinteg- 
rate. 

There  are,  also,  papers  and  boards  having  asbestos 
as  a  body,  their  heat  resisting  qualities  are,  of  course, 
beyond  the  range  of  that  of  organic  materials  but  they 
are  inferior  as  to  insulating  quality,  unless  reinforced 
by  some  organic  binder  which,  in  a  measure,  sacrifices 
the  heat-resisting  character. 

The  following  is  a  list  of  the  principal  materials  of 
the  paper  type  in  use  for  insulating  work; — 


NAME 


ORIGIN 


METOD  OF 
MANUFACTURE 


*See  article  on   "Asbestos"  by   H .    R.    Edgecomb,   in   the 
Journal  for  January  191 1,  p.  82. 


Linen  paper   ....   Linen  Scrap Compressed  and  sized 

Kraft    Wood  pulp   Sulphate  treatment 

unsized 

Rope  cement  Old  rope   Compressed  and   unsized 

paper 

i-';ess  board    ....   Cotton    rags    Compressed  and  sized 

Fuuerboard  .    ...   Cotton   rags    Compressed  and  unsized 

Fish  paper  Cotton   rags    Digested  H3SO4 

Hard  liber   ......     Cotton   rags    Digested  ZnCl 

Asbestos  paper    .    Asbestos  and 

cotton  fiber  Compressed,  unsized 

Asbestos  lumber     Asbestos  & 

hydraulic  cement    Compressed,  unsized 
Asbestos  board   .   Asbestos  and 

water  glass   Compressed  and  heated 

Paper   micarta    .      Kraft  paper  iS, 

shellac  or  bakelite  Compressed  and  heated   , 
Duck   micarta    .  .    Cotton  duck  & 

bakelite Compressed  and  heated. 

Cloth — There  came  into  use  some  twenty  years 
ago  a  material  known  at  the  time  as  "empire  cloth", 
which  consisted  of  a  white  cotton  cloth  (cambric) 
treated  with  a  linseed  oil  varnish  that  left  it  in  a  soft 
flexible  condition  but  having  a  high  insulating  quality. 
In  one  form  or  another  this  type  of  material  continues 
in  use  extensively  today. 

For  the  very  finest  work  on  ignition  magnetos  and 
similar  work  varnished  silk  is  preferable  on  account  of 
its  extreme  flexibility  and  high  dielectric  strength  per 
mil  of  thickness.  Varnished  silk  can  be  obtained  in 
thickness  down  to  0.003  to  0.004  inch. 
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Treated  cambric  is  made  with  either  clear  or  black 
varnishes  and  in  either  smooth  or  tacky  surface.  By 
"tacky"  is  meant  a  surface  somewhat  sticky  so  that 
layers  adhere  together  when  put  on  as  a  tape.  Treated 
cambric  can  be  obtained  in  thicknesses  of  from  0.007 
to  0.012  inch,  depending  on  the  number  of  dips  of 
varnish  applied.  Ordinarily  the  varnishes  are  com- 
posed of  linseed  or  similar  oils  with  copal  gum,  etc.  or 
in  case  of  the  black  varnish  some  variety  of  asphalt  may 
be  included.  Special  applications  of  treated  cloth  are 
friction  tape  in  which  the  treatment  is  usually  a  rubber 
composition.  Similar  tapes  are  made  with  pitch  or 
asphalt  treatment.  The  idea  is  to  provide  an  adhesive 
"dope"  that  will  seal  the  layers  together  and  finally 
harden  with  age  into  a  compact  insulating  mass.  Tapes 
may  be  woven  to  width  or  cut  straight  from  wider  stock 
or  cut  from  stock  that  has  been  spliced  on  the  bias  and 
resewed.  This  latter  method  gives  a  tape  with  all 
threads  running  diagonally  across  it,  thus  permitting  it 
to  stretch  and  pull  down  on  curved  surfaces  smoother 
than  straight  cut  tape. 

For  severe  conditions  of  mechanical  stress,  heavy 
drilling  or  even  cotton  duck  is  treated  with  oil  or  pitch 
varnishes. 

It  sometimes  appears  in  examining  samples  of 
treated  cambric  that  some  have  a  beautifully  glossy 
smooth  surface  while  others  have  rough  or  pimply 
surfaces.  A  clean  firm  cambric  that  has  been  singed 
to  eliminate  the  stray  nap  of  cotton  fibers  and  then 
partially  filled  will  give  a  reasonably  smooth  surface 
after  treatment  and  at  the  same  time  retain  a  high  di- 
electric strength.  Extreme  filling  and  sizing  of  the 
cloth  before  calendering  and  varnishing  will  give  a  finer 
finish  and  nicer  appearance  but  the  excessive -Harch 
prevents  the  varnish  from  filling  the  cloth.  The  result 
is  two  films  of  varnish,  one  on  each  side  of  the  cloth 
with  a  starch  and  cotton  layer  between  with  impaired 
insulating  and  mechanical  qualities.  In  addition  to  the 
use  of  treated  cambric  there  is  an  extensive  use  of  dry 
cloth  largely  in  the  form  of  tape  which  is  afterwards 
varnished  in  place  on  the  coil.  In  fact  a  really  superior 
coil  insulation  consists  of  a  cotton  taping  on  which  re- 
peated dipping  coats  of  varnish  are  applied,  baked  dry, 
of  course,  between  each  dip.  Successive  tapings  with 
following  varnish  dips  are  used  in  proportion  to  the 
service  voltage. 

Wood — Dry  wood  is  as  good  a  dielectric  as  air  and 
is  often  useful  for  supporting  structures  under  oil  or  in 
clean  dry  locations.  Damp  wood  is  worthless  for  insu- 
lating purposes.  The  whole  problem  in  the  use  of  wood 
is  to  keep  moisture  and  excessive  conducting  dirt  away 
from  it.  Thoroughly  dry  wood  soaked  with  trans- 
former oil  is  almost  equivalent  to  the  oil  itself  but  will 
accumulate  moisture  within  itself  or  on  its  surface  if 
the  oil  gets  wet.  Coating  wood  with  a  varnish  helps 
somewhat  to  keep  moisture  out  unless  the  atmosphere 
becomes  very  damp  and  a  thorough  impregnation  with 
linseed  oil  is  still  more  effective.  Such  impregnated 
wood  coated  with  a  smooth  varnish  can  be  used  out- 


doors for  strain  insulators  with  a  surface  creepage  dis- 
tance of  about  five  inches  per  kilovolt.  It  is  very  diffi- 
cult, however,  to  get  an  impregnating  compound  to 
penetrate  entirely  through  the  structure  of  wood  and 
there  are  always  liable  to  be  small  portions  unfilled. 

Of  course  wood  is  inflammable  and,  therefore,  is 
not  looked  on  with  favor  by  the  Underwriters.  In 
spite  of  its  faults,  however,  its  cheapness,  ease  of  work- 
ing, etc.  make  it  desirable  for  special  uses.  In  general, 
however,  the  use  of  wood  for  insulating  purposes  is 
decreasing  relative  to  other  types  of  material  and  is 
confined  more  to  apparatus  that  operates  submerged  in 
oil. 

Varnishes — It  was  discovered  long  ago  that  tlic 
various  varnishes  had  insulating  properties  and,  in  ad- 
dition, improved  the  resistance  of  other  insulating  ma- 
terials against  moisture,  that  foe  of  all  insulation.  In 
general,  varnishes  are  of  two  classes  with,  of  course, 
some  varieties  that  are  more  or  less  intermediate. 
First,  there  are  the  gums  or  waxes  which  go  into  solu- 
tion in  a  suitable  liquid  such  as  water,  turpentine,  al- 
cohol, benzine,  etc.  These  dissolved  gums,  when  spread 
out  as  a  varnish,  release  their  solvents  and  dry  as  a  thin 
film  on  the  surface  on  which  they  are  spread.  Second, 
there  are  the  oils  which  on  exposure  to  the  air  take  up 
oxygen  and  gradually  change  into  a  hard  tough  film. 

To  the  first  class  belong  the  various  waxes,  gums 
and  asphalts.  For  example,  gum  arabic  and  glue  take 
up  water  and  harden  by  the  loss  of  water.  Shellac 
dissolves  in  alcohol  and  hardens  by  its  evaporation. 
Some  other  organic  resins,  such  as  the  various  gums, 
pitches,  etc.,  dissolve  in  turpentine,  benzol  or  other  sol- 
vents.    The  list  in  this  class  is  long  and  varied. 

The  second  class  is  represented  typically  by  what 
are  known  as  drying  oils,  of  which  linseed  oil  and  tung 
oil,  more  commonly  known  as  "china  wood"  oil,  are  re- 
presentatives. These  oils  when  exposed  to  the  air  tend 
to  absorb  oxygen  and  congeal  into  a  hard  body  not 
easily  redissolved.  It  is  an  oil  of  this  kind  that  forms 
the  basis  of  most  paints  and  high  class  varnishes.  As 
a  matter  of  fact,  the  greater  part  of  the  oil  varnishes 
are  a  combination  having  some  material  such  as  copal, 
dammar  or  other  fossil  gum  treated  in  such  a  way  as 
to  dissolve  in  oil  and  a  diluting  solvent  such  as  turpen- 
tine or  benzine,  etc. 

In  drying  such  a  varnish,  the  solvent  passes  off 
first,  leaving  a  tacky  film  which  is  then  oxidized  to  a 
firm,  smooth,  horn-like  texture.  Varnishes  of  either 
type  are  unsuited  for  filling  the  interior  of  coils  or  for 
any  use  not  freely  accessible  to  the  air.  If  carrying  a 
solvent,  this  solvent  cannot  escape  and  will  boil  out 
when  the  device  is  heated.  In  the  case  of  varnish  from 
drying  oils,  it  is  difficult  for  varnish  in  the  interior  to 
obtain  sufficient  oxygen  to  harden  the  oils.  Any 
varnish  remaining  in  apparatus  in  a  plastic  or  fluid  state 
is  liable  to  flow  out  when  heated  and  become  a  serious 
nuisance.  As  a  medium  for  sealing  up  the  outside  of 
coil  windings  with  a  good  dielectric  coating,  however, 
the  high  grade  oil  baking  varnishes  are  excellent. 
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Certain  oil  varnishes  when  properly  baked  are  oil- 
proof  when  used  in  transformers.  The  same  may  be 
said  of  shellac  and  alcohol  but  not  of  materials  in  which 
benzine  or  similar  solvents  are  used  and  there  is  an 
absence  of  any  oxidizing  oil. 

In  general,  the  baking  varnishes  are  moisture-re- 
sistant, especially  if  applied  in  a  number  of  coats,  but 
cannot  be  said  to  be  really  waterproof.  In  other  words, 
a  very  thorough  coating  of  many  dips  of  a  high  grade 
baking  varnish  will  give  a  very  high  degree  of  moisture 
protection.  Such  treatment  is  suitable  for  marine  mo- 
tors. 

As  to  acid  and  alkali,  no  very  great  dependence 
should  be  placed  on  any  coil  varnishes  as  to  resistance 
to  active  chemicals.  Very  mildly  acid  conditions  may 
be  withstood  for  some  time  by  a  treatment  such  as 
above  referred  to  for  marine  motors.  In  general, 
strong  acids  and  even  weak  alkalies  have  a  very  deleteri- 
ous effect  on  organic  insulation.  The  asphalts  or  rub- 
ber stand  up  fairly  well,  but  it  is  always  much  prefer- 
able to  protect  windings  from  chemical  action  either  by 
totally  enclosing  the  apparatus  or  ventilating  it  with 
clean  air. 

Gums,  Asphalts,  Pitches,  Waxes,  etc. — This  class 
of  materials  is  legion  and  there  are  also  a  vast  number 
of  combinations  possible.  To  a  certain  degree  the 
above  names  are  interchangeable  but  not  entirely. 
Gums  are  commonly  of  vegetable  origin  and  are  either 
exudations  produced  naturally  or  artifically  from  trees, 
shrubs,  etc.,  or  are  extracted  by  a  destructive  distilla- 
tion. Shellac,  gutta-percha,  gum  arable,  crude  rubber, 
chicle,  etc.  are  examples.  The  so-called  fossil  gums 
were  natural  exudates  from  prehistoric  trees  and  have 
been  preserved  in  the  soil  for  long  periods.  Copal, 
dammar,  kauri,  etc.  are  examples  of  these.  These  fos- 
sil gums  or  resins  are  more  insoluble  and  refractory 
than  fresher  products  but,  when  brought  into  solution, 
are  a  component  part  of  high  class  varnishes. 

Asphalts  used  in  electrical  work  are  usually  the 
residual  material  from  certain  petroleums.  They  are 
black  and  oil  soluble.  They  can  be  had  of  various  de- 
grees of  hardness  and  melting  temperatures.  Some  are 
plastic  at  normal  temperature,  while  others  are  more 
rubberlike  in  character.  Others  may  be  natural  resi- 
dues and  are  mined  from  the  earth,  like  gilsonite,  and 
are  brittle  with  a  bright  fracture.  Various  combina- 
tions of  these  asphalts  to  give  proper  physical  and 
thermal  characteristics  are  used  in  two  ways,  i.e.  by 
impregnating  coils  with  the  melted  asphalt  or  by  ap- 
plying the  asphalt  to  the  outside  in  a  liquid  form  with  a 
suitable  solvent.  The  former  method  of  impregnating 
apparatus  not  subject  to  oil  with  an  asphalt  gum  is  now 
common  and  has  several  advantages.  The  asphalt  gum 
is  a  good  insulator,  it  is  a  better  conductor  ol  heat  than 
the  air  in  the  space  it  fills.  It  is  fairly  waterproof  and 
resists  chemicals  and  fumes.  Such  asphalts  are  used 
in  melted  form  to  fill  cavities  and  seal  them  against 
moisture. 

By  the  term  "pitch"  is  usually  meant  residues  from 


vegetable^,  oils  such  as  cottonseed  pitch,  wood  pitches, 
etc.,  but  coal  tar  residues  are  often  referred  to  as 
pitches.  They  are  used  as  ingredients  in  crude  var- 
nishes. One  of  the  chief  uses  of  pitches,  however,  is 
for  binder  purposes  in  molded  insulation  products. 

Waxes  are  either  of  vegetable  or  animal  origin,  but 
usually  the  former.  Paraffin,  ceresin,  ozite,  beeswax, 
carnauba  wax,  halowax,  etc.  are  examples.  In  general, 
they  are  oil  soluble  and  easily  melted.  They  are  used 
for  impregnating  purposes  in  such  things  as  condensers, 
ignition  coils  and  similar  articles  where  cost  is  not  a 
consideration  and  where  high  fluidity  in  the  melted  con- 
dition and  high  dielectric  strength  are  desired.  Beeswax 
and  rosin  melted  together  make  an  impregnating  ma- 
terial used  in  mica  condensers  and  as  a  sealing-  com- 
pound for  the  high  tension  winding  of  certain  types  of 
battery  ignition. 

In  general,  all  of  the  above  mentioned  gums, 
asphalts,  pitches  and  waxes  are  more  or  less  soluble  in 
transformer  oils  but  some  combinations  can  be  made 
that  are  practically  oilproof.  Such  combinations,  used 
principally  for  the  impregnation  of  small  transformers, 
usually  contain  linseed  oil  varnish  residues,  rosin  or 
coal  tar  materials.  As  all  are  hydrocarbons,  they  are 
inflammable.  There  is  one  exception,  the  halowaxes 
are  chlorinated  hydrocarbons  and  are  not  at  all  disposed 
to  bum. 

BakcUte,  Condensite,  Rednianol,  etc. — These  are 
the  so-called  condensation  products  and  are  synthetic 
resins  composed  of  phenol  and  formaldehyde.  It  is  a 
curious  fact  that  two  organic  materials,  as  poisonous 
and  violent  in  their  action  on  living  organisms,  can 
chemically  combine  into  a  harmless  varnish-like  liquid 
which  again  has  the  remarkable  quality  of  hardening 
under  heat  in  such  a  way  as  not  to  soften  again,  even 
though  heated  to  the  carbonizing  or  burning  tempera- 
ture. In  the  pure  form  these  materials  are  used  to 
form  substitutes  for  amber  in  pipe  stems,  jewelry,  etc. 
For  insulation  purposes,  the  clear  varnish  is  used  as 
an  impregnating  liquid  where  strength  and  heat-resist- 
ing qualities  are  desired.  For  example,  automobile 
starting  motors  treated  with  bakelite  do  not  need  bonds 
to  hold  the  coils  in  as  the  bakelite  is  amply  strong  for 
this  purpose.  The  insulation,  moreover,  is  waterproof 
for  such  low  voltages. 

The  u.se  of  this  synthetic  varnish  for  treating  paper 
or  cloth  which  is  to  be  bonded  together  into  a  board, 
tube  or  similar  form  is  one  of  the  applications  to  which 
it  is  particularly  suited.  Such  board  has  good  dielec- 
tric qualities  and  is  of  fine  appearance.  It  can  be  ma- 
chined, drilled  and  tapped,  and  takes  a  high  polish.  If 
desired,  the  material  can  be  formed  into  special  shapes 
and  then  bakelized  in  molds  to  keep  such  shape  per- 
manently. Such  a  product  has  been  made  in  sizes  from 
very  small  wiring  supports  up  to  Liberty  airplane  motor 
propellers. 

Combined  with  such  fillers  as  wood  flour  or  as- 
bestos, these  synthetic  resins  make  a  molding  mixture 
suited  to  a  varietv  of  uses.     The  wood  flour — conden- 
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site  or  bakelite  combination  for  example,  is  used  for  ig- 
nition distributor  heads  and  extensively  as  a  substitute 
for  hard  rubber.  The  three  trade  names, — Bakelite, 
Condensite  and  Redmanol — represent  essentially  the 
same  product  as  offered  by  three  different  companies. 

Rubber- — Rubber  while  coming  under  the  class  of 
vegetable  gums,  is  of  such  special  value  as  an  insulation 
and  possesses  such  qualities  as  to  warrant  detail  com- 
ment. Rubber  is  derived  from  a  latex  or  milky  juice 
derived  from  a  variety  of  tropical  trees  or  shrubs.  Its 
chief  geographical  sources  are  Brazil,  Africa,  Central 
America,  Java,  Borneo  and  various  other  East  Indian 
territories.  Rubber  is  a  hydrocarbon  of  probably 
several  different  molecular  structures  combined.  It  is 
very  inert  to  chemical  action  in  general  but  is  soluble  in 
certain  hydrocarbons  like  coal  tar  naphtha.  In  general 
it  takes  a  combination  of  two  solvents  to  dissolve  rub- 
ber properly.  Otherwise,  it  is  very  resistant  to  corro- 
sive materials  generally. 

Raw  rubber  is  unsuited  to  industrial  uses  because 
it  becomes  comparatively  brittle  when  cold  and  goes  to 
the  other  extreme  and  becomes  sticky  when  hot.  The 
great  discovery  was  made  years  ago  by  Goodyear,  and 
afterwards  by  Hancock,  that  sulphur  when  incorpor- 
ated with  rubber  would  correct  this  evil  and  make 
rubber  uniform  in  quality  over  a  wide  range  of  tem- 
perature. Ordinary  elastic  rubber  may  carry  3  to  7 
percent  of  sulphur.  Increasing  the  sulphur  to  12  per- 
cent renders  it  harder  but  yet  too  flexible  to  be  broken. 
At  20  percent  the  product  is  tough,  but  can  be  bent  ap- 
preciably before  breaking.  At  28  to  30  percent  the 
rubber  becomes  distinctly  "hard"  and  is  brittle  but 
takes  a  high  polish.  The  use  of  rubber  for  insulation 
is  chiefly  in  three  application.s — cable  insulation,  protec- 
tive and  insulating  bushings,  molded  hard  rubber 
parts,  particularly  of  telephone  and  wireless  signal  ap- 
paratus. 

As  wire  and  cable  insulation  rubber  has  a  special 
value  because  of  its  high  dielectric  strength  and  its 
flexibility.  Because  of  its  cost,  rubber  for  such  pur- 
poses is  usually  loaded  with  various  impurities  such  as 
litharge,  zinc  oxide,  etc.,  to  cheapen  the  coating  without 
too  much  reducing  the  flexibility  and  insulating  value. 
The  thickness  of  rubber  required  for  insulation  on 
wires  and  cables  varies  with  the  size  of  cable  and,  of 
course,  with  the  voltage.  Ordinarily,  about  3/64  to 
1/16  inch  is  used  for  600  volts.  At  higher  potentials 
such  as  6600  to  1 1  000  about  J4  inch  is  a  common 
thickness.  As  rubber,  like  most  vegetable  gums,  oxi- 
dizes in  contact  with  air,  it  is  bound  to  deteriorate  with 
age.  So  far  as  possible  its  surfaces  should  be  pro- 
tected from  the  air  and  light.  The  effect  of  air  and 
light  is,  as  in  the  case  of  other  gums,  to  make  rubber 
hard  and  brittle  and  therefore  worthless  for  electrical 
purposes. 

Rubber  for  such  work  as  cable  bushings  is  largely 
being  superseded  by  either  porcelain  or  the  various 
bakelite  or  shellac  molded  compositions.  The  objection 
above  referred  to  of  deterioration  with  age  's  the  most 


serious,  as  such  pieces  are  naturally  exposed  to  the  air 
and  generally,  if  of  soft  rubber,  will  not  last  as  long 
as  the  other  parts  of  the  apparatus. 

For  general  use  as  hard  rubber  there  is  no  material 
quite  its  equal  where  very  low  leakage  is  required.  The 
only  difficulty  is  the  release  of  sulphur  from  its  com- 
position by  exposure  to  light  and  air  with  resulting  sur- 
face leakage.  Rubber  has  a  specific  inductive  capacity 
of  about  2.5  but  this  is  increased  somewhat  b}'  high  sul- 
phur content  to  as  high  as  3.0. 

Oils — Vegetable  and  Animal — Except  for  varnish 
making,  there  is  no  great  use  made  of  vegetable  and 
animal  oils  for  insulation.  The  impregnation  of  wood 
by  boiling  in  linseed  oil  is  a  well  established  process  and 
gives  excellent  results  in  removing  and  excluding  water 
and  afterwards  holding  the  wood  to  definite  dimensions 
and  good  dielectric  strength.  It  is  possible  to  use 
some  of  the  vegetable  oils  for  dielectric  purposes  but  in 
general  such  oils  are  so  much  more  expensive  than 
mineral  or  petroleum  oils  that  their  use  is  not  war- 
ranted except  in  an  emergency. 

Mineral  or  Petroleum  Oil — The  use  of  a  petroleum 
oil  to  insulate  and  carry  away  the  heat  from  transform- 
ers began  about  20  years  ago.  As  insulation,  oil  is  ex- 
cellent when  dry.  The  presence  of  a  very  small 
amount  of  water  (2/100  of  one  percent)  will  reduce 
insulating  value  by  one-half  from  strictly  dry  oil. 
Dry  oil  should  have  a  breakdown  value  of  30  000  to 
40000  volts  for  a  150  mil  ball  gap.  A  100  mil  flat 
surface  one  inch  gap  diameter  standard  gap  should 
show  20  000  watts  or  above. 

Among  the  problems  connected  with  the  use  of 
oil  were  that  of  fire  risk  and  that  of  "sludging"  or  de- 
positing a  gummy  colloidal  sludge  on  coils.  The  fear 
of  fire  led  to  the  use  of  oils  of  high  flash  point  which, 
however,  are  more  viscous  and  have  a  greater  tendency 
to  deposit  a  sludge  and  thereby  prevent  the  carrying  off 
of  heat  from  the  copper.  It  has  been  found,  however, 
that  the  relative  flash  points  of  various  oils  in  trans- 
formers make  very  little  difference  as  to  fire  risk. 
Even  the  most  volatile  transformer  oil  does  not  ap- 
proach the  production  of  explosive  or  inflammable 
vapor  in  the  air  above  the  oil.  The  flash  point  only 
becomes  of  consideration  in  case  the  oil  becomes  spilled 
on  a  warm  surface  with  flame  present,  then  a  low  flash 
oil  will  take  fire  and  burn  more  rapidly  than  one  of 
considerably  higher  flash. 

For  circuit  breaker  insulation,  the  requirements  as 
to  sludging  and  heat  transference  do  not  hold  while 
there  is  distinct  danger  of  oil  being  splashed  in  the  pres- 
ence of  flame.  A  high  flash  oil  should  be  used  in  cir- 
cuit breakers  and,  if  a  non-inflammable  oil  should  be 
developed,  it  should  be  used  even  at  a  cost  of  ten  times 
that  of  ordinary  oil.  The  specific  inducti\^e  capacity 
of  petroleum  oil  is  between  2.0  and  2.25  and  its  thermal 
capacity  per  pound,  or  specific  heat,  is  about  half  that 
of  water.  It  takes  one  kw-min.  to  raise  10  gallons  one 
degree  C. 
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IT  IS  well  known  that  when  a  voltage  is  applied  to 
most  insulating  materials,  there  is  at  first  a  flow  of 
electricity  which  is  large  compared  to  the  value  of 
the  current  when  it  has  reached  a  steady  state.  A  part 
of  the  initial  current  is  due  to  instantaneous  condensive 
charge  and  a  part  to  absorption  and  to  conduction. 
The  current  due  to  absorption  decays  almost  ex- 
ponentially with  time  and  the  length  of  time  required 
to  reach  a  small  part  of  its  original  value  depends  up- 
on the  nature  of  the  dielectric  under  test.  The  value  of 
the  current  after  it  has  reached  a  steady  state  is  due  to 


Hard  Rubber 


Brjss  Guard 

Cylinders 

Br3£s  Cylinders 


Mica  Washers 
Cylinders 


To  Battery     E 


FIG.   1 — ^TEST  CUP 

For    determining   the    characteristics    of    liquid    dielectrics 
in  a  vacuum  at  high  temperatures. 

ordinary  conduction.  The  separation  of  these  compon- 
ent parts  of  the  current  is  attended  by  considerable 
difficulties. 

The  instantaneous  condensive  charge  prevents  the 
study  of  the  absorption  current  during  the  first  few 
seconds  due  to  the  slow  response  of  sensitive  direct-cur- 
rent measuring  instruments.  Consequently  only  that 
part  of  the  absorption  current  subsequent  to  the  first 
few  seconds  following  the  application  of  the  voltage, 
has  been  studied.  The  value  of  the  current  after  a 
steady  state  is  reached  serves  to  determine,  according 
to  Ohm's  law,  what  is  ordinarily  called  the  direct-cur- 


rent resistance.  It  should  be  understood  in  this  con- 
nection that  insulation  resistance  defined  strictly  by 
Ohm's  law,  is  an  uncertain  term,  since  it  varies  with 
applied  voltage,  increasing  with  voltage  for  some  ma- 
terials, and  for  others  decreasing  with  voltage. 

For  liquid  dielectrics,  duplicate  measurements  are 
very  difficult  to  make.  With  clean  electrodes  the  con- 
ductivity is  smaller  than  with  those  that  have  been  con- 
taminated by  use.  Foreign  material  deposited  upon  the 
electrodes  increases  the  apparent  conductivity  of  sub- 
sequent samples.  Hence  the  electrodes  should  be  care- 
fully cleaned  for  each  sample.  The  procedure  which 
has  proven  satisfactory  is  to  dip  the  electrodes  in  ben- 
zine, followed  by  a  thorough  polishing  with  a  linen 
cloth,  then  rinsing  with  ether.  After  rinsing  with  the 
liquid  to  be  tested  the  electrodes  are  ready  for  use.  To 
repeat  results  on  any  liquid  dielectric,  great  care  also 
has  to  be  observed  in  taking  the  sample.  Results  will 
be  different,  depending  upon  whether  the  liquid  has 
been    shaken   up   before   removal    from   the    stock   or 
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FIG.  2 — TEST  CONNECTIONS 


whether  it  has  been  allowed  to  stand  for  some  time. 
Also  the  conductivity  will  be  different  if  the  sample  has 
stood  for  some  time  in  the  test  cup  before  measurement 
rather  than  having  been  measured  immediately  after 
sampling.  Repeated  testing  of  the  same  sample  also 
lowers  its  conductivity.  The  conductivity  is  affected 
quite  markedly  by  changes  in  temperature  so  that  this 
has  to  be  taken  into  consideration.  Exposure  to  light 
also  increases  the  conductivity.  If  all  these  precautions 
are  taken,  an  accuracy  of  five  percent  can  be  made  in 
conductivity  measurements  for  most  liquid  dielectrics. 
Some  liquid  dielectrics  have  such  extremely  small 
conductivity  when  tested  by  direct-current  that  a  very 
sensitive  instrument  has  to  be  used  to  measure  the  cur- 
rent, unless  the  sample  container  is  extremely  large. 
The  sample  container  or  test  cup  should  be  of  .such 
form  that  all  the  liquid  dielectric  is  subjected  to  the 
same  electrostatic  stress.  This  condition  is  best  satis- 
fied by  a  cylindrical  test  cup  of  two  coaxial  cylinders, 
the  inner  one  being  provided  with  guard  rings.  Pre- 
liminary measurements  were  made  with  a  test  cup  of 
this  type,  whose  inner  and  outer  cylinders  were  4  and 
4.5  inches  in  diameter  respectively,  the  active  part  of 
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the  inner  cylinder  being  3.25  inches  long.  A  galvano 
meter  of  i  X  10-"  amperes  sensitivity  was  used  to 
measure  the  current.  This  arrangement  was  not  suffi- 
ciently sensitive  for  all  cases  encountered  and  conse- 
quently the  more  sensitive  electrometer  method  was 
used.  By  this  method  with  a  subdivided  mica  con- 
denser and  an  air  condenser  of  small  capacity  measure- 
ments could  be  made  over  a  range  from  i  X  ^O"*  ^o 
I  X  lo-^'*  amperes  with  sufficient  accuracy.  This 
method  permitted  the  use  of  a  smaller  test-cup  which 
could  be  easily  enclosed  for  vacuum  treatment  of  the 
materials  under  test. 


THE  TEST  CUP 


It  seemed  desirable  to  design  a  test  cup  which 
would  meet  the  following  requirements: — (i)  Suita- 
bility for  enclosure  in  a  vacuum;  (2) — Proper  insula- 
tion to  stand  moderately  high  temperatures;   (3) — Ar- 
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thus  prevent  the  flow  of  liquid  through  any  part  that 
could  not  be  made  perfectly  tight  a  hole  is  bored 
through  /  and  its  stem,  communicating  by  a  side  open- 
ing to  the  space  outside  some  distance  above  the  ]u|uid. 
The  mica  insulation  will  stand  the  high  temperature 
without  deterioration.  The  guard  rings,  c  aiid  d,  are 
connected  together  and  to  ground.  This  form  of  cup 
subjects  the  whole  of  the  sample  to  the  same  electric 
stress  and  gives  a  symmetrical  field  between  a  and  b. 

ELECTRICAL  CONNECTIONS  FOR  THE  ELECTUOM  l.TER 
MIITHOD 

The  electrometer  used  is  the  Compton  type,  having 
a  sensitivity  of  900  millimeters  per  volt,  or.  a  scale  one 
meter  distant.  The  electrical  connections  are  shown  in 
Fig.  2.  The  capacity  C  is  a  subdivided  standard  mica 
condenser  with  divisions,  O.oi  to  0.5  microfarads.  For 
very  small  currents  this  condensci  is  replaced  by  an  air 
condenser  of  known  capacity.  The  battery  B,  is  made 
up  of  small  dry  cells  of  the  flasu  Hght  variety,  each  unit 
consisting  of  three  cells  in  series.     For  high  potential 


FIG.   3 — CURRENT   UliCAY  CURVES  OF  LIQUID  DIELECTRICS 

rangement  such  that  all  the  liquid  is  subject  to  the  same 
electrostatic  stress;  and  (4) — Facility  of  disassembly 
for  cleaning.  Such  a  test  cup  is  shown  in  Fig.  i  in  the 
glass  vessel,  A,  suported  by  the  rod,  C,  the  upper  part 
of  which  is  tapered  to  fit  the  hard  rubber  stopper  fitting 
into  the  ground  joint  in  B.  A  spiral  tungsten  wire  E, 
sealed  into  the  bottom  of  the  vessel,  makes  connection 
from  the  ba'tery  to  the  outer  c  Tinder  of  the  cup.  The 
.essel  can  be  exhausted  througft  the  tube  F. 

The  test  cup  consists  essentially  of  the  two  coaxial 
brass  cylinders,  a,  of  3.54  cm  inside  diameter  and  b,  of 
2.5.;  en  (.:  ■  ■  'e  diameter  and  2.54  cm  length  with  the 
fuaid  ;  ir.g.-  ;  ,  d.  The  cylinder  ^,  is  fitted  to  f  by  a 
ta|>-red   .';i',i:  nt    wliich   is   readily   separated    for 

.  leaning  .lie  ^^u  e-.  The  parts  b,  c,  d,  and  e  are  in- 
sulated troni  eacti  other  by  mica  washers  as  shown. 
The  suppcjrting  part,  /,  is  fitted  to  &  by  a  tapered  thread. 
T'l  equalize  the  pressure  inside  and  outside  of  b  and 
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FIG.  4 — EFFECT  OF  VOLTAGE  ON  CONDUCTIVITY  OF  LIQUID  DIELECTRICS 

insulation  the  paper  wrappers  were  removed  from  these 
units  and  the  whole  was  given  an  insulating  coat  by 
immersion  in  melted  paraffin.  A  sufficient  number  of 
these  units  were  assembled  in  boxes  with  suitable  con- 
nections to  give  potentials  up  to  1500  volts.  One 
terminal  of  this  battery  is  connected  to  the  outer 
cylinder  of  the  test  cup  and  the  other  is  grounded.  The 
key,  K,  connects  the  two  pairs  of  quadrants  and  brings 
them  to  the  same  potential,  one  pair  being  permanently 
connected  to  ground.  When  a  current  measurement  is 
to  be  made,  the  key  is  opened,  upon  which  the  condenser 
C  and  the  insulated  pair  of  quadrants  receive  a  charge 
by  leakage  through  the  specimen,  which  raises  then,  in 
a  given  time,  to  a  potential  which  is  indicated  by  the 
deflection  of  the  electrometer.  The  current  is  then 
given  by  the  equation, 

where  C  =  the  capacity, 

V  =  the  potential  as  indicated  by  the  electrometer,  and 
t   =  the  time  to  raise  the  potential  from  O  to  V. 


i3(^ 
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With  a  given  potential  applied  to  the  needle  the  cali- 
bration of  the  electrometer  is  eiTected  by  applying  a 
known  potential  between  pairs  of  quadrants  and  observ- 
ing the  deflection.  The  capacity,  C,  includes  the  ca- 
pacity of  the  condenser  and  that  of  the  system,  which  is 
ordinarily  so  small  in  comparison  to  the  capacity  of  the 
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FIG.   5 — DFXAY  CURVES   OK  LECTROSEAL  OIL  AT  8oO  VOLTS 

condenser  that  it  may  be  neglected.  To  protect  the  sys- 
tem from  electrostatic  disturbances,  the  test  cup  and 
condenser  are  placed  inside  a  metallic  lined  box  which 
is  connected  to  earth.  The  wire  connection  to  the  elec- 
trometer is  shielded  by  a  brass  tube  connected  to 
ground. 

The  question  naturally  arises  as  to  whether  the  na- 
ture of  the  material  of  the  electrodes  aflfects  the  con- 
ductivity. To  test  this  point,  electrodes  of  brass,  cop- 
per, nickel,  silver,  and  gold  were  used.  No  difference 
greater  than  the  experimental  error  could  be  observed. 
Many  samples  of  the  same  kinds  of  oils  have  been  in- 
vestigated, which  differ  widely  in  conductivity.     While 
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FIG.   6 — SATURATION    CURVES   OK   I.ECTROSEAL   Oil, 

I — Electrode  di.stance  5.0  millimeters. 
2 — Electrode  distance  4.0  millimeters. 
3 — Electrode  distance  2.9  millimeters. 

all  of  the  same  kind  of  liquid  dielectrics  have  the  same 
general  properties  it  is  practically  impossible  to  dupli- 
cate values  of  conductivity  on  different  samples  until 
more  is  known  about  the  molecular  structure  and  the 
kind  and  amount  of  impurities  present. 


DECAY   CURVES  FOR  LIQUID  DIELECTRICS 

As  previously  stated,  when  a  voltage  is  applied  to  a 
dielectric,  the  initial  current  is  greater  than  that  corre- 
sponding to  Ohm's  law,  and  this  initial  current  rapidly 
decreases  to  a  steady  value.  The  decay  curves  for 
several  liquid  dielectrics  are  shown  in  Fig.  3.  Lectro- 
seal  transformer  oil  and  white  oil  of  paraffin  have 
marked   absorption.      Liquid   petrolatuin   likewise   has 
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FIG.  7 — SATURATION  CURVES  OF  BENZINE 

I — Electrode  distance  5.0  millimeters. 
2 — Electrode  distance  4.0  millimeters. 
3 — Electrode  distance  2.9  millimeters. 

marked  absorption,  the  initial  conductivity  being  more 
than  ten  times  the  final  conductivity  though  this  does 
not  show  in  the  curve  because  of  its  very  low  conduc- 
tivity. When  the  potential  is  removed  and  the  elec- 
trodes grounded  the  samples  always  show  a  reverse  cur- 
rent of  polarization  due  to  absorption,  which  also  de- 
cays with  time.  The  curves  given  here  can  be  repeated 
using  a  fresh  sample  and  observing  all  precautions  as  to 
cleaning  the  test  cup.  The  conductivity  is  always  lower 
on  successive  tests  of  the  same  sample,  probable  due 
to  the  removal  of  impurities  by  the  electric  field. 
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FIG.    8 — SATURATION    CURVES    KOR    CASTOR    Oil. 

I— Electrode  distance  5.0  millimeters. 
2 — Electrode  distance  4.0  millimeters. 
3 — -Electrode  distance  2.9  millimeters. 

VARIATION  OF  CURRENT   WITH   VOLTAGE 

When  the  voltage  on  a  specimen  of  some  liquid  di- 
electric is  increased,  there  is  a  change  in  the  current 
which  is  not  always  proportional  to  the  voltage  for  all 
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voltages  as  lequiied  by  Ohm's  law.  For  smaller  \olt- 
ages  the  increase  in  current  with  voltage  approximates 
Ohm's  law  but  for  higher  voltages,  for  some  liquids 
there  is  a  falling  off  of  the  rate  of  increase  until  a  volt- 
age is  finally  reached  where  the  current  is  practically 
independent  of  voltage  over  a  considerable  range  until 
breakdown  voltages  are  approached.  This  phenomenon 
is  similar  to  the  saturation  current  in  ionized  gases. 
For  the  initial  voltage,  longer  time  is  required  for  the 
current  to  reach  a  steady  state  than  for  subsequent 
voltages.  A  voltage  is  finally  reached  when  the  current 
almost  at  once  reaches  a  steady  state  corresponding  to 
no  increase  in  current  with  voltage. 

In  Fig.  4  the  saturation  effect  is  very  clearly  shown 
for  Lectroseal  and  High  Flash  transformer  oils.  For 
benzine  the  current  increases  slightly  more  rapidly  with 
increasing  voltage  than  would  be  expected  from  Ohm's 
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law,  which  agrees  with  the  facts  found  for  some  solid 
commercial  insulating  materials.  Xylene  shows  a  small 
saturation  effect  for  the  lower  voltages  but  the  current- 
voltage  curve  is  practically  linear  above  400  volts. 
Castor  oil  shows  complete  absence  of  the  saturation 
effect,  at  least  up  to  800  volts. 

VARIATION  OF  CURRENT  WITH   DISTANCE  BETWEEN 
ELECTRODES 

Those  substances  showing  a  saturation  current 
should,  if  the  analogy  with  gases  holds,  show  a  larger 
value  of  the  saturation  current  for  the  greater  distance 
between  the  electrodes.  To  prove  this,  the  electrode 
distance  was  decreased  by  fitting  concentric  cylinders 
closely  into  the  outside  cylinder  of  the  test  cup.  In  this 
manner  the  conductivity  was  determined  for  electrode 
distances  of  5.0,  4.0  and  2.9  mm.  Fig.  5  shows  the  decav 
curves  for  Lectro.seal  oil  which  Fig.  6  shows  the  satura- 
tion currents  for  the  different  electrode  distances.     The 


analog}  with  ionized  gases  holds  for  this  sani[)le,  as 
was  to  be  expected.  For  the  lower  voltages  before 
saturation  is  reached  the  current  varies  inversely  with 
electrode  distance,  but  after  saturation  is  reached,  the 
greater  the  electrode  distance  the  greater  the  current. 

Castor  oil  and  benzine,  as  seen  in  Fig.  4,  do  not 
show  saturation  effect.  It  is  likewise  the  case  for  these 
samples  that  the  greater  the  electrode  distance  the 
smaller  the  current.  Vox  these  samples  whose  current- 
voltage  curves  are  sht)wn  in  Pigs.  7  and  8,  the  resistivity 
as  calculated  by  Ohm's  law  practically  checks  for  the 
three  electrode  distances  o\'er  the  range  of  voltage  "m- 
ployed. 

niFFKT'LTIES  ENCOUNTICRED  IN   CONDUCTIVITY 
MEASUREMENTS 

As  an  illustration  of  the  difficulties  encountercil  in 
measurements  in  conductivity  of  liquid  dielectrics,  the 
series  of  current  voltage  curves  for  Lectroseal  are  given 
in  Fig.  9.     Curve  /  is  for  fresh  oil  tested  in  a  cup  which 
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FIG.    10 ACTION  OF  LIGHT  ON   LECTROSEAL  OIL 

has  been  carefully  cleaned.  Curves  2,  j,  4  and  5  are  for 
samples  of  the  same  oil  tested  in  succession  in  the  same 
cup  which  had  not  been  cleaned  after  curve  i  was  ob- 
tained. These  show  a  progressive  increase  in  conduc- 
tivity due,  no  doubt,  to  a  settling  out  under  the  influence 
of  the  electric  field  of  impurities  such  as  dust  particles 
and  minute  drops  of  water,  the  greater  change  being 
for  the  first  repetition.  After  the  sample  used  in  curve 
5  had  stood  in  the  test  cup  for  34  hours  the  current-volt- 
age curve  was  again  taken.  This  is  shown  in  curve  6. 
During  this  time  the  settling  out  of  the  impurities  from 
the  oil  had  more  than  counteracted  the  effect  of  their 
collection  on  the  electrodes.  The  cup  was  again  cleaned 
and  a  new  sample  of  the  same  oil  gave  the  current  volt- 
age curve  la,  which  practically  duplicated  the  original 
curve  /,  obtained  under  like  conditions. 

If  samples  of  the  same  oil  are  taken  out  in  separate 
containers  and  are  allowed  to  stand  for  a  time,  accurate 
duplication  can  not  always  be  obtained.  Four  glass 
stoppered  bottles  were  carefully  cleaned  and  dried  in  an 
oven  and  filled  with  oil,  thoroughly  mixed  from  the 
same  container,  and  set  aside  under  like  conditions  for 
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a  few  weeks,  after  which  they  were  tested  with  the  fol- 
lowing relative  values  for  the  standard  test  cup. 

Sample  / — 2.50  X  10- "  amperes. 

Sample  2 — 5.78  X  10-"  amperes. 

Sample  3 — ^2.45  X  10- "  amperes. 

Sample  4—5.15  X  10-"  amperes. 

There  is  a  wide  difference  in  these  values,  while 
successive  tests  of  the  oil  from  the  original  container 
could  be  made  with  an  error  of  about  five  percent. 
This  phenomenon  is  probably  due  to  some  action  of  the 
glass  bottles  whose  chemical  constitution  was  not  the 
same  for  all. 


The  exposure  of  samples  to  light  also  greatly 
changes  the  conductivity.  Two  samples  were  prepared, 
one  of  which  was  placed  on  a  table  in  the  room,  while 
the  other  was  placed  in  a  dark  cupboard.  The  decay 
curves  in  Fig.  10  shows  that  the  action  of  the  light  has 
caused  considerable  deterioration  of  the  insulating 
properties  of  the  oil.  Similar  difficulties  are  also  en- 
countered in  other  dielectric  measurements.  Some  pre- 
liminary work  on  breakdown  strength  of  oil  shows  that 
many  of  the  same  phenomena  are  present  in  such  de- 
terminations. 
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WHEN  an  alternating  Hux  passes  through  an 
iron  circuit,  losses  are  set  up  in  the  iron. 
These  losses  can  be  divided  into  two  com- 
ponents, hysteresis  loss  and  eddy  current  loss. 

To  change  the  flux  through  an  iron  circuit  slowly 
from  a  certain  density  in  one  direction  to  the  same 
density  in  the  opposite  direction,  and  back  again  to  the 
original  condition  requires  a  certain  amount  of  energy. 
This  energ)'  is  lost  in  the  iron  and  is  known  as  hystere- 
sis loss.  The  hysteresis  loss  in  an  iron  body  of  volume 
V  carrying  an  alternating  flux  of  frequency  /  and 
maximum  density  B  is  usually  given  as  K^  V  f  i?'.®.  It 
is  independent  of  whether  the  material  is  laminated  or 
not.  K^  is  a  constant  varying  with  the  quality  of 
iron  used  and  the  units  used  for  V,  B,  and  loss. 

If  any  material  that  is  an  electrical  conductor  has 
an  alternating  flux  passing  through  it,  voltages  are 
produced  in  the  material  itself  that  cause  currents  to 
flow.  The  PR  of  these  currents  forms  the  eddy  cur- 
rent loss.  When  B  =  maximum  flux  density,  V  = 
volume  of  material,  /  =r  frequency,  K^  =  constant 
varying  with  material  and  units,  and  L  ^=  thickness  of 
laminations  (when  laminated),  the  eddy  current  loss  is 
usually  given  as  K..  V  f  L^  B^.  This  is  when  each 
lamination  is  perfectly  insulated  from  all  others. 
This  loss  depends,  not  on  the  magnetic  properties  of  the 
material,  but  on  the  electrical  conductivity.  Different 
qualities  of  iron  vary  in  this  respect.  Also  it  is  seen 
that  the  thicker  the  laminations,  the  greater  is  the  loss. 
The  armature  of  the  motor  or  the  generator  has  such 
an  alternating  flux  and  consequently  such  losses. 

These  losses  affect  the  heating,  rating  and  efficiency 
of  a  motor.  If  the  iron  loss  is  decreased,  a  smaller 
motor  may  be  used  for  a  certain  output  at  a  certain 
temperature.  Also,  since  the  losses  are  less,  the  effi- 
ciency is  higher.  The  iron  loss  is  practically  constant 
from  no  load  to  full  load  and  so  forms  a  constant  loss 
to  the  motor  user  at  all  times  the  motor  is  running.  A 
constant  loss  affects  the  efficiency  at  fractional  loads 
much  more  than  at  full  load. 

Laminating  the  iron  has  no  effect  on  the  hysteresis 
loss.  Changing  the  quality  of  iron  used  is  the  only  way 
of  reducing  this  loss.     It  is  possible,  however,  to  reduce 


'eddy  current  loss  by  reducing  the  thickness  of  lamina- 
tions, by  insulating  laminations  more  perfectly  and  by 
using  iron  with  a  higher  resistance  to  the  flow  of  cur- 
rent. Since  the  eddy  current  loss  is  equal  to  K^  V  f* 
L^  B^,  if  K^  and  B  are  constant  the  eddy  current  loss 
increases  as  the  square  of  the  frequency.  To  keep  the 
eddy  current  loss  constant  the  thickness  of  laminations 
should  be  inversely  proportional  to  the  frequency.  Be- 
cause of  these  effects  thinner  laminations  are  used  for 
machines  having  a  high  frequency  of  flux  in  the  iron 
than  are  used  for  those  having  a  low  or  moderate  fre- 
quency. Theoretically  it  would  seem  that  the  eddy  cur- 
rent loss  could  be  reduced  indefinitely  by  reducing  the 
thickness  of  laminations.  Experience  has  shown  this 
to  be  impractical  past  a  certain  point.  If  the  lamina- 
tion becomes  too  thin  the  punching  tends  to  be  drawn 
out  of  shape  when  the  punching  is  large,  and  the  burr 
at  the  edge  of  the  punching  becomes  large  as  compared 
to  the  thickness  of  lamination.  This  results  in  an 
armature  core  that  is  not  mechanically  good  and  that 
again  has  a  high  eddy  current  loss  due  to  the  insula- 
tion between  laminations  being  pierced  by  the  burr. 

In  the  case  of  field  poles,  the  flux  does  not  alter- 
nate but  increases  and  decreases.  The  part  of  the  pole 
face  just  over  an  armature  tooth  will  have  a  higher  flux 
density  than  that  over  a  slot.  This  gives  the  same  ef- 
fect as  an  alternating  flux  but  in  a  modified  degree.  In 
the  early  days  of  the  electrical  industry  the  importance 
of  these  losses  and  their  causes  was  not  well  understood 
and  armature  cores  and  poles  of  unlaminated  iron  were 
used.  Present  practice  is  to  laminate  both  armature 
core  and  poles,  but  with  the  armature  having  the 
thinner  laminations.  The  steel  used  for  the  laminated 
parts  of  the  motor  is  received  at  the  factory  from  the 
mill  in  the  form  of  large  sheets,  and  already  annea)ed. 
The  annealing  affects  the  constant  K^  and  K^,  and  the 
factory  tests  all  shipments  of  such  steel  to  see  that  they 
have  the  right  properties. 

The  first  operation,  in  the  case  of  punchings  for 
industrial  motors,  is  to  enamel  the  large  sheets  of 
steel.  The  sheet  is  run  between  two  rolls  that  are 
kept  covered  with  liquid  enamel.  This  places  a  coaling 
of  liquid  enamel  on  each  side  of  the  sheet.     From  the 
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rolls  the  sheet  goes  on  to  an  endless  chain  which 
carries  it  through  an  oven.  While  passing  through  this 
oven  the  enamel  is  thoroughly  baked  on.  This  opera- 
tion then  gives  large  sheets  of  steel  with  insulating 
enamel  smoothly  and  thoroughly  baked  on  both  sides. 
After  enameling,  the  sheets  are  sent  to  the  shears, 
where  they  are  cut  into  long  strips,  squares  or  whatever 
form  desirable  before  punching.  From  the  shears  the 
material  is  sent  to  the  punch  press.  Here  it  is  punched 
by  one  or  more  operations  into  the  final  shape  of  lam- 
ination wanted.  If  the  die  is  made  to  punch  the  entire 
lamination  in  its  final  state  from  the  plain  sheet  in  one 
movement  of  the  press,  it  is  called  a  compound  die. 
This  would  complete  all  punching  on  that  lamination. 
Other  type  dies  are  sometimes  used.  A  very  ordinary 
type  of  die  punches  only  part  of  the  lamination,  next  a 
second  die  punches  another  part  and  it  may  require  in 
sequence  the  use  of  a  third  or  fourth  die  to  complete  the 
lamination.  For  example,  in  punching  the  lamination 
for  the  stator  of  some  small  induction  motors  the  first 
die  used  punches  the  slots  and  the  outside  edge  of  the 
lamination.  The  second  die  used  punches  out  the  in- 
side of  the  lamination.  A  third  class  of  die  which  is 
used  for  punching  slots,  is  the  index  die.  In  using  this 
die  the  material  is  rotated  and  one  slot  after  another  is 
punched  with  the  same  die. 

With  regard  to  the  different  dies,  the  one  selected 
depends  on  the  type  of  punching  desired  and  the  num- 
ber. If  a  great  number  are  wanted  the  compound  die 
is  used.  If  a  small  number,  the  index  die  is  used  to 
punch  the  slots  and  other  dies  punch  the  hole  for  the 
shaft,  or  any  other  punching  needed.  The  compound 
die  is  comparatively  expensive  to  make  and  cheap  to 
use,  while  the  index  die  is  cheaper  to  make  and  the  cost 
of  labor  while  using  is  higher. 

In  any  punching  operation  the  edge  punched  is  al- 
ways roughened  slightly  on  one  side  forming  a  minute 
burr.  This  burr  is  objectionable  in  that  it  has  a  tendency 
to  cut  through  the  enamel  on  the  adjacent  lamination, 
thus  forming  an  electrical  contact  and  increasing  eddy 
current  loss.  This  burr  gradually  increases  in  size  as 
the  die  wears.  It  is  kept  small  by  good  care  of  the 
dies  and  by  not  using  them  too  long.  Before  the  burr 
becomes  bad  the  die  is  changed.  In  this  way  the  maxi- 
mum size  of  the  burr  is  limited.  The  effect  of  what 
little  burr  is  permitted  is  largely  overcome  by  assemb- 
ling the  laminations  in  the  order  of  their  punching  and 
with  the  burr  on  all  laminations  pointing  in  the  same  di- 
rection. In  this  way  the  burr  on  two  adjacent  lamina- 
tions is  always  of  about  the  same  size  and  overlaps; 
hence  it  does  not  make  a  good  electrical  connection. 

Some  small  punchings  are  bumped  after  leaving 
the  punch  press.  They  are  usually  punchings  for  frac- 
tional horse-power  motors.  When  a  punching  is 
bumped  it  is  put  in  a  press  between  two  flat  surfaces 
and  pressure  is  applied  between  the  two  surfaces.  This 
pressure  is  not  high  and  is  not  for  the  purpose  of  flat- 


tening burrs  but  is  to  make  the  punchings  absolutely 
flat  so  that  they  will  assemble  well. 

The  rotor  of  a  motor  may  be  assembled  on  the 
shaft  with  which  it  is  to  be  used,  or  may  be  assembled 
on  a  duplicate  shaft  and  then  riveted  to  hold  it  to- 
gether, or  may  be  assembled  on  a  spider.  The  second 
method  is  the  most  common  in  the  assembly  of  indus- 
trial motors.  In  assembling  the  first  step  is  to  "count" 
the  laminations  used  so  as  to  get  the  number  to  make 
the  proper  size  of  core.  This  is  sometimes  done  by 
actually  counting  the  laminations,  sometimes  they  are 
weighed  to  get  the  right  number  and  sometimes  they 
are  assembled  so  as  to  get  a  certain  size  core  before 
tightening  up,  as  measured  by  a  scale.  The  different 
methods  make  no  difference.  The  aim  in  each  is  to  use 
such  a  number  of  laminations  that,  when  tightened  up, 
the  dimensions  of  the  core  will  be  correct.  Having 
"counted"  the  punchings,  the  assembler  takes  them  in 
the  order  brought  to  him,  which  is  the  order  of  punch- 
ing, and  feels  each  punching  to  make  sure  that  the  burr 
is  on  the  same  side  on  all  of  them.  Next  he  puts  them 
on  the  shaft,  duplicate  shaft  or  spider,  as  the  case  may 
be.  They  are  lined  up  properly  by  means  of  the  key- 
way  and  by  having  a  wedge  shaped  piece  of  metal  ex- 
tend up  and  down  the  slot  space.  Each  new  punching 
put  on  the  shaft  must  have  its  keyway  fit  over  the  key  of 
the  shaft  and  have  a  slot  fit  over  the  piece  of  metal. 
This  lines  up  both  slots  and  keyway.  Heavier  end 
plates  are  put  on  both  sides  of  the  core.  The  first  one 
is  put  on  the  shaft  before  any  of  the  punchings  are  put 
on,  and  the  last  after  all  punchings  are  on. 

In  the  case  of  the  core  assembled  on  the  shaft  with 
which  it  is  to  be  used,  the  core  is  next  compressed  and 
either  pressed  on  a  knurled  shaft,  in  which  case  the 
press  fit  holds  the  laminations,  or  is  put  on  a  shaft  hav- 
ing a  shoulder  turned  on  it  and  then  a  ring  is  so  shrunk 
on  the  shaft  as  to  hold  the  laminations  solidly  between 
the  shoulder  and  the  ring.  The  duplicate  shaft  used 
for  assembling  is  threaded  at  the  top.  A  nut  is  put  on 
and  tightened  down  on  the  end  plates  thus  compressing 
this  type  core.  While  still  compressed  long  rivets  are 
passed  through  holes  in  the  core  and  end  plates  and  are 
then  riveted  down  so  as  to  hold  the  core  together.  The 
nut  is  then  taken  off  and  the  duplicate  shaft  removed. 
In  the  case  of  a  core  assembled  on  a  spider,  the  core  is 
compressed  and  keys  are  driven  in  slots  in  the  spider 
in  such  a  way  as  to  keep  the  core  from  expanding. 
The  keys  hold  the  end  plate  in  place  on  the  spider,  thus 
preventing  the  core  from  loosening  up.  The  slots  are 
filed  to  remove  the  edges  of  any  laminations  that  do  not 
line  up  properly.  This  is  to  prevent  the  laminations 
from  cutting  the  coil  insulation.  The  final  operations 
on  the  armature  are  pressing  in  the  shaft,  winding, 
connecting,  painting,  and  assembling  in  the  stator.  The 
punching  and  assembling  of  the  poles  of  direct-current 
motors  is  very  similar  to  the  procedure  just  given  for 
the  armatures. 
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THERE  i.s  an  increasing  number  of  central  stations 
operating  with  grounded  neutral  as  an  additional 
safeguard  against  difficulties  due  to  abnormally 
high  voltages  resulting  from  line  disturbances.  The  ob- 
jections to  the  grounded  neutral  system  have  been  that, 
with  the  neutral  grounded,  if  another  ground  occurs  on 
the  system  conditions  equivalent  to  a  short-circuit  re- 
sult, making  the  system  inoperative,  and  that  the  result- 
ant ground  current  causes  objectionable  telephone  dis- 
turbances. With  the  neutral  ungrounded,  the  system 
can  still  be  operated  when  only  a  single  ground  occurs. 
Operating  in  this  condition,  however,  disarranges  the 
electrostatic  balance  also  causes  telephone  disturbances 
and,  in  addition,  the  voltage  to  ground  of  the  other  two 
phases  will  be  increased  approximately  Ji  percent.  If 
the  ground  is  an  intermittent  one,  high  frequency  oscil- 
lations will  be  set 
up,  since  the  react- 
ance and  the  ca- 
pacity will  be  in 
series  with  each 
other,  and  may  re- 
sult in  considerable 
telephone  interfer- 
ence, generation  of 
high  voltage  in  the 
line  itself  and  in- 
ductive disturbance 
in  parallel  power 
lines.  Therefore,  while  there  is  the  possible  advantage 
of  being  able  to  operate  a  line  with  a  single  ground 
when  the  neutral  is  free,  it  must  also  be  recognized  that 
there  are  greater  hazards  to  the  system  from  insulation 
breakdowns  that  may  result  in  much  more  serious  in- 
terruptions to  service. 

High  voltages  are  set  up  in  a  transmission  line 
whenever  there  is  an  abrupt  change  in  current  or  volt- 
age with  resulting  change  in  energy  conditions.  Elec- 
tric energy  can  be  stored  in  a  circuit  having  capacity, 
as  in  a  cable  system  or  transmission  line,  or  can  be 
stored  in  the  magnetic  field  surrounding  the  conductor. 
High  potential  always  has  its  source  in  the  inductance 
of  the  circuit  and  will  never  be  set  up  by  capacity 
alone.  Capacity,  however,  is  instrumental  in  the  gen- 
eration of  high  voltage,  since  energy  stored  in  the  ca- 
pacity may  be  discharged  through  the  inductance.  A 
circuit  containing  both  inductance  and  capacity  is 
much  more  susceptible  to  high  voltage  disturbance  be- 
cause the  natural  frequency  of  such  a  circuit  may  be 
much  higher  than  the  normal  frequency  and  conse- 
quently the  voltage   set  up   in   the   inductance   will   be 


-C.\P.\CITY     EFFECT 
PHASE  LINE 


higher  because  of  the  high  rate  of  change  of  the  cur- 
rent. Also  such  a  circuit  will  set  up  high  voltages  in- 
ductively in  neighboring  circuits. 

Changes  in  energy  conditions  in  a  transmission 
system  occur  at  times  of  switching,  short-circuits, 
grounds  and  lightning  discharges.  When  a  circuit  is 
closed,  energy  is  stored  in  the  magnetic  field  with  in- 
creasing current  and  in  the  dielectric  field  with  increas- 
ing voltage  and  when  the  circuit  is  opened  this  energy 
must  be  dissipated  when  the  current  and  voltage  de- 
crease. A  familiar  example  of  switching  is  the  open- 
ing of  a  field  on  a  generator  or  motor.  Energy  is 
stored  in  the  field  equal  to  o.^  LP,  where  L  represents 
the  inductance  and  /  the  current.  When  the  circuit  is 
opened,  the  current  begins  to  fall  and  the  change  in 
energy  in  the  short  time  dt  equals  Lidt.  This  change  in 
energy  is  expended  in  loss  in  the  copper  and  arc  and  is 
equal  to  cidt.  The  equation  can,  therefore  be  written, — 
Li  di  =  (?  i  dt, 

or,  e  =  L-^ 

—    represents  the  rate  of  change  of  the 
It  is  evident,  then,  that  the  faster  the  cur- 


Where 
current. 


-EFFECT    OF     GROUNDS 


FIG.     3 — GENER.\TOR    CONNEC- 
TIONS 

rent  changes  the  greater  the  voltage  c  will  be.  This 
example  is  somewhat  analagous  to  that  of  a  moving 
body  being  brought  to  rest.  Here  the  stored  energy  is 
equal  to  0.5  MV-  and,  if  the  body  is  brought  to  rest  by 
a  force  acting  through  a  space,  the  shorter  the  distance 
is  made  the  greater  the  force  must  be.  In  a  similar 
way,  if  the  energy  conditions  in  an  electric  circuit  are 
suddenly  changed  high  voltages  are  likely  to  arise. 

In  general,  switching  causes  harmful  disturbances 
only  when  the  circuit  is  not  positively  closed  or  opened 
or  when  all  phases  are  not  closed  at  the  same  time.  If 
an  arc  is  formed  at  the  time  of  switching  and  then  goes 
out  and  forms  again  so  that  the  circuit  is  opened  or 
closed  not  once  but  a  number  of  times  in  quick  suc- 
cession, a  whole  train  of  energy  changes  results  which, 
because  of  their  high  frequency,  set  up  high  voltages  at 
points  of  inductance.  If  all  three  phases  do  not  close 
at  the  same  time,  a  disturbance  is  set  up  due  to  change 
in  the  charging  conditions  of  the  line.  With  the  general 
use  of  oil  switches,  disturbances  from  switching  are  re- 
duced because,  with  an  oil  switch,  the  arc  usually  does 
not  reform  when  the  current  goes  through  zero,  due 
to  the  action  of  the  oil  and  thus  all  three  phases  are 
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opened  or  closed  together.  Grounding  the  neutral  of 
the  system  will  prove  beneficial  in  case  of  improper  ac- 
tion of  the  circuit  breaker,  because  the  voltage  of  the 
neutral  will  be  definitely  fixed  at  ground  potential  and 
therefore  any  voltage  surge  will  be  limited  to  a  definite 
value  above  ground  voltage. 

The  second  source  of  disturbance,  a  single-phase 
or  polyphase,  short-circuit,  will  produce  high  voltages 
because  there  is  a  sudden  change  of  energy  with  the 
abrupt  change  of  current.  There  is  not  only  the  change 
in  load  current,  but  also  a  change  in  charging  current 
which  may  produce  oscillations  of  high  frequency  and 
so  cause  breakdown.  Here  again,  the  advantage  in 
having  the  neutral  grounded  is  in  holding  the  neutral 
at  ground  potential. 

In  both  cases,  if  the  system  is  fed  through  step-up 
transformers,  the  neutral  can  be  grounded  on  the  high- 
voltage  side  of  the  transformers.  If  the  generator 
feeds  directly  to  the  line  the  neutral  should  be  grounded. 

Grounds  on  the  system  seem  to  be  the  most 
common  source  of  disturbance.  Capacity  effect  in  a 
transmission  line,  whether  a  cable  or  aerial  system,  with- 
out neutral  grounded  can  be  illustrated  in  a  diagramatic 
way  as  in  Fig.  i  where  OA,  OB  and  OC  represent  the 

three  line  voltages, 
the  condensers 
1-2-^  represent  the 
capacity  effect  be- 
tween lines  and 
condensers  4-5-6 
the  capacity  effect 
between  lines  and 
ground.  If  a  ground  occurs  on  a  phase  B,  the  con- 
denser 5  is  discharged  and  at  the  same  time  the  voltage 
to  ground  on  phase  A  &  C  is  raised  ]/J~  times.  Con- 
sequently the  charging  current  on  lines  A  and  C  is  in- 
creased and  on  line  B  is  decreased  to  zero.  The  fact 
that  the  rate  of  change  of  charging  current  is  so  rapid 
explains  the  high  voltage  which  may  occur  at  points  of 
inductance. 

Two  types  of  phenomena  now  arise,  depending 
upon  whether  the  accidental  ground  holds  on  or  whether 
it  is  interrupted  and  then  strikes  again.  In  the  first 
case,  conditions  become  settled  in  a  short  time  and  the 
only  effect  is  telephone  disturbance  due  to  unbalanced 
charging  current.  In  the  second  case,  a  whole  train  of 
disturbances  is  set  up  every  time  the  ground  strikes  and 
these  oscillations,  being  superimposed  one  on  another, 
may  result  in  very  high  voltages. 

A  ground  on  a  cable  in  a  system  consisting  partly 
of  overhead  and  partly  of  underground  lines  is  likely  to 
be  very  harmful  if  the  neutral  is  not  grounded.  The 
conditions  existing  in  such  a  circuit  can  be  represented 
as  in  Fig.  2  where  L  is  the  inductance  of  the  line  and 
generator,  C  the  capacity  of  the  cable  to  ground  and  G 
is  the  ground.  When  a  ground  occurs,  as  at  X,  the 
energy  stored  in  the  capacity  of  the  cable  to  ground  is 
dissipated  through  the  arc  and,  as  the  energy  is  dis- 
charged, the  current  falls,  the  arc  goes  out  and  the  ca- 


CONNECTION    OF    DIFFERENTIAL    RE- 
L.AYS 


pacity  of  the  cable  is  again  charged  and  the  cycle  re- 
peated. The  frequency  of  these  oscillations  is  deter- 
mined by  the  relation  of  inductance  and  capacity  and  is 

/ 
expressed  as  /  =  ^-.     This  frequencymay  be  many 

times  that  of  the  normal  frequency  of  the  circuit  and 
the  result  is  very  high  voltages  at  points  of  reactance, 
such  as  the  end  turns  of  transformers  or  generators. 
This  high  rate  of  change  of  current  will  induce  high 
voltages  in  the  other  phases  in  the  cable  and  break  them 
down  to  ground  and  result  in  a  short-circuit.  If  the 
neutral  of  the  system  is  grounded,  however,  the  cur- 
rent which  will  flow  through  the  accidental  ground  will 
be  a  dynamic  one  and  of  sufficient  volume  to  make  the 
ground  permanent.  There  will  not  be  a  train  of  oscilla- 
tions set  up  and  the  circuit  breakers  will  usually  be 
tripped  out  before  a  short-circuit  between  phases  occur. 


D   C    Cnniiol  Bu' 


/-^-^  SwUchtoJti 


r:  ^^ 


% 


Amp  ^-.-^ 
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FIG.   S — DIFFERENTIAL  RELAY  AND  AUXILIARY  CONNECTIONS 

Grounding  the  neutral  will  not  protect  the  gener- 
ator against  damage  from  lightning  because  a  lightning 
disturbance  is  of  such  high  frequency  and  steep  wave 
front  that  the  end  windings  will  break  down  to  ground 
before  relief  can  be  obtained. 

METHOD  OF  GROUNDING  THE   NEUTRAL 

The  generator  may  be  connected  directly  to  the 
line  or  through  step-up  transformers.  In  the  latter 
case,  if  the  neutral  of  the  transfonner  is  grounded,  the 
generator  will  be  sufficiently  protected  against  line  dis- 
turbances, but  it  is  desirable  to  ground  the  generator 
neutral  also  to  protect  the  machine  against  grounds 
within  the  machine  or  in  the  leads  between  the  machine 
and  the  transformers.  The  usual  arrangement  for  this 
case  is  shown  in  Fig.  3  where  G  is  the  generator  5  a 
non-automatic  oil  switch,  B  a  bus  and  T  the  step-up 
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FIC     6 — RELAY     PROTECTION     FOR    A     HIGH 
SISTANCE  NEUTRAL  GROUND 


transformers.  The  wiring  between  the  switch  and  the 
bus  and  transformers  is  generally  short  and  can  be  sub- 
stanially  installed  so  that  there  is  little  chance  of 
grounds  and  no  protection  is  therefore  needed. 

The  Merz-Price  system  is  a  differential  scheme  of 

protection  used  to  protect  a  generator  from  grounds 

in  itself  or  the  leads  connecting  it  to  the  bus,  and  for 

this  all  six  leads  (both  ends  of  each  phase)  are  brought 

-.,■,.,. _,_    out  as  in  Fig.  4. 

three  neutral 
leads,  a  series 
transformer  i  s 
connected  and 
the  neutralleads 
are  then  con- 
nected to  ground 
through  a  resistance.  At  the  ends  of  the  leads  near  the 
switch,  three  other  transformers  are  put  in  and  the 
secondary  of  each  is  connected  in  series  with  secondary 
of  the  series  transformer  in  the  neutral  of  the  same 
phase.  The  relay  is  placed  across  the  secondary  leads. 
If  a  ground  develops  in  the  winding  or  leads,  there  will 
be  unequal  currents  in  the  two  secondaries  of  a  phase 
and  the  difference  in  current  will  flow  through  the  relay 
and  trip  the  circuit  breaker. 

A  more  detailed  sketch  of  such  an  arrangement  is 
shown  in  Fig.  5  which  provides  for  cutting  off  steam 
from  the  turbine,  opening  the  main  line  circuit  breaker 
and  opening  the  field.  The  resistance  can  be  ma:! 
high,  thus  limiting  the  current  which  can  flow  K^  a 
ground  and  so  reducing  very  considerably  tb(  dan-ig;.- 
that  can  be  done.  In  case  of  a  ground  in  the  e'.i'-''  'tor 
winding,  for  instance,  it  would  be  quite  possi'i,  ♦  .  get 
the  machine  off  the  line  without  any  dam.;.gL'  1.0:1;  fire 
outside  the  grounded  coil.  Without  the  neutral 
grounded,  a  single  ground  might  not  be  noticed  but,  with 
the  development  of  a  second  ground,  the  entire  winding 
might  be  destroyed  and  possibly  part  of  the  iron. 
Therefore,  grounding  the  neutral  in  conjuction  with  the 
differential  method  of  protection  will  mean  a  big  saving 
in  time  and  expense  of  making  repairs  in  case  of  a 
ground.     When  the  generator  is  connected  directly  to 

the  line,  without 
first  going 
through  trans- 
formers, two 
cases  arise  in 
methods  of 
grounding  the 
neutral,  depend- 
ant upon  wheth- 
er the  grounded 
neutral  is  to  be 
applied  on  a  system  already  in  operation  or  on  a  new 
system.  The  difference  in  application  in  these  two 
cases  is  in  the  amount  of  resistance  used  in  the  neutral 
and  the  means  taken  to  open  the  circuit  breakers. 

With  a  grounded  neutral,  a  ground  on  the  system 


FIG.      7 — METHOD      OF      GROUNDING 
GENERATOR 


is  a  short-circuit,  so  that  resistance  is  put  in  the  neutral 
to  limit  the  current  which  can  flow  at  the  time  of  a 
ground.  On  a  system  already  installed  and  where  it 
is  not  desirable  to  change  the  existing  relay  system, 
sufficient  resistance  is  put  in  the  neutral  to  limit  the 
current,  in  case  of  a  ground,  to  approximately  twice 
the  current  rating  of  the  heaviest  feeder.  This  will 
give  sufficient  current  to  operate  overload  relays  and 


FIG.     8 — DIFFERENTIAL     RELA1  FIG   9 — EFFECT   OF  GROUND  ON 

CONNECTIONS      FOR      A      DELTA  AUTOTRANSFORMERS 

GENERATOR 

Still  not  give  a  current  so  large  as  to  cause  overload 
on  the  circuit  breakers,  distortion  of  machine  wind- 
ings, movement  of  feeders,  or  too  great  an  arc  at  the 
point  of  the  ground.  Also,  if  the  current  is  kept  within 
reasonable  limits,  too  great  voltage  drop  will  be  pre- 
vented and  synchronous  apparatus  is  not  so  likely  to 
fall  out  of  stej).  Usually  such  a  system  has  only  two 
relays  A  and  C,  Fig.  6,  to  protect  against  overload  and 
therefore,  when  the  neutral  is  grounded,  it  is  necessary 
to  add  ihe  relay  B  to  protect  the  third  phase. 

On  a  r.ew  system  or  one  where  a  change  in  relay 
equipment  may  be  made,  much  higher  resistance  can  be 
used  in  the  neutral  by  using  a  relay  scheme  as  in  Fig.  6. 
'.ines  /,  //  and  ///  are  three  lines  of  a  three-phase  sys- 
tem. Relays  A  and  B  are  two  overload  relays  to  open 
the  circuit  breaker  in  case  of  overload  and  relay  D  in 
the  neutral  is  to  open  the  circuit  breaker  in  case  of 
ground  on  one  of  the  feeders. 

If  a  ground  occurs  on  line  /  at  X,  the  sum  of  the 
currents  in  the  series  transformers  //  and  ///  will  no 
longer  equal  the  current  in  line  /  and  the  difference  in 
current  will  flow  through  the  neutral  relay  C  and  trip 
the  circuit  breaker.  The  value  of  this  ground  current 
can  be  made  relatively  low  by  inserting  high  resistance 
in  the  generator  or  step-up  transformer  neutral,  which- 
ever the  case  may  be.  Such  an  arrangement  will  elim- 
inate the  possibility  of  damage  from  heavy  short-cir- 
cuits. The  only  limit  in  the  magnitude  of  the  neutral 
resistance  is  that  this  resistance 
must  permit  the  draining  of  the 
static  current  from  the  the  line. 

The  difference  then  in  the  two 
methods  of  grounding  is  that  the 
first  makes  use  of  the  ordinary  fig.  to— parallel  op- 
overload  relay  for  opening  the  cir-  ei^tion 
cuit  breaker  in  case  of  a  ground,  while  the  second  sep- 
arates the  action  of  overload  and  ground  on  different 
relays  and  can  therefore  rely  on  a  much  smaller  ground 
current  for  opening  the  circuit  breaker. 

In  cases  where  a  neutral  cannot  be  obtained,  such 
as  in  delta  connected  generators  or  transformers,  use 
can  be  made  of  zig-zag  transformers  connection  as  in 
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Fig.  7.  The  Merz-Price  syslein  can  be  applied  to  a 
delta-connected  machine  by  bringing  out  all  six  leads  as 
in  a  star-connected  machine,  connecting  a  series  trans- 
former on  each  end  of  the  phase  and  then  making  the 
delta  connection  as  in  Fig.  8.  The  system  of  course 
must  be  grounded  by  using  some  such  scheme  as  the 
zig-zag  transformer.  A  neutral  ground  can  also  be  ob- 
tained with  three  potential  transformers  and  connecting 
their  high  voltage  sides  in  star  and  grounding  the  star 
point.  The  secondaries  are  connected  in  delta  across 
one  corner  of  which  is  placed  the  relay.  When  a 
ground  occurs,  the  current  in  the  three  phases  is  no 
longer  balanced  and  current  flows  in  the  delta  second- 
ary, through  the  relay  and  taps  the  circuit  breaker. 

To  specify  the  resistance  required  in  the  neutral, 
it  is  necessary  to  know  the  characteristics  of  the  sys- 
tem. Where  the  overload  relays  are  to  be  used  to  open 
the  circuit  breakers  in  case  of  a  ground,  the  ground  re- 


sistance   should    equal, 


J-      The    carrying 


capacity  of  the  resistance  should  be  such  as  to  carry 
the  ground  current  from  30  to  60  secondaries.  This 
resistance  in  most  cases  has  a  value  between  2  and  5 
ohms,  depending  upon  the  size  of  the  system.  In  those 
cases  where  special  means  are  used  to  take  care  of 
grounds  and  which  do  not  make  use  of  the  overload  re- 
lay, the  resistance  in  the  neutral  may  be  made  quite 
high,  in  the  neighborhood  of  100  ohms. 

If  the  system  is  grounded  through  autotrans- 
formers,  it  is  necessary  to  have  the  neutral  solidly 
grounded  without  any  resistance.  If,  as  shown  in  Fig. 
9,  an  II  000  volt  machine  is  connected  to  a  22000  line 


through  autotransformers  and  the  neutral  is  grounded 
through  a  resistance,  the  voltage  of  the  neutral  will  be 
raised  to  approximately  12  700  volts  when  a  ground  oc- 
curs on  the  22  000  volt  system.  This  would  raise  the 
terminals  of  the  1 1  000  volt  system  to  16  500  volts  above 
ground  instead  of  6350  volts  and  subject  the  apparatus 
to  unnecessary  voltage  strain. 

Where  several  generators  are  operating  in  paral- 
lel as  shown  in  Fig.  10,  only  one  machine  should  be 
grounded  at  a  time.  This  can  be  done  by  connecting 
the  ground  resistance  to  a  bus  and  then  connecting  one 
machine  to  the  bus  through  a  disconnecting  switch.  If 
all  the  neutrals  are  joined  to  a  common  bus,  large  cir- 
culating currents  are  likely  to  occur  due  to  tlie  differ- 
ence in  wave  form  of  the  dilTerent  generators. 

Grounding  the  neutral  will  not  eliminate  all  the 
troubles  arising  from  line  disturbances,  but  will  act  as 
additional  insurance  against  breakdown.  The  experi- 
ence of  operators  who  have  been  using  the  grounded 
neutral  would  indicate  a  very  considerable  benefit  from 
its  use,  although  it  is  not  always  possible  to  furnish  de- 
finite figures  to  prove  this. 

It  is  not  necessary  to  ground  small  low-voltage  sys- 
tems, as  the  amount  of  stored  energy  is  relatively  small 
and  the  possibility  of  voltage  disturbance  remote.  For 
instance,  a  small  industrial  plant  operating  at  any  volt- 
age up  to  2400  volts  would  not  require  a  grounded 
neutral.  Systems  operating  at  over  4000  volts  and  us- 
ing generating  units  of  5000  k.v.a.  and  over  should  be 
considered  as  instances  where  grounding  the  neutral 
will  be  beneficial. 


Heavy  Alternating-Current  Conductors 

K.  C.  Randall 


That  the  inner  portion  of  a  solid  conductor  is  of  little  use 
with  alternating  currents,  especially  at  higher  frequencies,  is 
common  knowledge.  That  a  subdivision  of  the  conductors  as 
approximated  in  ordinary  stranded  cable  offers  somewhat  better 
conditions,  especially  if  the  individual  strands  are  in  poor  con- 
tact one  with  another,  is  also  generally  understood.  Some 
special  construction  whereby  all  the  elements  of  the  total  con- 
ductor are  caused  to  average  the  same  position  throughout  the 
total  length  and  also  all  have  the  same  resistance,  would  afford 
a  quite  perfect  theoretical  solution  and  bring  the  alternating- 
current  conductor  to  practically  the  same  basis  as  obtained  with 


direct  current.  In  practice,  no  such  construction  is  attained, 
and  generally  this  fact  offers  no  serious  disadvantage. 

In  very  heavy  alternating-current  work,  particularly  as 
found  around  electric  furnaces,  where  several  thousand  amperes 
at  perhaps  60  cycles  have  to  be  carried  for  some  distance,  the 
problem  of  current  distribution  throughout  the  conductor  is  one 
of  the  principal  factors  in  determining  the  total  conductor 
design,  and  may  even  vitally  concern  the  construction  of  the 
supply  transformers  and  the  furnace  itself. 

Fig.  I  shows  how  the  alternating  current  distributes  itself 


in  an  ordinary  circular  conductor  and  Fig  2  is  for  the  usual 
heavy  bus  arrangement.  From  both  of  these  figures  it  is  ap- 
parent that  the  inner  portion  of  conducting  material  is  of  com- 
paratively small  value,  and  that  the  outer  portion  carries  by 
far  the  greater  current  density.  Fig.  3  illustrates  the  current 
distribution  in  adjacent  conductors  due  to  the  influence  of  one 
upon  the  other,  and  here  again — as  in  the  single  conductor — the 
current  density  throughout  the  conductors  is  not  uniform  and, 
therefore,  the  material  is  not  used  to  a  maximum  advantage. 
A  method  is  proposed  for  largely  overcoming  this  difficulty  and 
causing  a  more  uniform  current  distribution  to  obtain  through- 
out the  parallel  alternating-current  conductors : — 

To  take  care  of  the  defects  with  the  individual  conductor, 
a  tubular  construction  is  used,  i.  e.,  the  center  of  the  conductor, 
which  is  of  relatively  little  value,  is  eliminated.  The  surface 
of  this  tubular  conduc- 
tor is  subdivided,  so  that 
its  several  elements  may 
be  caused  to  average  the 
same  relative  position 
with  regard  to  the  adja- 
cent   parallel    conductor 

that    influences    the    cur-  pj^.    , 

rent  distribution  in  it. 

This  will  be  accomplished  by  using  a  considerable  number 
of  relatively  small  cables  insulated  from  each  other  and  dis- 
tributed uniformly  over  the  periphery  of  an  imaginery  tube 
throughout  the  length  of  the  run,  at  each  end  of  which  they 
are  fastened  to  circular  terminals.  The  conductor  runs  should 
be  given  a  twist  of  360  degrees,  or  some  multiple  of  360  degrees, 
so  that  each  individual  cable  will  average  the  same  position  and 
have  the  same  resistance  as  each  other  cable  element.  In  this 
way  there  will  be  no  choice  in  the  paths  for  the  current,  or  in 
other  words,  the  impedance  of  each  path  will  be  the  same  and 
therefore  a  uniform  current  distribution  will  result. 


CalciduiljSjj  ^S]]i)r.UC]rcMit  CiiiTDinits  in  Network 

Testing  with  Miniature  Networks 


W.  R.  Woodward 


IN  THESE  days  of  extensive  and  interconnected 
power  systems  it  is  increasingly  important  and  dif- 
ficult to  estimate  the  effect  of  short-circuits  at 
various  locations  in  the  system.  Such  information  is 
essential,  however,  to  insure  the  proper  functioning  of 
circuit  breakers  and  relays,  and  failure  to  properly 
analyze  the  effects  of  short-circuits  at  various  points  on 
the  system  may  lead  to  serious  breakdown. 

In  general,  calculations  for  determining  short-cir- 
cuit currents  are  fairly  simple.  There  are  cases,  hew- 
ever,  especially  where  several  power  houses  or  syn- 
chronnu'5  '^nbstation'^  are  connected  to  a  svteni,  where 


FIG.    I — TEST  BO.^RD  .>iKT  rl>  KOU   SOI.VINC.   A    I'KOEI.F.M 

calculations  are  very  lengthy  and  in  a  few  cases  piac- 
lically  impossible.  For  this  reason  some  approximate 
method  of  obtaining  current  values  is  very  desirable 
from  the  standj)f)int  of  economy  in  both  expense  and 
time. 

A  flexible  adjustable  net  work  on  a  small  scale  can 
be  used  to  advantage.  For  exact  work  this  would  nec- 
essarily include  resistance,  reactance  and  capacity  units, 
but  if  this  were  done  it  would  be  extremely  complicated 
and  expensive.  A  net  work  involving  only  resistance 
which  may  be  substituted  for  impedance  or  reactance, 
while  it  will  not  give  exact  results,  is  adequate  for 
most  cases  and  allowance  can  be  made  in  most  any  prob- 
lem where  such  a  device  is  necessary,  for  the  errors  that 
are  introduced  by  the  neglect  of  the  other  elements. 


In  general,  synchronous  machines,  transformers 
and  aerial  lines  have  similar  impedance  characteristics; 
that  is,  the  reactance  value  is  large  with  respect  to  the 
resistance  value.  If  these  impedances  have  exactly  the 
same  characteristics,  it  is  obvious  that  if  resistance  be 
substituted  for  impedance  and  direct-current  voltage 
applied,  the  current  flowing  will  be  exactly  proportioned 
to  the  symmetrical  alternating  current  which  would  flow 
in  the  case  of  short-circuit.  If  these  characteristics  are 
not  the  same,  some  error  is  introduced.  In  most  power 
systems,  the  worst  case  of  error  is  where  underground, 
three-conductor  cables  are  used,  in  which  case  the  re- 
actance value  is  low  in  proportion  to  the  resistance 
value.  The  net  work,  however,  can  usually  be  checked 
([uickly  to  determine  whether  an  incorrect  impedance  in 
these  lines  would  merely  change  the  total  current,  or 
would  change  the  distribution  of  the  current  in  the  net 
work.  In  the  latter  case  it  might  lead  to  considerable 
error,  but  in  general  the  effect  of  the  cable  impedance 
is  rather  small  in  those  short-circuit  conditions  which 
are  the  determining  factors  in  apparatus  application. 

For  calculation  of  regulation  a  device  using  resist- 
ance only  can  seldom  be  applied  without  more  resultant 
error  than  can  be  allowed.  For  regulation  problems  it 
1^  usually  necessary  to  get  results  within  a  small  limit  of 
error,  whereas  greater  limits  are  permissible  in  estimat- 
ing short-circuit  values  of  currents.  Also  in  the  case 
of  transmission  lines  the  value  of  capacity  must  be  con- 
sidered in  figuring  regulation  as  it  has  a  marked  effect 
on  regulation  but  a  much  less  effect  on  short-circuit 
currents,  as  when  a  short-circuit  occurs,  the  voltage  be- 
tween wires  or  from  wires  to  ground  is  much  reduced. 

A  calculating  equipment  of  this  nature  recently  de- 
veloped is  illustrated  in  Figs,  i,  2  and  3.  This  equip- 
ment contains  30  adjustable  resistors  mounted  on  a 
panel  of  three  frames,  with  10  units  per  frame.  Each 
resistor  of  1 100  ohms  is  made  in  two  parts,  each  con- 
nected to  an  II  point  dial.  The  main  dial  gives  resist- 
ance values  of  50-100-200-300  etc.,  to  1000  ohms,  and  is 
connected  in  series  with  an  auxiliary  dial  which  is  ad- 
justable from  o  to  100  ohms  in  steps  of  10.  By  the  use 
of  these  two  dials  any  resistance  from  30  to  iioo  ohms 
can  be  obtained  in  steps  of  10. 

Each  of  the  three  panels  of  ten  units  were  made 
duplicates  for  simplicity  of  manufacture.  The  units 
are  mounted  in  two  horizontal  rows  of  five  units  each. 
A  bus  bar  is  provided  at  the  top  and  bottom  of  the  top 
row,  and  at  the  top  only  of  the  bottom  row.  Each  re- 
sistor ends  at  a  terminal  block  which  may  be  connected 
to  the  bus  by  means  of  a  taper  plug.  Several  tapered 
holes  are  also  provided  in  each  terminal  and  bus-bar 
for  the  insertion  of  jtimper  plugs.     Each  bus-bar  is 
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divided  into  two  [)arts  which  nia}-  be  connected  by  a 
taper  plug  and  two  adjacent  bus-bars  may  also  be  con- 
nected by  the  insertion  of  a  plug.  One  section  of  the 
top  bar  is  permanently  connected  to  the  positive  gen- 
erator lead  and  the  negative  lead  of  the  generator  is 
connected  to  the  negative  bus,  which  for  convenience  is 
placed  at  one  side  and  extends  from  the  top  to  the  bot- 
tom of  the  board. 

Power  for  this  outfit  is  supplied  from  a  500  watt, 
120  volt  motor-generator  set  arranged  so  as  to  obtain 
50,  100  or  120  volts  at  any  current  up  to  five  amperes. 
A  low  reading  ammeter  is  arranged  with  flexible  leads 
so  that  it  may  be  readily  connected  in  series  with  any 


FIGS.   2  AMI  _^—  FRONT  AND  REAR  VIEWS  OF  RESISTOR  PANEL 

resistor.  For  this  purpose  the  lower  terminal  of  each 
resistor  is  split  into  two  parts  connected  by  a  taper  plug 
around  which  the  ammeter  may  be  shunted.  Owing  to 
the  high  resistances  used,  the  contact  resistance  and  am- 
meter resistance  are  negligible.  The  complete  panel  is 
mounted  in  a  wooden  cabinet  for  protection,  the  small 
motor-generator  set  and  field  resistance  boxes  being 
mounted  under  the  instrument  table. 

In  the  application  of  this  outfit  to  a  net  work  prob- 
lem, it  is  necessary  first  to  reduce  the  impedance  of 
every  circuit  to  ohms.  For  three-phase  systems  this 
impedance   should  be   the   equivalent   impedance   from 


line  to  neutral.  For  convenience  this  value  in  ohms  is 
multiplied  by  some  factor  M  to  obtain  values  in  the 
range  of  50  to  iioo.  The  circuit  is  then  set  up  and 
the  dials  adjusted  to  their  proper  value.  By  applying 
direct-current  voltage  and  measuring  the  current  in  the 
various  branches  a  value  proportional  to  the  alternat- 
ing-current is  obtained.  This  value,  multiplied  by  a 
factor  K,  gives  the  value  of  symmetrical  alternating 
current,  where 

A.C.  zvlls  to  neutral  X  /'/. 
'^  "  D.C.  volts  " 

To  obtain  the  symmetrical  current  values  at  various 
time  delays  after  short-circuit  occurs,  it  is  necessary  to 
apply  time  decrement  curves.  These  curves*  are 
usually  plotted  for  various  values  of  total  reactance  ex- 
pressed in  percent.  The  proper  reactance  value  to  use 
is  determined  as  follows: — 

Let  /  equal  the  full-load  current  of  the  synchron- 
ous machines  contributing  to  the  short-circuit,  and  P 
the    short    circuit    current    as    obtained    above.     Then 


Q      O      O      0      O 
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FIG.    4 — TYPE    OF    NETWORK    FOR    WHICH    REPEATED    SOLUTIONS    ARE 
LIKELY 

/  -;-/'  X  100  equals  the  percent  reactance  of  an  equi- 
valent generator  producing  the  short-circuit  current  /'. 
Using  the  curve  plotted  for  this  value  of  reactance,  the 
current  flowing  may  be  obtained  from  the  curve  for 
any  time  delay  desired. 

In  Fig.  4  is  illustrated  the  kind  of  case  in  which 
this  equipment  is  very  useful.  In  this  problem  the  cur- 
rent in  all  branches,  as  well  as  the  total  short-circuit 
current,  were  desired  with  short-circuits  at  points  X,  Y, 
and  Z.  An  engineer,  after  spending  about  a  day,  ob- 
tained by  calculation  one  value  of  total  short-circuif 
current.  After  that  it  was  deemed  desirable  to  have  the 
circuit  "set  up"  using  resistances  and  obtain  values  of 
currents  in  all  branches.  With  this  equipment  the 
same  results  were  obtained  in  a  few  hours  covering  all 
of  the  necessary  work  of  set  up  and  checking. 


*See  article  on  "Design  and  Selection  of  Oil  Circuit 
Breakers"  by  J.  N.  Mahoney  in  the  Journal  for  Sept.  1918, 
p.  387;  also  paper  by  Messers  Hewlett,  Mahoney  and  Burnham 
Proc.  A.  I.  E.  E.  February  1918. 


Analytical  Solutions 

RonERT  D.  Evans 


THE  KNOWLEDGE  of  the  methods  of  solving 
a  network  of  power  circuits  is  a  matter  of  great 
interest  to  the  electrical  engineer,  as  the  solu- 
tion of  the  network  determines  the  maximum  ruptur- 
ing capacities  demanded  of  circuit  breakers,and  also 
determines  maximum  stresses  that  may  be  imposed  upon 


generators,  transformers  and  reactors.  In  addition  tor 
obtaining  the  solution  of  the  network  under  the  condi- 
tion of  short-circuit,  it  is  frequently  necessary  accur- 
ately to  predetermine  the  performance  of  the  network 
under  some  particular  load  condition,  so  as  to  obtain 
regulation,  division  of  current,  transmission  efficiency 
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and  selective  operation  of  relays. 

A  solution  of  the  network  can  be  obtained  either 
by  calculation  or  by  experiment  on  a  miniature  net- 
work. The  latter  method  affords  a  convenient  solu- 
tion of  those  networks  in  which  the  impedances  of  all 
the  branches  are  of  the  same  power-factor.     In  this 

-.L     J,,  I 


case  tlie  miniature  network  is  composed  solely  of  re- 
sistance branches,  and  the  resulting  testing  table  is  com- 
pact, inexpensive  and  easy  to  build.  Such  testing  tables 
are  very  convenient  for  the  solution  of  direct-current 
net-works,  and  for  the  detemiination  of  short-circuit 
currents  on  alternating-current  networks,  where  the  re- 
sistance is  negligible  compared  to  the  reactance.  With 
netwrorks  in  which  the  impedances  are  not  of  the  same 
power-factor,  w^hich  is  usually  the  case  w^ith  alternating- 
current  systems,  the  testing  table  becomes  quite  involved 
because  of  the  complication  required  to  represent  both 
resistance  and  reactance  in  each  branch.  The  effect  of 
changes  in  the  impedances  of  the  different  branches  is 
more  easily  obtained  on  a  miniature  network  than  would 
be  the  case  if  the  solution  were  obtained  by  calcula- 
tion. The  disadvantages  of  the  method  of  solution  by 
the  miniature  network  are  the  initial  cost  and  the  fact 
that  these  testing  tables  are  not  always  available. 
Hence,  the  solution  by  calculation  will  remain  the  more 
important  method. 

kirchhoff's  laws 

Any  network  may  be  solved  by  setting  up  the  equa- 
tions of  the  circuits  in  accordance  with  Kirchhoff's 
Laws,  which  may  be  stated  as  follows : — 

I — The  sum  of  the  currents  about  any  point  is  zero. 
2 — The  sum  of  the  voltages  about  any  closed  path  is 
zero. 

A  solution  of  these  equations  is  usually  obtained 
by  the  method  of  determinants.  In  case  of  a  compli- 
cated network,  it  is  sometimes  difficult  to  set  up  the 
necessaiy  number  of  equations  which  are  independent. 
A  useful  device  to  avoid  this  trouble,  due  to  Ma.xv.ell, 
is  to  assume  that  an  imaginary  current  is  circulating 
in  a  counter-clockwise  direction  in  each  mesh  of  the 
network.     This  device  also  insures  the  setting  up  of  the 


equations  with  the  minimum  number  of  unknowns. 
This  method  is  probably  best  for  a  solution  in  general 
terms,  that  is,  in  letters  instead  of  numbers.  The  so- 
lution of  networks  with  numerical  values  by  this  general 
method    is    frequently   very   laborious   and    difficult    to 


check.  The  purpose  of  this  article  is  to  show  how  the 
network  may  be  simplified  and  how  certain  devices, 
based  on  Kirchhoft"'s  Laws,  can  be  used  to  simplify  the 
calculations  and  to  render  checking  easier.  In  the  so- 
lution of  the  more  difficult  networks,  that  method  of 
solution  which  permits  easier  checking  is  of  the  greater 
importance. 

SETTING  UP   THE  NET  WORK 

The  impedance  of  each  branch  of  the  network 
should  be  calculated  and  e.xpressed  in  terms  of  one  volt- 
age, so  that  a  one  line  diagram  may  be  drawn.  If  the 
network  involves  a  transmission  and  distribution  sys- 
tem, such  as  shown  in  Fig.  i,  the  impedances  in  the  high 
voltage  system  may  be  expressed  in  terms  of  the  low 
Noltage  by  dividing  the  actual  impedances  by  the  square 
of  the  ratio  of  transformation  of  the  step-down  trans- 
formers connecting  the  two  systems.  Figs,  i,  2  and  3 
show  successive  steps  in  setting  up  the  network ;  Fig.  i 
giving  the  wiring  diagram  of  the  network;  Fig.  2  be- 
ing a  one  line  diagram ;  and  Fig.  3  being  a  working  dia- 
gram for  use  in  the  actual  solution  of  the  network.  In 
Fig.  3  Zj  Zo  and  Z,  represent  the  transformer  imped- 
ances; of  substations  i,  2  and  j  respectively ;  these  im- 
pedances are  expressed  in  terms  of  the  distribution  volt- 
age. Z^  and  Z5  represent  the  high-voltage  transmission 
impedances  per  section,  expressed  in  terms  of  the  dis- 
tribution voltage  Zg  and  Zj  represent  the  low  voltage 


FIG.  5  FIG.  6  FIG.   7  FIG.  8 

transmission  impedances  per  section.  Zg  is  an  imped- 
ance which  consists  of  generator  and  step-up  trans- 
former, and  is  connected  in  series  with  the  remainder  of 
the  network.  The  source  of  power  and  the  point  of 
load  are  usually  indicated  by  arrows  as  shown. 

Another  case,  and  one  frequently  met  in  practice, 
is  that  of  several  generators  connected  to  a  distribution 
system.  In  general,  these  generators  may  have  various 
phase  relations,  but  it  is  usually  desirable  to  consider 
the  generator  voltages  in  phase  and  then  the  method 
shown  in  Figs.  4  and  5  may  be  used.  In  solving  a 
three-phase  system,  it  is  usually  preferable  to  use  the 
"line  to  neutral"  method.  Fig.  4  shows  a  three-phase 
system  with  three  generators  connected  to  a  ring  bus 
with  reactors  in  each  section  of  the  bus,  with  a  three- 
phase  short-circuit  at  the  point  X.  Fig.  5  shows  a 
working  diagram  of  this  network  where  Zj,  Z^  and  Z, 
represent  the  generator  impedances  Z^,  Z5,  Z^  represent 
reactor  impedances. 

SIMPLIFICATION  OF  THE   NETWORK 

Having  made  a  working  diagram  of  the  network, 
the  next  step  is  to  simplify  it  so  as  to  reduce  the 
numerical  calculation.  The  methods  given  below, 
w^hen  applied  to  some  networks,  will  effect  a  remark- 
able    reduction     in     such     calculations.       Impedances 
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which  are  connected  in  series  should  be  replaced  by 
one  impedance  equal  to  the  sum.  Frequently  an  exam- 
ination of  the  network  will  show  that,  because  of  the 
symmetry  of  the  arrangement,  two  points  are  of  the 
same  potential;  these  points  should  be  connected  to- 
gether. Again,  any  branch  can  be  eliminated  which 
either  carries  no  current  due  to  the  symmetry  of  the 
network  or  negligible  current  due  to  its  very  high  im- 
pedance. For  example,  in  Fig.  5  if  Zj  =  Zj  =  ^3  and 
Z4  =  Z5  =  Zg,  with  the  short-circuit  at  the  point  X  it 
is  evident  that  the  points  A  and  B  will  be  of  the  sime 
potential  and  can  be  connected  together,  and  that  the 
branch  Z4  can  be  eliminated.  The  network  can  now  be 
drawn  as  shown  in  Fig.  6. 

PARALLEL  IMPEDANCES 

If  several  impedances  are  connected  in  parallel  be- 
tween two  points,  they  can  be  replaced  by  one  equiva- 
lent impedance  Z^  which  can  be  calculated  as  follows : — 

-^5-  =  ^r  i-^r+^7-  etc.,  where  Z.,  Z„  and  Z,  etc.  are  the 
values  of  the  individual  impedances.  For  the  import- 
ant case  of  two  impedances  in  parallel  the  equivalent 
impedance  is  equal  to  the  product  of  the  impedances 
over  the  sum,  that  is  :— 

'^°  ~  Zi  -f  Z^ 
The  total  current  /„  flowing  through  the  two  im- 
pedances  in   parallel   divides   in   inverse   proportion   to 


/i 


X/u 


FIG.  9  FIG.    10  FIG.   II 

the  impedances,  that  is,  the  current  /j  flowing  through 
the  branch  Zj  is 

Z2^ 

Zx  +  Z; 

Many  networks  can  be  solved  by  using  this  method. 
Applying  it  to  the  network  shown  in  Fig.  6,  it  is  reduced 
in  steps  as  shown  by  Figs.  7,  8  and  9  to  a  single  im- 
pedance Z„.  From  Z^  the  total  symmetrical  short-cir- 
cuit current  /„  can  be  calculated.  The  maximum  cur- 
rent supplied  by  the  adjacent  generator  is, — 

The  maximum  current  flowing  through  the  reactors 
and  each  of  the  other  generators  is, — 
Z.  U 


Z.  +  Zs 
STAR-DELTA   METHOD 

When  the  above  methods  have  been  applied  and 
the  network  is  still  rather  complicated,  the  next  step  is 
to  replace  certain  groups  of  impedances  by  a  group  of 
equivalent  impedances.  Three  impedances  connected 
in  star  may  be  replaced  by  three  equivalent  impedances 
connected  in  delta.*     Similarly,  three  impedances  con- 


*This  method  was  first  proposed  by  A.  E.  Kennelly,  in  an 
article  on  "The  Equivalence  of  Triangles  and  Three  Pointed 
Stars  in  Conducting  Networks",  El.  World  and  Engr.,  Sept.  16, 
1899,  Vol.  XXXIV,  p.  413- 


nected  in  delta  may  be  replaced  bj  an  equivalent  group 
of  three  impedances  connected  in  star.  In  Fig.  12  three 
impedances  are  connected  in  star  between  terminals  /, 
2  and  J.  Fig.  13  shows  three  equivalent  impedances 
connected  in  delta  between  the  same  three  terminals.  If 
the  equivalent  group  of  delta  connected  impedances  will 

"7, 


_    rJ      FIG.    12  FIG.    I.^ 

give  the  same  value  of  impedance  between  the  terminals 
■f-<?.  2-3  and  .?-/,  it  is  evident  that  the  delta  group  is 
equivalent  to  the  star  group.     To  meet  the  above  con- 
ditions the  following  equations  must  be  satisfied : — 
(S. -1-5.) 


A,  +  A,  =■ 

A;    4-    A,    =- 


B,  +  B,  +  B, 
B.  (B,  +  B,) 
B^  +  B,  +  B, 

'  '^  ■^'  —    B,  +  B,  +  B, 
In  case  the  impedances  of  the  delta  group  or  of 
the  star  group  are  known  the  impedances  of  the  corre- 
sponding star  or  delta  group  can  be  calculated  and  the 
equations  are  as  follows : — 

Equivalent  Star  Group — 


B 

+  B 

+  B, 

A,  = 

5i 

B, 

B 

i  +  B 

.  +  B, 

A,  = 

B, 

B, 

B 

.  +  B 

+  B, 

iquivalent  Delta  Group— 

- 

B: 

A, 

A, 

+  A, 

A,  +  A, 

A, 

— 

A 

3 

B: 

A^ 

A: 

+  A, 

A.  +  A, 

A, 

A 

1 

A, 

A, 

+  A, 

A,  +  A, 

A, 

The  above  equations  may  be  expressed  in  a  form 
which  is  easy  to  remember,  as  follows : — The  equivalent 
star  impedance  is  equal  to  the  product  of  the  adjacent 
delta  impedances  over  the  sum  of  the  impedances.  The 
equivalent  delta  impedance  is  equal  to  the  sum  of  the 
products  of  the  star  impedances  taken  two  at  a  time 
divided  by  the  impedance  of  the  opposite  branch.     The 


FIG.  14  FIG.  15  FIG.   16 

substitution  of  the  equivalent  delta  group  for  the  star 
group  is  the  method  that  is  usually  found  more  expedi- 
ent. This  method  is,  in  connection  with  the  method  of 
parallel  impedances,  will  solve  a  very  large  variety  of 
networks.  To  illustrate  how  this  method  can  be  ap- 
plied, refer  again  to  Fig.  5,  and  assume  that  all  the  im- 


348 


THE  ELECTRIC  JOURNAL 


pedances  are  of  different  values.  In  this  case  the  points 
A  and  B  cannot  be  tied  together  nor  the  branch  Z^ 
eliminated.  The  three  impedances  Z^,  Z^  and  Z^  con- 
nected in  star  between  the  points  B,  C  and  X,  with  star 
point  at  A,  may  be  replaced  by  an  equivalent  delta  group 
of  three  impedances  Z,,  Z^  and  Zg,  connected  between" 
these  same  points,  as  shown  in  Fig.  lo.  The  imped- 
ances in  parallel  may  be  replaced  by  their  equivalent  im- 
pedances, as  shown  in  Fig.  ii.  The  network  has  now 
been  reduced  from  a  three  mesh  network  to  a  single 
mesh,  and  the  network  may  be  solved  in  the  manner 
which  has  already  been  indicated. 

Perhaps  it  should  be  pointed  out  that  it  is  not  per- 
missible to  substitute  a  group  of  delta  connected  imped- 
ances for  a  star  group  when  more  than  three  imped- 
ances are  connected  to  the  star  point. 

The  above  method  can  be  extended  so  as  to  re- 
place a  group  of  four  or  more  impedances  connected  in 
star  by  other  groups  of  impedances,  but  the  simplicity 
of  the  star-delta  transformation  is  not  obtained.  I'he 
minimum  number  of  impedances  required  to  represent 
a  group  of  impedances  connected  between  A'^  points  is 
0.5  N  (N-i).  The  transformation  formulas  become 
very  complicated  unless  all  the  impedances  in  the  star 
group  are  equal,  in  which  case  each  member  of  the 
equivalent  group  of  impedance  is  equal  to  the  star  value 
divided  by  A^.     When  this  method  can  be  used,  there 


■i 
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FIG.    17  FIG.   18  FIG.   19 

is  considerable  advantage  in  doing  so ;  for  example,  in 
the  network  shown  in  Fig.  14,  the  four  impedances  Z^, 
Z,,  Z3  and  Z^  connected  between  points  1,2,^  and  4, 
may  be  replaced  by  six  impedances  Z,,  to  Zj^,  as  shown 
in  Fig.  15.  The  impedances  which  are  connected  in 
[larallel  may  be  replaced  by  their  equivalent  impedances 
and  the  network  can  be  drawn  as  shown  in  Fig.  16. 
The  network  has  tlius  been  reduced  from  six  to  three 
meshes,  and  may  be  further  reduced  by  the  star  delta 
method,  as  explained  above. 

SUPERPOSED  SOLUTIONS 

Superposed  solutions  are  particularly  applicable  to 
linear  networks,  i.e.  with  meshes  connected  as  links  in 
a  chain,  and  to  those  problems  which  require  a  solution 
for  ever)'  load  point.  In  this  method  the  principle  of 
unit  current  is  employed.  The  advantage  of  using 
unit  current  is  that  the  division  of  current  can  be  found 
and  then  by  adding  the  voltage  drops  along  any  line 
between  the  source  and  the  load  point,  the  impedance  of 
the  network  is  obtained.  Suppose  for  example,  that  the 
network  shown  in  Fig.  17  is  chosen  with  a  load  of  unit 
current  drawn  from  the  point  2  supplied  from  the  point 
i'.  The  division  of  currents  in  the  different  branches 
can  be  obtained  by  the  simple  device  of  combining 
parallel  impedances.  The  division  of  current  for  this 
condition  of  load  may  be  indicated  by  solid  arrows  as 


shown  in  the  diagram.  If  unit  current  is  supplied  to 
the  network  at  the  point  2,  and  withdrawn  from  it  at 
the  point  j,  thedistribution  of  current  may  be  obtained 
in  a  similar  manner  and  will  be  as  shown  by  the  dotted 
arrows.  These  two  solutions  may  be  superposed  and 
the  currents  in  the  different  branches  added,  and  this 
leaves  a  load  of  unit  current  supplied  to  the  point  i', 
and  unit  current  withdrawn  from  the  point  j  as  shown 
in  Fig.  18.  By  this  means  the  division  of  load  for  a 
unit  current  at  the  point  j  is  obtained  and  the  imped- 
ance of  the  network  to  the  point  j  can  also  be  obtained 
by  adding  the  voltage  drops  along  any  of  the  paths  be- 
tween the  source  arid  the  point  j.  This  method  has 
an  advantage  over  the  method  of  substitution  of  equiva- 
lent groups  of  impedance  as  given  above,  in  that  the 
network  is  not  altered  and  that  one  superposed  solution 
may  be  added  to  another  so  as  to  solve  any  linear  net- 
work regardless  of  the  number  of  meshes. 

This  method  has  a  further  advantage  in  that  the 
impedances  for  the  calculation  of  voltage  regulation 
are  easily  obtained.  After  obtaining  the  distribution  of 
current  it  is  an  easy  matter  to  find  the  voltage  drop  be- 
tween the  source  and  any  particular  point,  say  B,  with 
the  load  at  any  point,  say  A.  It  is  evident  that  the  drop 
at  B  is  proportional  to  the  current  taken  at  A,  and 
therefore  the  ratio  between  the  voltage  drop  at  B  to  the 
current  causing  it  should  be  considered  as  an  imped- 


ance. This  impedance  may  be  represented  as  Zab, 
where  the  first  subscript  indicates  the  load  point  and  the 
second  subscript  indicates  the  point  to  which  the  drop 
is  considered.  If  this  notation  is  employed  it  becomes 
necessar}-  to  distinguish  between  the  two  conditions : — 
I — where  A  and  B  are  different  points  ;  and  2 — where 
they  are  the  same  point. 

The  latter  case  is  indicated  by  the  term  "self  im- 
pedance", which  is  the  actual  impedance  of  the  net- 
work in  the  usual  meaning  of  the  word.  The  other 
case  is  indicated  by  the  term  "mutual  impedance"'.  A 
very-  important  theorem*  connecting  mutual  impedances 
may  be  stated  very  simply  as  follows: — 

Zab  =  Zba 

The  validity  of  this  theorem  can  be  shown  in  the 
case  of  a  simple  network.  Take  the  case  of  a  single 
mesh  as  shown  m  the  Fig.  20.  Consider  first  a  load  of 
unit  current  at  the  point  B.     The  current  flowing  in  the 

and  the  drop    to  the 


/T. 


^x  +  Z-,   +   Zi 


Z^   Z. 


branch  Z,  is,- 

point  A,  Zba  is  evidently, —  ^  ^'^^'1  y. 

Next  consider  a  load  of  unit  current  at  the  point  A, 

Z^ 


the  current  in  the  branch  Z,  is 


and 


Z,  +  Zi  4-  Z3 
the    drop    from    the    source    to    the    point   B,  Zab    »s 


♦The  general  proof  for  this  theorem^  is  given  in  this  issue 
by  Mr.  Fortescue,  to  whom  the  writer  is  indebted  for  its  use. 
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Hence  for  this  case  Zab  is  equal  to  ^ba- 


Z,   +  Z,  +    Z:, 

It  is  possible  to  obtain  a  cleai  picture  of  the  rela- 
tions existing  in  this  particular  case  by  replacing  the 
delta  group  of  impedances  by  an  equivalent  star  group 
as  shown  in  Fig.  21.  The  mutual  impedances  in  this 
case  are  obviously  the  same,  and  represent  the  imped- 
ance Zab  common  to  both  paths. 

The  fact  that  Zab  =^  Z^x  offers  a  convenient 
method  for  checking  the  calculation  for  division  of  cur- 
rents. Take  the  case  shown  in  Fig.  17.  The  division 
of  currents  for  the  loads  at  the  points  /,  2  and  J  is 
easily  obtained,  then  the  self  and  mutual  impedances 
are  obtained  which  may  be  tabulated  in  columns  for 
each  load  point. 

z ,  ;?,.,  ^M 

Z^.i  z,.,  z,., 

Z\  ,  Zt  i  Z,M 

The  impedances  Z,  „  and  Zj  3  are  obtained  from  a 
different  set  of  calculations  than  Z,  ^  and  Z^  3  or  Z3 , 
and  Z3  2,hence  these  checks  afford  a  very  good  indica- 
tion as  to  the  accuracy  of  the  calculation. 

REGULATION 

When  the  self  and  mutual  impedances  have  been 
obtained  it  becomes  a  very  easy  matter  to  determine 
the  regulation  for  any  particular  current  loading.  The 
voltage  drop  D^  to  any  point,  say  the  point  /,  is  evi- 
dently,— 

/?i  =  ^.1  /i  -(-  Zi.,  h  -I-  Z^,,  h 

Similarly  the  drop  to  the  point  2  is, — 

A    =    ^2-1  /l   +   ^■-2  h   -F  ^2-3  h 

When  /j  is  the  current  drawn  from  the  point  /  and  /, 
is  the  current  drawn  from  the  point  2.  In  the  above 
expressions,  the  impedances,  and  the  currents  are  com- 
plex quantities,  and  therefore  the  phase  relations  of 
the  currents  must  either  be  known  or  assumed. 

TRANSMISSION    EFFICIENCY 

By  extending  the  above  method,  the  transmission 
efficiency  may  be  calculated.  The  total  power  input  to 
the  network  is  obtained  from  the  sum  of  the  load  cur- 
rents and  the  voltage  of  the  source.  The  total  power 
output  is  the  sum  of  the  power  delivered  to  each  of 
the  different  loads  whose  voltage  and  current  are  both 
knowa  The  total  loss  in  the  network  can  be  calcu- 
lated from  the  following  expression : 

Z\.\  I\  I\  +  Z2.J  Ii  h  -f  Z.i.i  h  /x plus 

z,.2  (/,  h  -f  /.  /2)  +  z,.^  (/,  h  +  /i  h)  =  ^2,1  (/2  h  +  h  h) 

In  the  above  expression  /  represents  the  conjugate 
of/. 

When  direct-current  networks  only  are  considered, 
the  expressions  for  impedances  and  currents  are  no 
longer  complex  quantities  and  the  equations  given 
above  for  voltage  regulation  and  power  loss  in  the  net- 
work are  much  simplified. 

EQUIVALENT    LOADING 

On  certain  distribution  systems,  such  as  trolley 
systems,  the  load  may  be  located  at  any  point  between 


two  substations  or  branch  points  in  the  network,  and  it 
becomes  desirable  to  replace  the  actual  loading  by  an 
equivalent  loading  in  which  all  loads  are  located  at 
branch  points.  It  has  been  found  that  if  the  actual 
current  loads  be  divided  in  inverse  proportion  to  the 
impedance  from  the  load  point  to  the  adjacent  branch 
points,  tliat  the  same  voltage  drops  and  division  of 
current  are  obtained  in  all  parts  of  the  network  except 
in  the  branch  in  which  the  load  is  taken,  as  would  be 
obtained  with  the  actual  loading.  The  equivalent  load- 
ing is  used  to  obtain  the  division  of  current  and  voltage 
drops  to  branch  points,  and  with  these  obtained,  the 
voltage  drop  to  the  load  is  easily  secured  and  the  equa- 
tion is  as  follows : — 

^nD^  +  (/-w)  !)■■  +  iii  {r-m)  Z.-  A 

In  the  above  equation,  D^  is  the  voltage  drop  to  the 
branch  point  /,  and  D„  is  the  voltage  drop  to  the  branch 
point  ^;  Zc  is  the  impedance  on  the  branch  connecting 
points  I  and  ^;  m  is  the  ratio  of  the  impedance  between 
the  load  point  and  the  branch  point  2,  to  the  impedance 
Zc ;  /x  represents  the  load  current  in  the  branch  Z^. 
The  method  of  equivalent  loading  makes  it  unnecessary 
to  solve  the  network  except  for  branch  points. 

POSITIVE    AND    NEGATIVE   LOADING 

If  the  network  is  supplied  by  two  sources  of 
power,  and  the  amount  of  power  supplied  by  one  source 
is  known,  it  may  be  represented  by  a  negative  load. 
The  problem  under  this  condition  is  no  more  compli- 
cated than  with  one  source  of  power. 

By  extending  these  methods,  it  is  possible  to  elim- 
inate a  branch  of  the  network  under  some  particular 
load  condition,  even  though  it  is  carrying  current.  Re- 
ferring to  Fig.  17,  the  impedance  Z^  connected  between 
the  points  2  and  2'  may  be  eliminated  by  placing  a  posi- 
tive load  of  /x  amperes  at  the  point  2',  and  a  negative 
load  of  /x  amperes  at  the  point  2,  as  shown  in  Fig.  19. 
The  use  of  the  positive  and  negative  loads  satisfies  Kir- 
schoff's  first  law,  and  to  satisfy  the  second  law,  the  volt- 
age drop  between  2  and  ^'  must  be  equal  to  Z^h-  The 
value  of  /x  is  determined  by  the  above  voltage  condi- 
tion, and  the  complete  solution  of  the  network  for  this 
condition  of  load  can  now  be  obtained. 

This  method  is  of  particular  advantage  when  a 
complicated  network  has  been  solved,  and  it  becomes 
necessary  to  change  the  impedance  of  a  certain  branch 
of  the  network,  e.i. ;  to  increase  the  capacity  of  a 
transformer  or  feeder.  The  calculation  for  the  net- 
work with  a  new  value  of  impedance  in  the  branch  is 
complicated  only  to  the  extent  of  considering  one  or 
two  additional  loads. 

In  this  article,  no  attempt  at  completeness  has  been 
considered,  but  the  intention  has  been  to  describe  a  few 
methods  which  would  be  of  the  greatest  assistance  in 
solving  the  usual  network  problems.  It  should  be 
pointed  out,  however,  that  in  the  networks  which  have 
been  considered,  it  has  been  assumed  that  no  branches 
were  mutually  interlinked;  this  rather  unusual  type  of 
network  deserves  separate  treatment. 


Development  of  Analytical  Solutions 

Charles  Fortescue 

A  number  of  years  ago  the  writer  had  to  take  up,  in  connection  with  the  Norfolk  &  Western  Railway 
electrification,  the  problem  of  solving  single-phase  railway  networks.  As  a  result  of  practical  work  on 
railway  networks,  the  theorems  and  methods  referred  to  in  the  latter  part  of  the  article  by  Mr.  Evans, 
in  which  he  has  presented  their  practical  application,  were  deduced.  The  principles  on  which  these 
methods  are  based  have  been  known  to  physicists  for  some  time,  but  their  application  to  practical  problems 
has  not  been  generally  appreciated.  These  methods  have  since  been  used  in  the  calculation  of  many 
other  railway  and  central  station  networks.  Mr.  Evans  has  stated  these  theorems  without  comment,  but  it  is 
believed  by  the  author  that  the  derivation  and  a  proof  as  follows  would  be  of  interest  to  those  who  may 
wish  to  make  use  of  them.  One  of  the  principal  ideas  presented  in  this  article  is  the  separation  of  the 
networks  into  invariable  and  variable  portions,  the  latter  constituting  the  supply  and  load  circuits.  Thus 
the  constants  derived  for  the  invariable  portion  of  the  network  may  be  tabulated  and  used  whenever  a 
problem  comes  up  for  solution.  Corrections  for  changes  in  the  network  can  be  readily  worked  out  and 
the  tables  of  constants  kept. 


THERE  are  portions  of  most  networks  which  are 
not  subject  to  variation;  thus,  for  example,  a 
high-vohage  transmission  system  supplying 
power  through  step-down  transformers  to  a  secondary 
distribution  system  will  have  the  impedance  of  the 
transmission  lines,  of  the  transforming  apparatus  and 
the  impedance  of  the  secondary  distribution  system,  in 
general  invariable  or  else  subject  to  arbitrary  variation. 
On  the  other  hand  the  loads  drawn  from  such  a  system 
at  various  points  will  be  subject  to  variations  which  are 
not  controlled.  Again  the  secondary  transmission  of 
the  system  described  above  may  consist  of  the  overhead 
trolley  and  tracks  of  a  railway;  in  this  case  the  load 
will  not  only  be  subject  to  variation  in  value  but  also  in 
position. 

In  the  case  of  a  single  network  problem  it  is  not 
important  to  take  account  of  the  variable  and  invariable 
portions  of  the  network,  but  when  the  complete  net- 
work is  the  subject  of  extensive  investigation,  the  im- 
portance of  separating  the  portions  subject  to  variation 
from  those  that  remain  constant  is  obvious.  In  the 
case  of  a  single-phase  railway  network,  the  complete 
solution  of  the  network  for  unit  current  at  one  second- 
ary branch  point  may  be  used  as  a  basis  for  deducing 
the  solutions  for  all  the  other  branch  points  by  simple 
transformations.  With  the  solution  for  all  the  branch 
points  given,  that  for  a  load  at  any  point  on  the  system 
is  a  matter  simply  of  superposition  of  solutions,  with 
the  help  of  a  certain  theorem  of  resolution  of  loads  to 
equivalent  loads  at  branch  points.  The  theorem  of 
superposed  solutions  may  be  stated  as  follows: — 

If  a  number  of  currents  are  drawn  from  a  network 
at  various  points,  the  resulting  distribution  of  currents  in 
the  invariable  portions  of  the  network  will  be  the  same  as 
that  obtained  by  considering  each  load  separately  and  super- 
posing the  separate  solutions,  the  currents  in  the  various 
portions  of   the  network  being  combined  vcctorially. 

When  the  loads  are  located  at  branch  points  and 
there  is  one  supply  point,  this  theorem  follows  directly 
from  Kirchhoff's  law  of  e.m.f.  Uiken  rcjund  ;:  clfjscd 
circuit.  Since  the  sum  of  these  e.m.f.'s  in  each  circuit 
is  zero  for  each  load  taken  separately,  it  tnust  also  be 
zero  for  the  superposed  solutions  and  therefore  the 
superposed  .*;olution  satisfies  Kircliliofif's  law  and  is  the 
solution  for  the  combined  loads. 

In  applying  this  to  loads  that  do  not  occur  at 
branch  points  it  is  necessary  to  introduce  the  theorem 
of  resolution  of  a  current  into  components  at  the  adja- 


cent branch   points.     This   theorem  may  be   stated  as 

follows : — 

A  current  due  to  a  load  intermediate  between  two 
branch  points  may  be  resolved  into  two  components  flow- 
ing from  the  adjacent  branch  points  of  such  values  that 
they  will  produce  no  difference  of  potential  between  these 
two  points.  The  actual  load  current  may  therefore  be 
considered  as  transferred  in  like  proportion  to  these  branch 
points;  the  distribution  resulting  therefrom  together  with 
the  components  in  the  conductor  between  the  branch  points 
and  load  combined  being  the  true  solution.  Where 
there  are  a  number  of  feeders  connecting  two  adjacent 
branch  points  each  carrying  one  or  more  loads,  the  mutual 
impedances  of  the  currents  must  be  taken  into  account  in 
determining  the  difference  of  potential  between  the  branch 
points,  but  each  load  may  be  resolved  separately  and  inde- 
pendent of  the  others. 

This  theorem  also  follows  directly  from  Kirchhoff's 
law  of  e.m.f.  round  a  closed  circuit,  for  this  law  is 
satisfied  for  all  the  closed  circuits  intercepted  between 
any  given  pair  of  branch  points  and  it  introduces  no 
difference  of  potential  between  any  pair  of  branch 
points  and  will  therefore  introduce  no  e.m.f.  in  any 
mesh  of  the  invariable  part  of  the  system  which  con- 
tains the  branch  points.  Therefore,  the  superposed  so- 
lution for  the  combined  resolved  loads  at  branch 
points,  together  with  the  currents  between  the  actual 
load  points  and  the  branch  points  due  to  resolving  the 
load  current  in  the  manner  specified,  gives  a  solution 
satisfying  Kirchoff's  laws  and  is  the  true  solution. 

METHOD   OF    PROGRESSIVE   APPROXIMATIONS 

It  is  frequently  the  case  that  a  rigid  solution  of 
the  system  is  not  desired,  the  loads  themselves  being 
subject  to  such  large  fluctuation  and  variation  in  power- 
factor  that  extreme  nicety  in  determining  their  prob- 
able values  and  power- factor  is  not  possible.  What  is 
generally  desired  is  a  means  of  obtaining,  with  reason- 
able accuracy,  the  distribution  of  loads  among  the  trans- 
formers and  other  apparatus  in  the  system.  The  loads 
in  general  may  therefore  be  considered  to  have  an 
average  power-factor  through  the  whole  system,  or  they 
may  be  classified  into  two  or  more  classes  having  differ- 
ent power-factors  and  the  resulting  solutions  superim- 
posed. If  a  greater  degree  of  accuracy  is  desired,  the 
e.m.f.'s  at  each  load  point  may  be  calculated  from  the 
distribution  obtained  as  above  and  the  current  at  each 
load  point  then  adjusted  to  its  proper  phase  relation. 
The  calculations  are  then  repeated.  This  cycle  of  op- 
erations may  be  repeated  as  many  times  as  necessary 
to  obtain  the  degree  of  accuracy  desired. 
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LOAD  POINTS  TO  REPRESENT  CAPACITY  ADMITTANCE  Another  reciprocal  relation  that  occurs  in  networks 

The  points  at  which  a  load  may  be  supplied  need  may  be  stated  as  follows. 

not,  from  a  theoretical  point  of  view,  be  limited  to  the  ^     If  '"  any  network,  an  c.m.i.  set  up  between  two  points 

.                                       -      1  ^  3nd  B  causes  current  i  to  flow  between  two  other  points 

secondary  distribution.     This  fact  attords  a  very  con-  c  and  D  when  connected  together,  the  same  e.m.f.,  if  ap- 

venient  way  of  taking  into  account  such  factors  as  dis-  P'ied  between  C  and  D,  will  cause  the  same  current  to  flow 

....             ,       ,    ■          ,        ,                    r  between  A  and  D  if  they  are  connected  together, 

tnbuted  capacity.     Applying  the  theorem  of  component  complete  solution  of  network  for  all  loads 

load  at  branch  points  to  the  capacity  currents,  as  far  ^^^^^  j^^^.^^  ohi2:mtA  the  values  of  Z„  Z„  Z,,  etc., 

as  the  network  is  concerned  the  only  factor  of  conse-  ^^^^  ^^_^_  ^^^  ^^^_  ^^^  ^^  ^j^^  ^^^^^.^^^  f^,.  ^j^^  ^^^^  p^j^^^ 

quence  is  the  amount  of  the  component  current  flowing     

from  each  branch  point  and  the  manner  in  which  it  /,  =  //,  ,a  +  X-/  /h) 

distributes    itself    throughout    the    circuit.     We    may  "^  ^  /"' '  ^  1"  t" '■"  1   •^ 

therefore    consider   all    capacity    current   between    two  where  h,  k,  h,  k,  etc.,  are  constants  depending  solely  upon 

branch  points  to  be  equally  divided  between  them  and  the  position  of  A  and  B  in  the  network.    The  same  relation  will 

,      ,   ^      ^,         r  ^  -u    ^-         •       .^1            ^        1                1^-  hold  between   dqi,   dq«.  etc.,   and   dqi.,   dq-a.    Substituting  these 

calculate    the    distribution    in    the    networks    resulting  expressions  in  (i)  and  (2)  gives  T  and  W  in  terms  of  u,- 

therefrom.     Where   it   becomes   necessary   to   consider  ^p  /  /                                                      \ .  „ 

such  factors,  the  current  distribution  for  unit  loads  at  ~  ^m  \  -'      '  ''   +   -'-  '■.;  +   —    ■>      ) 

the  high-tension  branch  points  must  also  be  worked  out.  ,J—(/  1  ^.|-j   1   ^^.,^.,2  ^  L-.i--  + );ir 

NEGATIVE  LOAD  POINTS  +  (3/,2  h\  In  -^  Ma  fu  In  + )  i\- 

Where  a  system  is  fed  from  two  or  more  separate  ,,,.,,,.,/;    t     ,         \ 

sources  of  power,  one  of  these  may  be  taken  as  the  _l_  ij\/y,u,^/;.,-\. i,.,kx)  —  I\lY.;{h\k:'.  + h.-.k^)  Jf  ..)i\iv. 

principal   one   and   the   others    may   be    considered    as  ^m  1  /' 

negative  load  points,  the  resulting  solutions  being  super-  ^m  \J 

posed  in  the  same  manner  as  for  positive  load  points.  +  (^>'i '^'i" +  "-"''-"  +     ■•   ■""  + ''."','''' 

If    the   negative   load   point   lies   between   two   branch  r 

points,  it  may  be  treated  in  a  similar  manner  to  that  +  (A'l/nX-i -f  A'j//j/!-:  + A';i//::Xt,  +  .  .  .);ii(/(/„-^...  (5) 

of    a    positive    load    point    lying    between    two    branch  The  e.m.f.  set  up  in  the  network  in  the  composite  circuit 

points.     The  method  of  successive  approximation  may  including^  will  be ^ 

be  applied  in  all  these  cases.     In  the  case  of  additional  Hi  dT  ~^  'ifiT'  ^^^ 

supply  points,  the  number  is  usually  few  and,  therefore  ^^^  ;„  the  circuit  including  5  it  will  be:— 

the  labor  in  obtaining  a  satisfactory  solution  by  succes-  jL'lHi  £1!L                                   (^\ 

sive  approximation  is  small.  "''  ''''"      "''" 

The  portions  of  (6)  and  (7)   involving  T  become,  on  jul>- 

SELF- IMPEDANCE     AND     MUTUAL     IMPEDANCE — RECIPRO-  stituting  its  value  from  (4)  : — 

CAL  RELATIONS  IN  A  NETWORK  jL '—  ^  —  '^  \  //^^  /^  _|_  /,.,/,.,  -|-  /.;/,..=  + )i^ 

If  a  unit  current  load  be  taken  from  a  network  at  '^          +  ^  ( l/i-  /n  //•■  +  M\?,  /nhi+..    )i\ 

a  given  point,  the  drop  in  the  network  between  the  +[Lih\ki  +  Lih<k-^-{- Lzhikz-i-       ) 

supply  point  and  the  load  point  is  the  impedance  of  the  ,,    ,,,,,,,,  ,i,,,  l   ,,  i  n  ,      1  .  1 

network  to  a  load  at  that  point.     If  the  load  points  are  J 

designated  by  the  letters  A,  B,  C,  D,  etc.,  the  self-im-  jL'i^  =  "TzE  \{l-\ki  -|-  /.-../!•■..  -h  L:ikx  -|- )iv. 

pedances  are  designated  usually  b-  ,?a,  ^b,  Z^,  etc.     If  x,  iMv<  k\k«  ^  M\!,k\ki-\- )?'b 

unit  current  is  taken  from  A,  the  e.m.f.  between  the  +  ' /, , /;i /ti -(- A» /;•. /fa -I- /-a/'::  X':. -f ..   

supply  point  and  B  is  the  mutual  impedance  between  A  ,         „,,,,,,  ^       i  ■  1      ,  > 

^13    A     ■        .AU      V           r                1      -^        •.                 .  ^My:{lnk;-VlHk-i)-\-Mr,(hxk-,^-lukx)...\is\..('S) 

and  B,  designated  by  Zab.     Conversely  if  unit  current  ,..,„,.,            .                -■,   , 

,              rn,                ri                     I                 1           •,.  The  coefficients  of   1.  in   (8)    is  the  quadrature  e.m.f.  be- 

is  drawn  from  B,  the  e.m.f.  between  the  supply  point  ^^^^^^  the  supply  point  and  A  due  to  unit  current  at  B,  and 

and  A  is  the  mutual  impedance  between  B  and  A   and  the  coefficient  of  !„  in  (9)   is  the  quadrature  e.m.f.  between  the 

J  .  J  ^  T  11  1-  ^  T  supply  point  and  B  due  to  unit  rate  of  increase  of  current  at  A. 
is  designated  Zba.  In  all  linear  systems  Zab  =  it  will  be  seen  that  the  two  are  equal.  Equations  (8)  and  (9) 
Zba.  This  is  the  reciprocal  theorem  for  mutual  imped-  therefore  show  that  for  unit  alternating  current  u.  the  quadra- 
,  ture  e.m.f.  at  S  equals  the  quadrature  e.m.f.  at  ^  for  unit 
ances  in  a  network.  ^^^^^^^t  ia  or,- 
Mab  =  Mba (/o) 

*The  proof  of  this  theorem  is  as  follows: — the  mean  mag-  Similarly  we  have: 

netic  energy  in  a  network  composed  solely  of  inductive  appara-  n   ',,,    ^^   , 

tus  is  given  as,—  ■  ^  ^  -^  (A")  hr  ■\-  R«  //■■-  +  Rv.  Ii^r)  i\ 

Ell                    I  dt7\      ^"   I. 

[—Lxu^+—L,i./+  '■'                                                                                , 

^-                  .-  +Rx/,ikx  +  R2//;k.,  +  R:;/i,ks )/bK.(//) 

.,/„„,,  +  .,/„„„+ ) (,)  ajK__    * 

and  the  energy  dissipated  is  given  by, —  3,;^  ~  fc  1  ^^''  ^''  "*"  ^^-  ^'''  "*"  ^■'  ^''^  '" 

M ■  =  ^  I    I  A',  ?i  </,;,  -I-  /?o  /o  (f</-,  +  R:  h  dt]::  -|-  ,        ,    [  .    (^)  +  v^i  /; ,  X'l  +  A',  /;,  k-,  +  R,  /is  k,.  -^ . .  . )  /a  | . .  (/-') 

Where  t,,  !•,  13,  etc.  are  the  component  currents  in  the  net-  The   coefficient   of   ib   in    (11)    and   1.   in    (12)    are   equal, 

work  and  q~,   q:,  qi  are  the  quantities  of  electricity   that   flow  Therefore  equations  (11)  and  (12)  show  that  for  unit  alterna- 

past  a  given  point  in  the  network  in  a  given  time.       If  the  load  ting  current  i'a,  the  in-phase  e.m.f.   at  B  equals  the  in-phase 

currents  at  A  and  B  are  i'a  and  i-a,  we  may  express  ii,  ij  and  i.,  in  e.m.f.  A  for  unit  current  j'b.  Or, — 

terms  of  these  two  currents.     Thus: —  Zab  =  Zba 
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A,  B  and  C  and  having  given  the  load  impedance  Zj,  Zj, 
Z,  etc.,  the  equation  of  the  system  with  an  impressed 
e.m.f.  E  is : — 

E  =  (Z,  +  Xu  A  +  Z.b  /i.  +  Z„  /e  +. . . . 

=  Z.b  /,  +  (Z„  +  Z.)  /„  +  Zb.  A.  +. . . . 

=  Z.,.  /»  +  Zbe  A  +  (Z,  +  ^:;)  />■  +      . .  (/.?) 
The  solution  can  be  obtained  in  the  usual  deterrnin- 
ant  form.     After  values  of  the  currents  have  been  de- 
termined, the  e.m.f.'s  at  each  point  can  be  calculated  in 
the  usual  manner. 

CHANGE   IN    SUPPLY    POINT 

The  point  at  which  the  power  is  supplied  to  a  net- 
work may  be  changed  to  another  point  by  the  simple 
expedient  of  considering  a  negative  load  of  the  same 
value  as  the  total  load  at  the  supply  point  to  be  taken 
off  at  the  other  i)oint.  This  will  reduce  the  load  at  the 
former  supply  point  to  zero  and  give  the  proper  current 
distribution  throughout  the  net  work  for  the  new  point. 

NETWORK    WITH    MORE   THAN    ONE    SUPPLY    POINT 

It  was  pointed  out  in  a  previous  paragraph  that  ad- 
ditional supply  points  may  be  reprtsented  by  negative 
load  points,  and  that  a  satisfactory  solution  may  be 
reached  by  the  method  of  successive  approximation.  It 
will  appear  in  arriving  at  the  solution  in  this  manner 
that  the  loads  which  the  various  supply  stations  take 
can,  to  a  large  extent,  be  arbitrarily  determined.  The 
reason  of  this  will  appear  below.  Let  the  additional 
supply  points  be  U ,  J',  IV  having  impedances,  referred 
to  the  initial  supply  ])oint  O,  of  Z„  Zv  Zw  and  having 
mutual  impedances  with  the  various  load  points  desig- 
nated in  the  usual  manner.  Let  us  suppose  tlie  current 
taken  off  at  these  points  to  be — 7„ — A — A,  and  let  the 
impressed  e.m.f.'s  at  these  points  be  £„,  £v,  £«,  no  limi- 
tation being  ])laced  on  the  value  of  the  currents  or 
e.m.f.'s.  Insiead  of  equation  (13)  we  now  have: 
iE'=-Z.„  /u-Z„.  A-Z,„  A.-f-(Z»-fZ,)  A-fZ.b  A+Z,,  /,+  .. 

=  -  Zb„  /u-Z„v  A-Z„„-  /„-+Z.„  A-|-(Z„+Z2)/„-|-Z„e  A-f .. 

=  -  Zeu  /„-Z,..  A-Z,„  /„-l-Z.e  A-(-Zi„.  A+(Z,-|-ZO  /,+    . 

=  E„-Zn  /„-Z„v  A-Z„„  /„+Z.„  A-l-Z,,,,  A.-^Z,.„  A     

=  Vrv-Z„v  /„-Z>  A-Zv„  /„ -t-Z„v  A-t-Zi,v  A.-f  Z.v  A-l- 

=  A-w-Z„„  /„-;<>,„  A-Z„A,-t-/„„  /„-(-Xi,„  A,H-Z,,.  A-f-.(/./) 
There  are  three  additional  equations  to  determine  six 
new  quantities  namely  /„  J,.  J„  E^  E,.  E„.  It  will  there- 
fore be  evident  that  three  of  these  quantities  may  be 
determined  arbitrarily  if  there  are  no  other  factors 
limiting  their  values. 

FREEDOM    AND    CONSTRAINT 

A  quantity  is  said  to  have  n  degrees  of  freedom  if 
n  quantities  are  required  to  completely  specify  it.  Thus 
a  plain  vector  has  two  degrees  of  freedom  since  it  is 
completely  specified  by  its  length  and  angular  position. 
Any  relation  which  furnishes  a  means  for  specifying 
an  undetermined  quantity  is  called  a  constraint.  Thus 
in  the  network  with  one  supply  point  which  has  been 
treated  in  the  preceeding  paragraiihs,  the  values  of  the 
e.m.f.s  and  currents  are  subjected  to  constraints  by 
virtue  of  their  relation  to  one  another  through  the  net- 
work. 


The  system  represented  by  (14)  has  six  degrees  of 
freedom,  since  we  can  vary  any  three  of  the  six  vector 
quantities  £„,  £v,  E^,  U,  h,  K  arbitrarily.  We  may  im- 
pose six  degrees  of  constraint  by  expressing  three  in- 
dependent relations  between  any  three  of  these  quan- 
tities and  one  or  all  of  the  remaining  quantities  entering 
into  the  system.  Thus  for  e.xample  if  we  make, — 
En  =  E.  =  A„  =  A (/j) 

The  system  is  completely  specified  when  these  re- 
lations are  substituted  in  (14).  On  the  other  hand  if 
we  simply  specify, — 

A„  =  A"v  =  £">,  =  E (/ft) 

only  three  constraints  are  imposed  for  the  reason  that 
the  vectors  £„  Ey  £„  are  not  completely  specified  by 
(16),  the  phase  angles  of  these  vectors  being  still  left 
undetermined.  Similarly  constraints  may  be  imposed 
on  the  currents  instead  of  the  e.m.f.'s  though  it  is  more 
usual  to  fix  the  value  of  the  e.m.f. 

A  common  constraint  imposed  is  to  keep  the  voltage 
at  all  supply  points  the  same  and  operate  at  the  same 
power- factor  at  these  points.  These  constraints  are  ex- 
pressed as  follows, — 

A,  =  y«E,,e-'e  I 

A  =  )\  Av  c--'d  ■ (//) 

A-  =  }\E^,-'d  ) 

A  +  'h  +  A  -  A,  -  A  -  /»  =   yEe'8 (/5) 

i1/u  }'v  I'w  and  ]'  are  real  quantities.  Equation 
(  17)  s])ecifies  four  vector  quantities  but  leaves  five  real 
quantities,  Y^  i'v  i  w  Y  and  6  undetermined.  It  re- 
moves, therefore,  three  degrees  of  freedom  from  the 
system.  Equation  (16)  constitutes  a  constraint  of  three 
degrees,  therefore  (14)  with  (16)  and  (18)  completely 
specify  the  system.  The  constraints  may  be  specified 
in  the  form  of  relative  division  of  load  between  power 
houses  with  equality  of  voltage ;  these  specifications 
alone  constitute  an  additional  constraint  of  six  degrees 
and  therefore  the  power-factors  would  be  determined 
by  the  relations  in  the  network. 

The  above  relations  are  possible  when  the  supply 
stations  are  completely  independent,  but  quite  frequently 
the  supply  stations  are  fed  from  an  external  source,  by 
means  of  motor-generators  or  other  transforming  ap- 
paratus. These  factors  will  introduce  constraints  into 
the  .system  independent  of  those  imposed  by  the  net- 
work, which  will  depend  in  part  upon  the  character  of 
the  transforming  apparatus.  The  voltage  and  current 
relations  at  the  supply  points  will,  in  these  cases,  be  less 
subject  to  arbitrary  control,  unless  provision  be  made 
by  means  of  regulators  or  phase  shifting  devices  to  re- 
gain the  freedom  lost  through  the  external  connections, 
■•".([uations  (13)  and  (14)  with  the  constraints  im- 
posed, may  be  solved  by  determinants  in  the  usual  way, 
but  for  most  work  it  will  be  found  less  troublesome  to 
use  the  method  of  progressive  approximation,  as  out- 
lined i)reviously,  or  the  values  of  load  current  may  be 
determined  arbitrarily  and  /„,  I,  and  /„.  obtained  by 
substituting  them  in  the  last  three  equations  of  (14), 
making  use  of  the  desired  constraints  as  indicated  for 
the  general  solution. 
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Maintenance  of  Magnet  Valves 


With  the  proper  attention  to  the  upper  and  lower  valve 
stems  of  magnetic  valves  used  with  electropneumatically- 
operated  switches,  the  valve  seats  should  last  tor  several  years. 
There  are  cases,  of  course,  when  the  valve  seats  become  so 
badly  worn  that  an  early  renewal  is  required. 


FIG.    I — TOOLS 
CAUSES    OF   VALVE    SEAT    WEAR: 

The  bushings  which  contain  the  valve  seats  are  made  from 
brass  rod  bought  according  to  prescribed  specifications,  so  that 
an  even  grade  of  material  can  be  obtained.  Although  other 
materials,  such  as  steel,  etc.,  would  give  a  greater  life  as  far 
as  wear  of  valve  seat  is  concerned,  brass  combines  both  quali- 
ties of  wear  and  ease  of  obtaining  a  satisfactory  ground  seat 
with  a  minimum  of  work.  This  can  readily  be  understood  by 
those  who  have  ground  in  compressor  valve  seats.  Since  brass 
is,  however,  a  relatively  soft  material,  the  continued  pounding 
of  the  valve  stem  would  soon  mash  the  seat  out  of  shape  if  the 
material  in  the  stem  was  too  hard.  To  prevent  this  the  stem 
is  made  of  bronze,  of  a  composition  only  slightly  harder  than 
the  valve  seat.  It  has  been  found  that  the  combination  of  brass 
seat  and  bronze  stem  gives  the  best  results  for  both  "grinding 
in"  and  wear. 


FIG.    2 — USE  OF   UPPF.R  V.M.VE   STF.M    SCRAPER 

When  it  becomes  necessary  to  make  extensive  repairs  to 
valve  seats  where  cutting  and  grinding  are  necessary,  the  valve 
magnet  should  be  removed  to  a  bench.  Before  taking  definite 
steps  with  the  repairing  of  valves,  a  complete  set  of  tools  should 
be  obtained.  A  number  of  the  tools  can  be  made ;  but  to  obtain 
the  best  results,  tools  similar  to  those  now  on  the  market  should 
be  used. 

EEPAIRING    OF    SLIGHTLY    WOEN    BUSHINGS    AND    STEMS: 

Valve  bushings  which  have  become  leaky  and  which  cannot 
be  ground  in,  can  easily  be  repaired  by  first  resetting  the  seats 
with  the  set  shown  in  Fig.  i  (e)  and  then  cutting  them  to  shape 
with  the  cutter  in  Fig.  i  (b).  The  upper  valve  stem  should  be 
trimmed  with  the  tool  in  Fig.  i  (d)  and  the  lower  valve  stem 
with  the  tool  in  Fig.  l  (c).  Figs.  2  and  3  show  the  use  of  these 
tools. 


The  uses  of  the  valve  set  and  shapes  are  shown  in  Figs. 
4  and  5.  When  setting  and  shaping  the  lower  valve  seat  it  is 
necessary  to  have  a  guide  for  the  tools.  This  is  easily  obtained 
by  drilling  a  hole  in  a  spare  lower  valve  nut,  slightly  larger 
than  the  diameter  of  the  tools.  Figs.  4  and  5  show  this  hole 
in  the  nut. 


i — LSK    Of    I.OWKR    VALVE    STEM    SCRAPER 


BEPLACING    BADLY    WOEN    VALVE    BUSHINGS: 

When  replacing  a  worn  bushing  first  dismantle  the  magnet 
by  removing  the  top,  armature,  core  and  coil.  Drive  out  the 
old  bushing  from  the  bottom  valve  side,  and  drive  in  the  new 
bushing  from  top.  New  bushings  are  supplied  with  a  small 
drilled  hole  for  the  ports  which  must  be  drilled  out  to  the  same 


^ 


FIG.    5 — USE     OF     VALVE     SEAT  FIG.   8 

SCRAPER  USE   OF    VALVE    SEAT    SET 

size  as  the  old  bushing  after  the  new  bushing  is  in  place.  Be 
careful  not  to  drill  all  the  way  through  the  bushing,  as  there 
is  usually  a  difference  in  the  exhaust  and  inlet  ports. 
After  the  ports  have  been  drilled,  the  valve  seats 
should  be  cut  with  the  tool  shown  in  Fig.  1  (b). 
There  are  some  valve  magnets  which  have  the  bush- 
ing driven  in  from  the  bottom.  When  removing 
such  a  bushing,  it  must  be  driven  out  from  the  top 
with  a  special  hardened  drift. 

GRINDING   OF   VALVE    SEATS: 

.A.fter  the  valve  seats  have  been  reamed,  whether  for  slightly 
worn  or  new  bushings,  it  is  necessan,'  to  grind  the  valve  stem 
into  the  seat  for  an  air  tight  fit.  The  most  satisfactory  results 
are  obtained  as  shown  in  Fig.  10.  With  this  arrangement  both 
valve  seats  can  be  ground  from  above  by  turning  the  valve 
magnet  upside  down.  It  is  also  possible  to  test  the  condition 
of  the  valve  seat  with  the  air  on.  When  using  this  device,  the 
air  passage  to  the  cylinder  should  be  plugged  if  the  cylinder 
has  been  removed.  In  grinding  the  valve,  the  seat  is  covered 
with  a  thin  mixture  of  pumice  stone  and  oil.  The  valve  stem 
is  put  in  place  as  shown  in  Fig.  6  and  spun  back  and  forth  by 
some  such  method  as  is  shown  in  Fig.   11. 
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SETTING    or    VAiVE    STEMS: 


The  arrangement  of  the  upper  and  lower  valve  stems  in 
connection  with  the  valve  seat  bushing  is  shown  in  Fig.  7.    The 


-/Jirsc/f^/cf 


FIC.    6 — VALVE     STKMS    IN    PLACE 
FOR   GRINDING 


length  of  the  lower  vaK 
of  the  upper  and  the  lev 


stem  should  be  such  that  the  travel 
stems  to  seat  the  upper  valve  stem 


7 — USE   OF   TRAVEL   GAUGF. 


is  ^  inch.     This  travel  is  adjusted  by  means  of  the  special  c«p 
shown  in  Fig.  7.     The  cap  which  forms  part  of  the  set  of  tooli 


r  i^f/^fj/wm/re't 


cap  is  removed  and  the  gauge  screwed  on  in  its  place.  The 
thumb  screw  which  has  previously  been  turned  up,  is  then 
screwed  down  until  the  switch  closes.  Back  off  the  thumb 
screw  until  the  lower  valve  stops  blowing.  The  pointer  should 
have  made  one  complete  revolution,  showing  that  valve  stems 
had  traveled  32  inch  as  the  thumb  screw  has  32  threads  to  the 
inch. 


FIG.    () — USE  OF  CONDEMNING  GAUGE 

When  adjusting  the  upper  valve  stem,  use  a  gauge  such  as 
shown  in  Fig.  i  (g).  When  using  this  gauge,  remove  the  cap 
and  armature,  and  place  the  gauge  with  the  slot  marked  0.O08 
in.  down,  over  the  valve  stem  as  shown  in  Fig.  8.  If  the  lower 
valve  blows  or  the  switch  closes,  the  stem  is  too  long.  File 
off  the  top  of  the  stem  with  a  smooth  file.     In  order  to  file  the 


FIG.    10 — M    E    T    H    0    D      OF     APl'AKATUS       FOK       SPINNING       THE 
GRINDIXG   VALVE    SEAT  VALVE    STEM    BACK    AND    FORTH 

top  perfectly  flat,  it  would  be  well  to  use  a  jig  similar  the  one 
shown  in  Fig.  12.  Be  careful  not  to  cut  too  much  off  at  one 
time  before  trying  the  gauge,  as  a  stem  too  short  must  be 
peaned  out  or  thrown  away.  After  the  stem  has  been  shortened 
sufficiently  so  that  the  lower  valve  does  not  blow,  and  the  switch 
does  not  close  with  the  0.088  in.  gauge,  the  0.052  in.  gauge 
should  be  used  (this  is  the  slot  on  the  other  end  of  the  gauge 
shown   in    FIr.    i    (g).     The  switch  should   close  and   the   top 


FIG.  12 — JIG 

valve  should  not  blow.  If  the  top  valve  blows  the  top  valve 
stem  is  too  short.  The  stem  can  be  lengthened  by  peaning  with 
a  hammer.  After  any  change  in  the  valve  stem  due  to  filing  or 
peaning,  the  gauges  should  be  used.  The  .gauge  shown  in  Fig. 
I  (f)  is  used  when  condemning  a  valve  stem.  If  the  upper 
valve  blows  and  the  switch  does  not  close,  the  upper  valve  stem 
is  too  short  and  should  either  be  peaned  out  or  a  new  stem 
inserted. 

In  place  of  the  gauge  with  0.088  in.  and  0.052  in.  slots,  u.^e 
one  with  0.062  in.  and  0.026  in.  slots  in  the  same  manner  as 
is  shown  in  Fig.  I  (a).  It  has  a  thumb  screw  terminating  «t  f='P'a>"<;d  above.  The  condemning  gauge  is  fitted  with  a  O.020 
the  top  end  with  a  pointer.     In  using  this  gauge  the  regular      '"'  H    R.  Meveb 


FIG.   8— USE    OF    GAP    GAUGE 
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1773 — Transformek  Bank — Would  it  be 
advisable   to   install   a   five   kw   trans- 
former in  a  bank  of  two  30  kw,  one 
of  a  set  of  three  having  burned  out, 
and  was  cut  out,  then  the  remaining 
two  carried  the  load  fairly  well?       A 
fifteen   kw    being    available,   would   it 
be  good  practice  to  install  it  together 
with  the  two  30  kw?      R.o,  (Georgia) 
This    is    not   advisable,    as    the    small 
transformer   would   probably   burn   out. 
If  the  two  30  k.v.a.  transformers  in  open 
delta  have  sufficient  output  for  the  load, 
this    arrangement    is    satisfactory.        If 
not,    another    open    delta   bank    may   be 


FIG.  1773(a) 
connected  in  parrallel,  using  the  same  or 
a  different  size  of  transformers,  pro- 
vided the  impedance  of  the  two  banks 
is  not  too  far  different.  The  point 
of  the  V  in  both  banks  should  be  con- 
nected to  the  same  line  wire,  as  shown 
in   Fig.    (a).  j.B.G. 

1774 — Induction  Motor  Winding — 
Please  send  a  drawing  changing  a 
two-ph?fe  motor  to  three-phase,  mak- 
ing a  Y  delta  as  shown  in  Fig.  (a) 
so  as  to  avoid  splitting  groups. 

Vk'.H.C.     (CAL.) 

To  reconnect  a  two-phase  motor  for 
three-phase  operation,  without  breaking 
up  the  groups  of  coils,  take  for  example, 
a  six-pole,  two-phase  motor  which 
will  have  twelve  groups  of  coils 
and  reconnect  it  for  four  poles,  three- 
phase,  which  will  also  require  twelve 
groups  of  coils.  The  same  change 
could  be  made  for  any  multiple  of  six 
and  four  poles,  as  for  example  a  twelve- 
pole,  two-phase  motor  could  be  recon- 
nected as  an  eight-pole,  three-phase  mo- 
tor without  breaking  up  the  coil  groups. 
Both   the     primary  and     the  secondary 


fig.  1774(a) 
windings  .of  the  motor  would  have  to 
be  reconnected  in  case  the  motor  was 
of  the  phase-wound  rotor  type,  and  the 
change  could  not  be  made  if  either 
winding  was  a  wave  winding.  Such  a 
change  would,  however,  change  the 
chording  of  the  winding  and  corrections 
would  have  to  be  made  for  this,  as  de- 
scribed in  the  article  on  "Reconnecting 
Induction  Motors"  by  Mr.  A.  M.  Dud- 
ley, in  the  Journal  for  Feb.  1916     g.f.s. 


1775 — Magnetic  Center  of  Generator — 
I  would  like  to  know  the  proper 
method  of  determining  the  magnetic 
center,  that  is  the  point  which  the 
rotor  will  asume  if  allowed  to  find  its 
own  center,  of  a  1500  kw,  3  phase, 
1800  r.p.m.  steam  turbine  driven 
alternating-current  generator.  Can  it 
be  found  by  measuring  the  iron  of 
the  rotor  and  stator  and  if  so  how 
much  could  the  center  line  of  the 
rotor  iron  be  out  from  the  center  line 
of  the  stator  iron,  when  the  stator 
iron  measures  8  ft.  %  inches  and  the 
rotor  iron  8  ft.  outside  to  outside 
measurements.  If  the  generator  were 
run  as  a  synchronous  motor  and  al- 
lowed to  find  its  center  would  that  be 
correct  for  the  generator  under  full 
load?  e.e.s.   (ohio) 

In  assembling  a  turboalternator,  the 
vertical  center  line  of  the  stator  iron 
should  be  lined  up  with  the  center  line 
of  the  active  iron  of  the  rotor  and  the 
rotor  will  then  be  in  its  magnetic  center, 
provided  the  flux  density  is  equal  on 
both  ends  of  the  machine.  Unequal  flux 
densities  on  either  side  of  the  center 
line  may  be  caused  by  the  iron  being 
built  up  tighter  on  one  side  than  the 
other,  and  result  in  a  thrust  which  will 
throw  the  centers  out  of  line  when  run- 
ning, but  this  movement  is  so  slight 
that  it  can  be  taken  care  of  in  the  play 
of  the  bearing.  If  both  bearings  are  at 
the  same  elevation,  the  rotor  will  find 
its  true  magnetic  center  when  the  ma- 
chine is  run  as  a  synchronous  motor, 
and  will  not  change  between  no  load 
and  full  load.  Usually,  however,  the 
two  outboard  bearings  of  a  turbine 
driven  unit  are  slightly  elevated  in  order 
to  bring  the  two  faces  of  the  coupling 
parallel  to  each  other,  and  in  this  event, 
if  the  generator  were  run  as  a  syn- 
chronous motor,  the  rotor  would  drift 
toward  the  inboard  bearing  and  away 
from  its  magnetic  center.  s.l.h. 

1776 — Booster  Converter — Consider  a 
Qooo  volt  line  supplying  a  delta  pri- 
mary transformer  and  booster  type 
rotary  converter  rated  at  2000  kw, 
7400  amperes,  270  volts,  direct-current 
and  240  to  300  volts  direct-current 
with  aid  of  the  booster.  Suppose  this 
converter  is;  delivering  7400  amperes 
at  270  volts  with  the  booster  idle;  that 
IS,  on  neutral.  Disregarding  the  effi- 
ciency of  the  equipment,  the  current 
per  phase  of  the  line  would  be 
2000000  -^  (9000  X  173)  or  128.5 
amperes  approximately.  Now  suppose 
this  converter  is  used  to  deliver  7400 
amperes  at  300  volts,  the  booster 
operating  at  full  boost.  By  a  similar 
calculation,  the  current  per  phase  of 
the  line  would  be  2220000  (power 
delivered)  -^  (0000  X  1.73)  or  142.6 
amperes  approximately.  In  this  case 
the  current  in  the  line  is  14. i  amperes 
more  than  in  the  other,  or  219.5  kw — 
the  power  necessary  for  the  booster 
when  operating  at  full  boost.  If  the 
foregoing  is  correct,  pleasi:  explain 
how  and  what  parts  of  the  equipment 


this  extra  current  traverses,  and  what 
heating  eft'ects  it  will  have. 

C.D.B.    (ILL.) 

When  the  booster  is  acting  to  raise 
the  direct-current  voltage,  it  is  operating 
as  a  generator  (its  generated  voltage 
being  in  the  same  direction  as  the  cur- 
rent in  its  windings)  and  the  main  con- 
verter operates  as  a  synchronous  motor 
to  drive  it.  Assuming  a  constant  direct- 
current,  as  }'ou  have,  the  direct-current 
voltage  is  increased  (amount  of  boost). 
Therefore,  since  the  alternating-current 
voltage  applied  to  the  collector  rings  is 
unchanged,  an  additional  current  is 
drawn  from  the  alternating-current  side, 
as  you  have  deduced,  to  supply  the  in- 
creased direct-current  output.  This  ad- 
dititinal  current  traverses  the  trans- 
former, booster  and  main  converter 
windings,  without  being  commutated  to 
the  direct-current  side,  just  in  the  same 
way,  as  if  the  converter  were  operated 
as  a  synchronous  motor  (so  far  as  this 
additional  current  is  concerned.)  It 
has  the  effect  of  increasing  the  armature 
heating  of  the  converter.  The  average 
heating  of  the  entire  armature  winding, 
expressed  as  a  percentage  of  the  arma- 
ture heating  of  the  same  machine  when 
operated  as  a  direct-current  generator 
at  the  same  output,  at  any  amount  of 
buck  or  boost,  may  be  expressed  as 
follows: — 

\ ^ f        secant-  v 

16  (/  -h  /?) 

e  -a"  '^   ' 

where, 

B  =  amount  of  buck  or  boost,  in  per- 
cent. 
y  =  phase  angle  between  line  voltage 
and  line  current   (cos  y  =  P.F.) 
(p  =  number  of  collector  rings. 
e  =  efiiciency  including  booster  losses. 
Then,  the  increase  in  armature  heating 
for    this    particular    case     (assuming    a 
six-phase    machine,    unity    power-factor 
and    100   percent   efficiency)    is   approxi- 
mately eleven  percent.  M.w.s. 
1777 — Wire     Drawing — In     some     per- 
formance specifications  I  see  a  clause 
to    the    effect    that    "wire-drawing    = 
4.7  lb."     I  suppose  that  this  refers  to 
the  loss  in  steam  pressure  due  to  the 
steam  flowing  through  the  inlet  ports 
of  the  pump.     But  I  am  not  sure  as 
to  just  what  it  means.             h.b.  (mO.) 
The     word     "wire     drawing"     is     or- 
dinarily used  to  express  a  more  or  less 
sudden  pressure  drop  in  a  steam  piping 
system,  such  as  might  be  caused  by  an 
orifice    or    a    valve    of    restricted    area, 
causing  a   higher  velocity  at   this   point 
than  the  normal  velocity  in  the  piping. 
JT.J. 
1778  —  Shifting    Brushes    with    the 
Load    on     Non-Commutating    Pole 
Machines— Why  must  the  brushes  of 
a    direct-current    machine    be    shifted 
with    rotation    (lead)    on   a   generator 
and  against  rotation  (lag)  on  a  motor, 
and     why     should     the     commutating 
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poles  of  a  direcl-C'ir'-pnt  generator  be 
leading  and  of  a  motor  lagging? 

E.J.     (ILL.) 

The  reason  for  the  nci "ssity  of  shift- 
ing brushes  with  the  \-  ad  on  non- 
commutating  pole  machires  is  that  the 
current  in  the  armature  shifts  the  flux 
from  the  main  pole  to  one  side  of  its 
normal  no-load  position  and  it  is  neces- 
sary to  shift  the  brush  to  the  same  ex- 
tent that  the  field  is  shifted  in  crder  to 
keep  them  in  the  neutral  or  best  com- 
mutating  position.  The  explanation  of 
this  shifting  of  the  flux  is  discussed 
completely  in  an  article  on  "Armature 
Reaction  in  Direct-Current  Machines" 
by  R.  H.  Taber  in  the  Journal  for  Jan. 
'14,  p.  65.  The  reason  for  having  the 
commutating  pole  of  a  direct-current 
generator  of  opposite  polarity  from  that 
of  a  direct-current  motor  is  that  the 
current  in  the  armature  is  in  the  oppo- 
site direction  in  a  motor  and  in  a  gen- 
erator having  the  same  brush  polarities. 
The  function  of  a  commutating  pole  is 
to  provide  a  flux  which  will  reverse  the 
current  in  the  short-circuited  coil  dur- 
ing commutation,  .^nd  as  these  cur- 
rents are  in  opposite  directions  in  a 
motor  and  in  a  generator  it  is  obvious 
that  the  commutating  poles  must  be  of 
opposite  polarity.  c.R.R. 

1779  —  Horse- Power  of  Reconnected 
Motor — What  would  be  the  horse- 
power of  a  35  hp.  three-phase,  440 
volt,  igoo  r.p.m.  induction  motor,  the 
proper  stator  connection  of  which  is 
one  circuit  delta,  if  connected  one 
circuit  star,  and  would  it  have  a  tend- 
ency to  overheat  the  rotor  bars? 
What  would  be  the  horse-power  if 
connected  two  circuit  star? 

E.E.S.    (OHIO) 

If  this  motor  is  connected  one  circuit 
star  it  will  have  a  normal  voltage  rating 
of  1.73  X  440  volts  or  723  volts.  If 
connected  two  circuit  star  it  will  have 
a  normal  voltage  rating  of  one-half  the 
above  or  362  volts.  The  horse-power 
rating  of  the  motor  will  not  be  changed 
by  these  changes  in  connection,  provided 
a  suitable  voltage  is  applied  to  the 
motor.  If,  however,  the  motor  is  run 
on  440  volts,  its  operation  will  be  qu'te 
unsatisfactory  with  either  of  the  above 
connections.  The  effect  of  operating  a 
motor  at  incorrect  voltage  is  given  in  an 
article  on  "The  Effect  of  Voltage  or 
Frequency  Variation  on  Induction  Motor 
Characteristics"  by  Mr.  L.  W.  Smith, 
published  in  the  Journal  for  March  '17, 
p.  105.  In  general  the  effect  of  operat- 
ing on  increased  voltage  is  to  increase 
the  core  loss,  magnetizing  current  and 
torque  almost  with  the  square  of  the 
voltage  and  to  decrease  the  slip  or 
copper  loss  almost  in  proportion  with 
the  square  of  the  increase  of  volta.ge. 
The  effect  of  operating  on  reduced 
voltage  is  exactly  the  opposite  of  the 
above,  the  particular  effect  being  that 
the  copper  loss  is  greatly  increased  and 
the  torque  and  speed  considerably  re- 
duced. C.R.R. 

1780 — Phase  Spliiter — I  wish  to  split 
a  single-phase,  no  volt,  25  cycle  cir- 
cuit into  a  two-phase  circuit  fi,r  run- 
ning a  two-phase  motor.  The  motor 
is  %  hp,  25  cycle  two  pole,  no  volt 
squirrel-cage.  I  wish  to  use  a  con- 
denser in  series  with  one  phase  to 
displace  the  currents  in  the  two  phases 
by  the  necessary  go  degrees  angle. 
Please    let    me    know    what    capacity 


condenser  it  will  require  to  handle  the 
current    in    one    phase    at    full    motor 
load  and  show  method  of  arriving  at 
the  result.     The  object  of  splitting  the 
phase  is  not  for  starting  only  but  for 
rumiing  the   motor  at    full  load  as  a 
regular  two-phase  motor.     Apart  from 
the   cost   and   space   taken    up   by   the 
condenser,    is   there   any   objection    t<'> 
this  arrangement?        j.H.s.  (Ontario) 
It   would   not   be    feasible   to   attempt 
running   a    %    hp,   25   cycle,   two-phase, 
no  volt  motor  from  a  single-phase  cir- 
cuit by  using  a  condenser  in  series  with 
one  phase.     A  condenser  for  no  volts, 
25  cycles,  of  sufficient  capacity  to  allow 
much  current  to  flow  would  be  out  of 
all    reason    in    size.     Unless    the    phase 
displacement  is  very  close  to  90  degrees 
the  loss  would  be  large  and  cause   ex- 
cessive   heating,    because    it    takes    very 
little  phase  unbalancing  in  a  circuit  to 
increase  the  losses  in  the  motor  greatly. 
This   would   not   be   serious,   of   course, 
if    the   condenser   circuit   was   used    for 
starting  only.     For  the  case  in  question 
we  would   suggest  using  a  resistance  in 
serie-;    with    one    of    the    motor   phases, 
open  circuiting  this  phase  after  the  motor 
has   come   up   to   speed.     The   resistance 
may  be  best  determined  by  experiment. 
There  arc  so  many  variables  in  such  a 
calculation    that   any   simple   method   of 
calculation  we  might  give  would  be  of 
little     value.     Any    calculation     of     this 
sort   involves   a  knowledge  of  the  con- 
stants (resistance  and  reactance)  of  the 
motor  in  question  as  well  as  the  speci- 
fication   for    the    winding,    whiiji    i«    in 
most  cases  not  available.  g.hg. 

,781 — Insul.\tion  for  Outmoor  Wires  -- 
Is  there  any  difference  in  the  insula- 
tion which  should  he  required  on  600 
volt  and  2200  volt  wires  which  are  to 
be  installed  outdoors,  overhead? 

M.J.I.     (DC.) 

The  National  Electrical  Code  re- 
quires that  that  portion  of  the  service 
wires  between  the  main  cutout  and 
switch  and  the  first  support  from  the 
cutout  or  switch  on  the  outside  of  the 
building  must  have  an  approved  rubber 
insulating  covering,  but  from  the  above 
mentioned  support  to  the  line,  except 
when  run  in  conduit,  may  have  an  ap- 
proved weather  proof  insulating  cover- 
ing if  kept  free  from  awnings,  swing- 
ing signs,  shutters,  etc.  The  rubber  in- 
sulated wire  referred  to  here  must  be 
insulated  according  to  the  voltage  of 
the  circuit.  That  is,  for  2200  volts  it 
would  have  a  thicker  insulation  than  for 
a  600  volt  circuit.  The  weatherproof 
wire  is  made  with  one  thickness  of  in- 
sulation   for   all   voltages.  d.h. 

1782— Paralell     Operation     of     Com- 

POUND-WOUND  CoMPENSATFJ)  GENERA- 
TORS— I  have  two  250  volt  direct- 
current  generators  that  I  wish  to  run 
in  parallel.  One  is  a  150  kw  com- 
pound-wound Goodman  and  the 
other  is  a  200  kw  Ridgeway  with  a 
compensating  winding.  In  wiring 
up  these  machines  should  there  be 
an  equalizing  connection  between  the 
series  winding  and  the  armature  of 
the  Goodman  machine  and  between 
the  compensating  winding  and  the 
armature  of  the  Ridgeway  machine 
as  is  usually  the  case  when  both  ma- 
chines are  compound  wound,  or 
should   the   compensating   winding   on 


the  Ridgeway  be  treated  as  part  of 
the  armature,  as  is  the  case  with  a 
commutating  pole  machine,  thereby 
eliminating  the  equalizer  wire?  If 
it  is  necessary  to  have  an  equalizing 
wire  is  it  necessary  to  insert  resis- 
tance in  the  ■series  field  circuit  of  the 
Goodman  machine  so  as  to  adjust  the 
division  of  load  on  the  two  machines? 
What  effect  would  it  have  if  the  above 
resistance  was  inserted  in  the  equal- 
izing wire  between  the  two  machines 
in  place  of  the  series  field  circuit? 
E.M.  (mo.) 

Ridgeway  generators  are  sometimes 
provided  with  series  field  windings,  in 
which  case  the  compensating  winding 
has  no  compounding  effect.  The  prob- 
lem of  paralleling  such  a  machine  with 
another  is  the  same  as  with  an  ordinary 
machine,  the  equalizer  connection  being 
made  between  the  compensating  and 
series  field  windings.  It  appears  more 
likely  in  the  present  instance  that  no 
series  winding  has  been  provided,  and 
that  the  compensating  winding  is  ar- 
ranged to  give  voltage  compounding. 
The  following  statements  are  on  this 
basis.  The  first  thing  to  do  in  ad- 
justing these  machines  for  parallel  op- 
eration is  to  make  the  change  in  voltage 
from  no  load  to  full  load  approximately 
the  same  with  each  generator  acting 
alone.  A  slight  degree  of  adjustment 
probably  can  be  obtained  by  shifting  the 
brush  rigging  of  the  Ridgway  or  the 
Goodman  generator;  but  this  adjust- 
ment likely  will  have  to  be  secured  by 
shunting  current  from  the  series  wind- 
ing of  the  Goodman  generator  if  the 
latter  has  the  greater  compounding ;  or, 
if  the  compounding  of  the  Ridgway  gen- 
erator should  be  reduced,  this  may  be 
done  by  increasing  the  speed  regulation 
of  this  unit  by  means  of  engine  gover- 
nor adjustments.  Then,  the  voltage 
drops  (from  equalizer  terminal  to  main 
bus  bar)  over  the  series  field  circuit  of 
the  Goodman  machine  and  the  compen- 
sating winding  of  the  Ridgway  machine, 
with  full  load  and  the  generators  act- 
ing independently,  should  be  made  ap- 
proximately the  same.  This  may  re- 
quire inserting  a  resistance  in  series  with 
the  one  circuit  or  the  other.  It  should 
not  be  connected  inside  the  series 
field  or  compensating  field  shunts,  if 
such  are  used.  An  equalizer  cable  is 
required  in  general,  and  this  equalizer 
connection  on  the  Ridgeway  generator 
should  be  made  between  the  armature 
and  the  compensating  winding.  To  se- 
cure stable  parallel  operation,  it  is  neces- 
sary that  momentary  swings  of  load 
from  one  armature  to  the  other,  do  not 
result  in  corresponding  changes  in  the 
series  field  currents.  This  requirement 
will  be  more  fully  met.  the  lower  the 
equalizer  resistance.  For  this  reason, 
resistance  should  not  be  inserted  in  the 
equalizer  to  adjust  the  division  of  load 
between  the  machines.  If  both  gen- 
erators are  adjusted  to  undercompound, 
successful  multiple  operation  without 
equalizer  can  likely  be  obtained.  In 
such  a  case,  no  attention  need  be  paid 
to  the  question  of  making  the  compen- 
sating field  and  series  field  drops  equal. 
The  foregoing  statements  are  general 
suggestions  only.  For  more  definite 
information,  the  manufacturers  should 
be  consulted.  F.UM. 
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The  fundamental  object  of  the  As- 
sociation of  Iron  and  Steel  Electrical 
Engineers  has  always  been  the  ad- 
vancement of  the  art  of  applied  elec- 
trical engineering  in  the  steel  mills 
and  allied  industries.  This  object  is  being  carried  out 
more  and  more  effectively  under  the  direction  of 
technical  committees  and  by  means  of  technical  discus- 
sions, both  in  the  section  meetings  and  in  the  annual 
convention.  By  this  interchange  of  experience  each 
member  receives  some  benefit  from  his  connection  with 
the  association.  The  total  amount  of  this  benefit  is  de- 
pendent not  only  on  what  others  do  but  largely  on  what 
each  one  does  himself.  That  the  Association  is  being 
appreciated  more  and  more  is  shown  by  the  continually 
increasing  interest  taken  by  members  in  the  work  of  the 
Association,  which  in  the  last  analysis  has  to  do  with 
the  affairs  of  the  steel  mills,  shops,  foundries  and  allied 
industries. 

This  year  the  association  is  to  hold  its  annual  con- 
vention in  St.  Louis,  September  22nd  to  26th.  The 
convention  committee,  with  Mr.  A.  H.  Swartz  as  chair- 
man, has  completed  arrangements  for  the  accommoda- 
tion of  Association  members  and  is  very  enthusiastic 
over  the  wonderful  co-operation  of  the  St.  Louis 
Chamber  of  Commerce  and  the  local  steel  and  electrical 
men.  As  an  additional  feature,  an  exhibition  room  ad- 
joins that  in  which  the  meetings  will  be  held,  and  from 
present  indications  the  exhibits  will  be  well  worth  while. 

The  Association  is  especially  proud  of  its  members 
who  were  "over  there",  doing  their  bit  for  the  cause 
of  right,  and  will  take  great  pleasure  in  welcoming 
them  home  as  they  return  to  us,  each  with  a  new  story 
and  a  bigger  and  better  idea  of  the  duty  of  the  elec- 
trical engineer  to  his  country,  to  his  company,  to  his 
association  and  to  himself. 

The  work  of  the  past  year  has  been  quite  satis- 
factory, both  from  the  standpoint  of  accomplishment 
and  quality.  Mr.  J.  F.  Kelly  as  permanent  secretary, 
in  his  first  year,  has  more  than  fulfilled  the  best  hopes 
of  the  exponents  of  the  idea,  and  through  his  efforts 
the  effectiveness  of  the  Association  is  increasing  every 
month.  The  work  of  the  sections  has  been  better  than 
ever  before,  and  is  rapidly  becoming  one  of  the  most 
important  phases  of  the  Association's  activity.  The 
Philadelphia,  Cleveland  and  Chicago  sections  all  had  a 
very  successful  year.  The  papers  presented  before 
these  sections  have  been  of  a  high  technical  character 
and  the  discussions  broad  and  interesting.  A  new  sec- 
tion was  organized  at  Birmingham,  Alabama,  in  Marcii 
and  has  held  one  session.  They  are  fully  organized  ic 
start  work  this  fall  and,  from  the  large  number  of  en- 
thusiastic members,  a  very  successful  year  is  predicted. 


The  by-laws  governing  the  organization  and  opera- 
tion of  sections  have  been  completely  revised,  makiiij; 
the  term  of  section  officers  begin  iniiiiediately  after  the 
last  meeting  held  in  the  spring. 

The  officers  of  the  sections  are  as  follows: — 
CuAiRM.AN  Secretary 

Chicago  Section    W.  S.  Hall  F.  H.  Semple 

Cleveland  Section  . . .  .R.  D.  Nye J.  W.  Spear 

Birmingham  Section    J.  E.  Fries F.  M.  Sturgiss 

Philadelphia  Section  "F.  H.  Woodhull Lynn  O.  Morrow 

The  regular  monthly  meetings  of  the  association 
held  in  Pittsburgh  and  Youngstown  this  year  were  well 
attended  and  the  papers  presented  up  to  the  usual  high 
standard.  The  meeting  at  Youngstown  deserves  special 
mention,  as  it  was  made  possible  through  the  courte.-,y 
of  the  Brier  Hill  Steel  Company.  After  spending  the 
greater  part  of  the  day  inspecting  their  new  plate  mill, 
a  general  discussion  was  held  in  the  evening.  This 
discussion  covered  all  points  of  the  mill  and  the  mem- 
bers in  attendance  not  only  asked  questions,  but  also 
offered  suggestions  as  to  the  operation  of  the  plant. 

The  committee  work  of  the  Association  has  been 
of  a  high  standard.  Special  mention  should  be  made 
of  the  safety  committee,  the  educational  committee,  the 
standardization  committee  and  the  editing  and  papers 
committee.  Each  have  performed  their  work  well  and 
have  aided  materially  in  raising  the  standard  of  as- 
sociation activities.  The  membership  of  the  associ.i- 
tion  has  increased  during  the  year  and  the  1000  mark 
will  probably  be  passed  before  January  1920. 

.\mong  the  innovations  of  the  year  is  the  monthly 
publication  which  carries  the  news  of  the  Association 
as  well  as  those  papers  presented  in  the  various  sections 
which  have  been  passed  by  the  editing  committee.  This 
monthly  edition  is  to  be  greatly  enlarged  during  the 
coming  year  and  will  be  a  great  help  in  getting  papers 
to  the  members  more  promptly  than  would  otherwise 
be  possible.  D.  M.  Petty, 

President, 

Assoc,   of   Iron   anJ   Steel   Eleitru-al   Engineers. 


Within    the    brief    period    of    fifteen 
Motor-Driven     years,  steel  mill  electrification  has  de- 
Steel  Mills        veloped  to  a  remarkable  degree.     To 

date,  the  list  of  motor-driven  mills 
totals  approximately  600,  with  a  maximum  of  more 
than  900  000  horse-power  and  includes  practically 
every  type  and  size  of  steel  mill.  Though  the  capacity 
of  the  motor-driven  mills  is  probably  not  more  than  25 
percent  of  the  total,  it  is  significant  that  a  number  of 
large  plants  are  electrified  almost  100  percent,  and  the 
majority  of  the  mills  installed  during  the  last  five  years 
use  electric  drive. 

The  advantages  of  motor  drive  have  greatly  in- 
creased during  the  last  five  years  with  the  gradual 
change  of  working  conditions,  such  as  labor  and  price 
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of  nialerials,  and  with  the  increased  demand  for  steel 
products,  regarding  both  quantit}'  and  quahty. 

Much  attention  has  been  given  to  phmt  design, 
management  and  operation  to  encourage  the  develop- 
ment of  scientific  methods,  accuracy  and  general  effi- 
ciency of  plant  operation.  The  "Safety  First"  idea  is 
a  matter  of  prime  importance  and  has  been  of  great 
benefit  both  to  steel  workers  and  steel  companies. 

Motor  drive  assists  in  making  a  plant  a  model  one 
in  every  respect.  Cleanliness,  the  absence  of  noise,  the 
suitability  of  the  motor  characteristics  for  the  work- 
ing conditions,  its  reliability  and  the  very  limited  at- 
tention required,  alone  are  sufficient  to  warrant  its  first 
consideration  in  the  building  of  a  new  mill  or  the  im- 
provement of  an  existing  plant.  But  these  features  are 
quite  secondary  to  the  main  advantages  namely : — lov/er 
power  cost ;  increased  production ;  and  the  facilities  of- 
fered for  improvement  of  power  conditions  throughout 
the  plant. 

Much  has  been  said  concerning  individual  mill  im- 
provement as  obtained  by  motor  drive,  but  the  most 
value  and  greatest  return  on  the  investment  are  only 
realized  when  the  plant  as  a  whole  is  electrified.  The 
price  of  power  is  reduced  to  a  remarkable  degree  with 
increased  size  of  central  power  plant  or  the  purchase 
of  large  blocks  of  power,  and  labor  and  the  general  ex- 
pense of  maintenance  are  decreased  in  many  cases  more 
than  fifty  percent  and  plant  operation  generally  im- 
proved, with  the  very  minimum  of  delays  due  to  failure 
of  apparatus  or  lack  of  proper  capacity  or  other  limita- 
tions. These  facts  are  becoming  well  recognized  and 
there  is  evidence  that  the  electrification  of  steel  mills 
will  now  be  carried  on  according  to  a  well-defined  policy 
of  broad  plant  development,  including  plans  for  several 
years  in  the  future. 

The  large  central  power  plant,  (and  this  means 
40000  to  75000  kw)  and  the  use  of  large  amounts  of 
power  from  central  station  companies,  are  soon  to  be 
realities.  With  this  development  will  come  practically 
the  universal  use  of  motors,  for  under  these  conditions 
the  first  cost  of  installation  and  cost  of  operation  will 
be  so  greatly  in  favor  of  the  electric  drive  that  the  use 
of  steam  power  will  be  practically  prohibitive. 

In  the  past  but  little  attention  has  been  given  to  the 
c|uestion  of  rehabilitation  of  existing  mills.  The  first 
cost  of  the  installation  has  been  considered  high,  as  it 
included  a  considerable  charge  for  the  power  plant. 
Today  this  item  is  rapidly  becoming  of  minor  import- 
ance as  the  complete  plant  system  of  electrification  is 
developed. 

The  present  is  a  period  when  improvements  of  ex- 
isting mills  warrant  fullest  consideration.  Many  plants 
may  not  deem  it  advisable  to  add  materially  to  their 
output,  as  the  expense  of  adding  to  all  departments  may 
not  be  desirable.  Improved  plant  efficiency,  with  lower 
cost  of  production,  however,  are  matters  of  particular 
concern,  with  labor  conditions  rather  unsettled,  price 
of  material  high  and  general  business  prospects  not 
above  average.     Perhaps  it  would  be  a  good  plan  to 


plot  a  curve  showing  the  actual  working  capacity  of  the 
various  departments  of  the  mill  and  of  the  machinery 
;ind  see  just  what  classification  should  be  made  regard- 
ing the  changes;  also  the  lime  required  to  build  and  in- 
stall such  improvements. 

The  main  drive  is  often  the  limiting  factor  of  the 
mill  capacity.  The  unit  may  have  outlived  its  useful- 
ness, being  badly  worn  and  unsuited  for  the  present  day 
mill  requirements.  It  is,  in  any  event,  taking  a  great 
deal  more  steam  than  is  required  for  electric  drive. 
In  the  average  case  for  a  reversing  mill  this  amount  is 
more  than  100  percent.  Since  it  requires  several 
months  to  build  and  install  a  motor  unit  for  a 
mill  of  large  size,  it  seems  advisable  to  give  this  item 
present  consideration. 

Orders  for  two  units  have  recently  been  placed  for 
reversing  equipment  which  will  supersede  engine  drive 
on  existing  reversing  blooming  mills.  There  never  was 
a  period  when  a  saving  in  power  costs  represents  such  a 
large  return  on  the  investment  as  at  present,  especially 
in  the  case  of  reversing  mills,  and  undoubtedly  there 
are  many  existing  mills  of  various  types  that  could  be 
greatly  improved  by  electric  drive. 

The  activities  of  the  Association  of  Iron  &  Steel 
Electrical  Engineers  have  been  a  material  factor  in  the 
rapid  development  made  in  steel  mill  improvements 
during  the  last  few  years,  as  electricity  has  played  a 
most  important  part  in  the  advancement  made.  A  great 
deal  can  be  accomplished  in  the  improving  of  existing 
plants  and  the  work  of  the  Association  will  be  par- 
ticularly helpful  in  this  general  plan  of  rehabilitation. 

Brent  Wiley 


Electrical 
Development 

in  the 

Iron  and  Steel 

Industry 


Advancement  in  the  application  of 
electricity  to  the  iron  and  steel  indus- 
try has  been  so  marked  and  so  rapid 
that  one  is  prompted  to  call  it 
"phenomenal".  This  remarkable 
growth  and  the  use  of  this  form  of 
energy  for  every  drive  in  this  industry  has  been  brought 
about  for  three  reasons,  namely: — Economics;  flexi- 
bility of  application;  the  Association  of  Iron  and  Steel 
Electrical  Engineers. 

The  first  two  reasons  will  be  admitted.  The  third 
one  immediately  creates  the  question  as  to  whether  or 
not  this  statement  is  too  broad  and  requires  definition. 
The  membership  of  this  Association  has  contributed  five 
thousand  pages  of  both  technical  and  practical  reading 
matter,  which  we  feel  has  been  largely  instrumental  in 
assisting  in  the  development  of  the  iron  and  steel  and 
allied  industries  to  the  highest  state  of  electrical  per- 
fection, and  has  helped  both  to  reduce  costs  and  to  in- 
crease production. 

Twenty  years  ago  the  steel  industry  boasted  of  a 
few  scattered  auxiliary  electrical  drives.  Today,  more 
than  500  main  rolls  are  electrified,  including  reversing 
blooming  mills,  billet  and  bar  mills,  plate  mills,  sheet 
mills,  rod  mills,  merchant,  wire,  structural  and  rail 
mills,  while  the  auxiliarv  drives  number  over  a  million. 
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We  know  of  only  one  instance  during  the  last  year 
ill  the  selection  of  a  main  roll  drive,  where  the  electric 
driven  mill  was  not  given  preference.  Probably  initial 
cost  determined  this  type  of  drive. 

Some  of  the  phases  of  the  electrical  advancement 
in  the  iron  and  steel  mills  which  have  recently  come  to 
the  writer's  attention,  and  which  he  feels  are  worthy  of 
mention  are,  briefly : — 

The  installation  of  a  remote  control  substation  operat- 
ing without  attendants  which,  if  adopted  by  one  corporation 
alone  as  a  standard,  would  mean  an  annual  saving  of  pos- 
sibly a  million  dollars. 

A  meter  that  measures  gas  electrically,  which  will  not 
only  help  to  produce  quality  pig  iron  but  also  quantity. 

Blast  furnace  skip  hoists  driven  by  alternating-current 
motors. 

Direct  connected  motors,  driving  blooming  mill  shears, 
using  no  fly  wheel. 

Electric  furnaces   for  reducing  ferro-alloys. 

The  installation  of  magnetic  control  in  a  pulpit  arrange- 
ment whereby  one  operator  may  have  complete  control  of 
all  the  motors  driving  an  entire  finishing  mill. 

Electrically-operated  tractor.s, 

The  successful  installation  of  a  loop  power  transmission 
system  which  is  operating  with  the  highest  degree  of  effi- 
ciency and  satisfaction. 

J.  F.  Kelly, 

Secretary, 

Assoc,   of  Iron  i-   Steel  Electrical  Engineers. 

There   are   two   principal   periods   or 

Ihirty    /ears      stages    in    any    tield   of    engineering; 

of  Service  to      ^^^.^^^    ^j^^    pioneer    stage,    which    is 

Electrical  largely   one   of   cut-and-try   methods, 

n  us  ry  second,    the    analytical    stage,    which 

follows  sooner  or  later  and  which  is,  in  certain  ways, 
vastly  more  difficult.  The  pioneer  period  is  usually  the 
more  spectacular  one  and  not  infrequently  large  repu- 
tations are  built  upon  relatively  small  accomplishments. 
The  analytical  period,  while  less  spectacular,  is  often 
the  time  of  true  development,  odds  and  ends  of  the 
earlier  period  being  brought  together,  along  with 
further  developments  and  combined  into  methods  and 
machinery,  so  to  speak,  which  enable  the  engineer,  from 
his  analysis,  to  predict  hitherto  unknown  results. 

The  types  of  men  who  have  succeeded  in  each  of 
these  fields  or  periods  are,  in  general,  quite  different. 
Looking  back,  few  of  those  who  were  prominent  in  the 
earlier  cut-and-try  stage  have  continued  when  the 
analytical  period  was  really  entered  and,  in  the  same 
way,  many  of  the  most  successful  analytical  engineers 
have  appeared  since  the  pioneer  stage.  Apparently, 
the  characteristics  required  for  success  in  the  two 
stages  of  development  are  quite  dissimilar.  In  the 
electrical  field,  occasionally  an  engineer  has  been  quite 
successful  in  both  periods.  Possibly  this  is  because  he 
lias  been  primarily  of  the  analytical  type,  lending 
strongly  toward  the  methods  of  the  later  period,  but  has 
happened  to  begin  his  career  during  the  early  exper- 
imental period.  In  other  words,  he  was  out  of  his  time 
at  the  beginning  instead  of  at  the  end  of  his  career. 

Thirty  years  ago,  such  a  young  engineer  came  to 
Pittsburgh  and  began  a  busy  career  which  has  made  him 
known  the  world  over.  Mr.  Benjamin  G.  Lamme, 
Westinghouse  chief  engineer,  now  in  the  prime  of  his 


active  service  in  the  industry,  began  work  in  the  test 
room  of  the  Westinghouse  Company  in  1889  and  his 
earliest  endeavors  were  along  experimental  lines,  as 
was  all  such  work  in  those  days.  During  the  next  year 
he  was  using  mathematical  analysis  to  a  certain  extent 
in  carrying  on  his  work,  and  in  the  following  few  years, 
developed  methods  of  calculation  and  analysis  which 
are  used  most  extensively  in  the  entire  organization  at 
the  present  day.  This,  therefore,  classifies  hiin  at  once 
as  belonging  to  the  present  or  analytical  period  and  all 
of  his  later  work  strengthens  this  opinion,  although 
some  of  his  earlier  inventions  still  stand  out  prominently 
in  the  popular  recollections. 

In  the  first  two  or  three  years  of  his  service  with 
the  Company,  he  wrote  inany  technical  papers  for  the 
use  of  his  co-workers  and  assistants,  but  it  was  not  un- 
til 1897  that  he  began  to  prepare  technical  papers  for 
the  public.  In  that  year,  his  first  published  technical 
paper  was  presented  before  the  National  Electric  Light 
Association  Convention  at  Niagara  Falls.  This  was  his 
well-known  paper  on  "The  Polyphase  Motor",  which 
has  since  been  printed  and  reprinted  many  times  to 
meet  the  demand  for  a  technical  discussion  of  a  non- 
mathematical  type,  which  would  give  a  clearer  insight 
into  this  difficult  subject.  This  paper  was  followed  dur- 
ing the  next  few  years  by  others  for  various  engineer- 
ing and  technical  societies  and  for  engineering  journals. 
These  papers  excited  considerable  interest  and  a  num- 
ber of  them  have  been  reissued  in  pamphlet  form  in 
order  to  meet  the  continued  demand.  However,  in 
general,  his  papers  have  been  scattered  in  various  pub- 
lications so  that  very  few  have  had  the  opportunity  to 
read  more  than  a  liinited  number  of  them. 

In  vi:w  of  this  fact,  the  Westinghouse  Company, 
as  an  expression  of  its  appreciation  of  Mr.  Lamrne's 
thirty  years'  continuous  service,  arranged  to  collect  his 
most  valuable  technical  papers  in  one  volume  which 
would  be  made  available  to  the  public  at  a  very  nominal 
cost  for  a  work  of  this  character  and  size.  This  book, 
entitled  "Electrical  Engineering  Papers"  contains 
thirty-one  complete  articles,  totalling  773  pages,  all 
of  which  are  quite  readable  by  the  average  engineer, 
due  to  the  absence  of  visible  mathematics  as  well  as  the 
clarity  of  expression  of  the  author.  Practically  all  of 
the  articles  are  of  an  educational  nature,  the  last  two 
in  the  volume  covering  in  particular  matters  of  engi- 
neering education.  There  are  also  included  several 
historical  papers  covering  early  history  and  data  which 
is  not  available  elsewhere. 

Mr.  Lamme  has  for  years  personally  supervised  the 
training  of  a  number  of  young  engineers,  and  has  taken 
great  interest  in  their  development.  Such  personal  at- 
tention must  necessarily  be  limited  to  a  few  and  it  is 
therefore  believed  that  the  publication  of  the  present 
book  will  be  of  great  benefit  to  the  younger  generation 
of  engineers,  by  placing  them  in  close  contact  with  the 
methods  of  thinking  and  ways  of  attacking  the  many 
problems  which  have  been  solved  by  this  eminent  en- 
gineer. A.  H.  McIntire 
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THE  electric  furnace  is  an  old  and  well  known  in- 
vention. However,  it  has  attained  commercial 
importance  only  in  the  past  25  years,  and  for 
steel  making,  its  commercial  importance  in  America 
dates  back  no  further  than  about  six  years. 

In  1800,  Dr.  Volta  invented  the  electric  battery  and 
Sir  Humphrey  Davey  began  experimenting  with  elec- 
tric arcs  and  the  electric  furnace,  in  a  miniature  way, 
and  continued  to  1810.  In  1815,  Pepys,  an  Englishman, 
built  an  electric  furnace  and  converted  wrought  iron 
into  steel  by  the  cementation  process,  using  electric  heat. 
In  1839,  Robert  Hare  of  Philadelphia,  made  an  electric 


known  as  a  Siemens  furnace,  and  consisted  of  a  carbon 
electrode  projecting  down  into  .1  graphite  crucible  con- 
taining the  charge.  Direct  current  was  used,  developed 
from  an  individual  generator  of  variable  voltage.  In- 
deed, all  initial  furnace  experiments,  both  in  this  coun- 
try and  abroad,  were  made  with  direct-current. 

Cowles,  of  Lockport,  N.  Y.,  in  1885,  made  a  double 
carbon  electric  furnace  and  produced  aluminum-copper- 
steel  and  other  alloys  from  their  ores. 

In  1886  the  invention  of  the  aluminum  furnace 
was  made  simultaneously  by  Hall  in  America,  and 
Heroult,  in  France.     This  furnace  was  heated  by  what 


FIG.    1 — THREE    TON    ELECTRIC    STEEL    FOUNDRY    FURNACE,    SWITCHBO.\RD   .XND   REGULATORS 


furnace  and  produced  calcium  carbide  therein  in  a  small 
way,  and  he  also  graphitized  carbon.  All  of  these  ex- 
periments were  with  battery-generated  power,  very  ex- 
pensive and  obtainable  in  small  quantities  only. 

The  year  1867  saw  the  invention  of  the  dynamo 
electric-generator,  which  immediately  made  available 
larger  supplies  of  cheaper  electric  power,  which  greatly 
enlarged  the  field  for  experiments.  William  Siemens 
of  London,  in  1878,  read  a  paper  before  the  Society  of 
Telegraph  Engineers  on  his  electric  steel  furnace,  and 
from  1880  to  1882  continued  his  experiments  making 
steel  in  heats  as  large  as  100  lbs.  and  in  some  experi- 
ments melting  as  much  as  8  lbs.  of  platinum.  His  fur- 
nace was  of  the  direct  arc,  single  electrode  type,  since 


is  known  as  the  resistance  method,  using  direct  current, 
and  aluminum  was  deposited  electrolytically  from  the 
molten  bath  of  its  ores,  fluxed  with  Greenland  Kryolite. 
When  the  Aluminum  Company  was  first  formed,  its 
principal  officer  reports  diat  had  they  been  told  diat 
they  must  sell  aluminum  at  less  tlian  $5.00  per  pound, 
they  would  have  abandoned  the  enterprise.  Indeed, 
their  first  purchase  was  a  large  safe  in  which  their 
daily  production  of  aluminum  was  to  be  locked  up  each 
night,  as  a  rare  metal.  The  electric  furnace,  since  it 
has  been  fully  developed,  has  so  far  reduced  the  cost  of 
aluminum  that  the  commercial  selling  price  in  America 
has  been  as  low  as  18  cents  per  pound,  and  still  lower 
abroad.     These  furnaces  now  operate  at  an  efficiency  of 
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about  1.5  lbs.  of  aluminum  per  horse-power-day.  The 
aluminum  production  in  1884  for  our  entire  country 
was  estimated  at  225  lbs.  made  by  the  chemical  pro- 
cess; now  the  production  is  estimated  at  over  a  million 
times  as  much  per  annum. 

The  year  1892  saw  the  inauguration  by  Moissan  in 
Paris  of  his  classic  experiments  with  electric  furnaces, 
in  which  he  made  carbides,  reduced  many  metals  from 
their  ores  and  wound  up  with  the  spectacular  perform- 
ance of  manufacturing  diamonds  of  miniature  size. 
These  experiments  were  widely  published  and  greatly 
broadened  the  interest  in  and  knowledge  of  electric  fur- 
naces, though  he  produced  no  direct  commercial  results. 

In  1892,  Wilson  of  Canada,  began  experiments 
with  the  arc-type  furnace  and  smelted  aluminum  in  a 
plant  on  Smiths  River,  at  Spray,  N.  C.  This  plant  con- 
sisted of  a  300-hp.  water-wheel  belted  to  a  60-volt  di- 
rect current,  variable  voltage  generator  supplying  power 
to  a  small  arc  furnace,  which  was  constructed  in  several 
l\pes  and  of  various  forms.  It  was  here  that  the  first 
large  anrmeter  was  used — a  Weston  instrument  of  3000 
amperes  capacity.  The  furnace  used  most  consisted  of 
a  carbon  plate,  forming  llie  bottom  electrode,  upo.i 
which  was  built  a  firebrick  crucible  into  which  was 
suspended  a  6-in.  carbon  electrode,  hung  from  a  jib 
crane  by  an  ordinary  cham  hoist,  the  arc  length  being 
regulated  by  the  chain  hoist.  The  purpose  of  this  en- 
terprise was  to  smelt  pure  aluminum  from  its  ores,  but 
it  was  unsuccessful  for  th.it  purpose,  though  various 
mixtures  were  smelted,  such  as  alloys  of  copper  and 
aluminum.  In  some  experiments,  tool  steel,  said  to  be 
of  excellent  quality  was,  in  a  small  way,  manufac- 
tured, using  an  electric  furnace  in  which  there  were 
two  suspended  carbon  electrodes  arcing  from  one  elec- 
trode down  to  the  metal  bath,  through  the  slag  and  out 
through  the  other,  thus  in  a  small  way  anticipating  the 
Heroult  steel-making  furnace,  which  later  became  so 
well  known  as  a  pioneer  in  the  steel  industry.  When 
experimenting  with  various  fluxes,  such  as  lime  and  car- 
bon, in  the  attempt  to  reduce  aluminum  from  its  ore 
(bauxite)  the  slags  from  unsuccessful  experiments 
were  thrown  out  on  the  wet  ground  immediately  below 
the  canal  and  showed  a  gas  development  which,  upon 
examination,  was  found  to  be  acetylene.  Another  ac- 
cidental product  was  fused  alumina,  the  modern  ab- 
rasive known  as  aloxite.  This  was  the  beginning  of 
the  calcitim  carbide  and  ferro-alloy  industry.  The 
carbide  industry  which  developed  from  these  experi- 
ments brought  into  use  the  first  large  commercial  ap- 
plication of  electric  furnaces  in  a  plant  built  at  Niagara 
Falls,  originally  using  20000  hp.  Thereafter,  the  car- 
bide industry  spread  to  Canada,  Scotland,  Norway. 
Germany,  and  the  Alpine  regions. 

By  the  year  1909  the  carbide  industry  had  bee:i 
largely  overdone  both  in  America  and  in  Europe,  and 
many  of  the  carbide  producers  turned  their  attention 
to  ferro-alloys  and  other  alloys,  manufacturing  with 
practically    the    same    furnace    plant    ferro-alloys    of 


chromium,  silicon,  manganese,  molybdenum,  tungsten, 
etc.  These  alloys  were  of  such  very  high  purity  that 
they  rapidly  came  into  extended  commercial  use 
throughout  the  country,  especially  for  use  in  connec- 
tion with  the  higher  grades  of  crucible  and  alloy  steels 
and  are  largely  responsible  for  the  splendid  steels  whicli 
made  the  automobile  and  aeroplane  possible.  Thus  the 
electric  furnace  has  introduced  a  new  era  in  the  manu- 
facture of  fine  steels. 

Up  to  the  present  time  the  electric  furnace  has  seen 
its  largest  commercial  development,  first  in  the  manu- 
facture of  aluminum  and  second  in  the  manufacture  of 
steel ;  and  the  second  development  is  rapidly  over- 
stepping the  first.  In  1913  there  were  only  19  electric 
furnaces  making  steel  in  America;  this  number  had 
increased  to  136  at  the  end  of  1916,  and  to  269  at  the 
end  of  1917,  at  which  time  it  was  estimated  the  world 
had  a  total  of  733  electric  steel  making  furnaces,  turning 
out  annually  four  million  tons  of  steel,  of  which 
America  produced  approximately  one-half.  Now  there 
are  about  1000  steel  furnaces  in  use. 

Electric  steel  making  furnaces  are  divided  into  two 
general  classes,  namely,  basic  or  magnesite  lined  and 
acid  lined.  Acid  furnaces  are  those  lined  with  silicious 
refractories  and  are  used  for  melting  and  alloying  steel 
which  is  made  from  a  high  grade  of  scrap,  where  the 
sulphur  and  phosphorous  impurities  are  so  low  that 
further  refining  is  not  deemed  necessary,  as  in  making 
steel  castings.  It  is,  however,  possible  in  a  properly 
operated  acid  furnace  to  reduce  the  percentage  of  such 
impurities  by  a  small  percentage  (say  10  to  15  percent) 
only. 

With  basic  furnaces  the  refractory  linings  are 
much  more  resistant  to  the  lime  slags  which  are  carried 
as  a  molten  blanket  on  top  of  the  steel  bath  for  the 
purpose  of  taking  up  and  fluxing  out  the  sulphur  and 
phosphorous.  Phosphorous  is  removed  at  the  first  od- 
eration ;  high  calcium  slags,  when  in  contact  with  metal 
under  oxidizing  conditions,  as  when  iron  ore  or  mill 
scale  is  added  to  the  bath  and  at  not  too  high  temper- 
ature, have  a  strong  affinity  for  phosphorous  which 
is  quickly  absorbed  by  the  slag  during  that  period  of 
the  heat  known  to  the  melters  as  the  "boil."  The  phos- 
phorous from  the  metal  is  thus  oxidized  into  phosphoric 
acid  and  then  converted  into  phosphate  of  lime,  in 
which  form  it  is  a  stable  constituent  of  the  slag,  pro- 
vided the  temperature  is  not  carried  too  high.  This 
first  or  oxidizing  slag  is  then  skimmed  off  and  another 
slag  is  made  by  adding  lime  and  carbon,  which  is  fused 
by  the  heat  of  the  arc.  This  slag  then  forms  calcium 
carbides,  or  the  "carbide  slag."  Carbon  such  as  gran- 
ular coke,  retort-carbon  or  anthracite  coal  is  used  with 
high  calcium,  low  magnesia,  lime.  This  carbide  slag 
under  high  heat  and  in  a  reducing  atmosphere  has  a 
strong  affinity  for  and  carries  off  the  sulphur  from  the 
steel,  which  is  absorbed  by  the  slag  in  the  form  of 
calcium  sulphate.  From  very  impure  scrap,  it  is  thus 
possible  (though  not  always  commercially  practicable) 
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to  make  a  very  high  grade  of  tool  steel  in  an  electric 
furnace  which  heretofore  could  be  made  only  by  melt- 
ing the  purest  forms  of  Norway  or  Swedish  iron,  and 
then  only  by  melting  in  crucibles,  which  is  a  very  slow 
and  expensive  process. 

Primarily,  electric  steel  became  popular  for  its 
superior  physical  properties.  While  such  steel  can  be 
made  with  a  more  satisfactory  chemical  analysis,  using 
a  given  grade  of  raw  materials,  than  by  other  processes, 
experience  has  abimdantly  demonstrated  that  when 
made  to  the  same  chemical  analysis,  it  will  average 
about  15  percent  greater  tensile  strength  or  ductility, 
depending  upon  its  heat  treatment,  and  is  more  resistant 
to  shock  and  better  able  to  receive  heat  treatment.     The 
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FIG.    2 — SECTIONS   OF   FURNACE   SHOWN    IN    FIG.    I 

Showing  neutral  connection  to  bottom  of  furnace. 
reason  for  this  is  that  the  steel,  being  made  in  a  closed 
furnace  and  in  a  reducing  atmosphere  away  from  the 
contaminating  influences  of  combustion  gases,  is  more 
solid,  freer  from  gases  and  less  prone  to  inclusions  of 
slag  oxides,  etc.  As  an  example,  the  tests  in  Table  I 
made  by  R.  W.  Hunt  and  Company,  Chicago,  Jan.  30, 
1919,  for  the  Chicago  Surface  Lines,  illustrate  the  phy- 
sical properties  of  A.  E.  R.  A.  specification  heat  treated 
electric  furnace  axle  steel.  It  was  heated  to  1450-1460 
deg.  F.,  held  one  hour,  quenched  in  65  deg.  oil,  drawn 
at  1 185-1200  deg.  F.  for  one  hour  and  then  slowly 
cooled  in  the  furnace.  The  open-hearlh  steel  was  also 
heat-treated  in  the  same  manner. 

Being  absolutely  dead  when  properly  made,  and 
averaging  lower  in  sulphur,  electric  steel  in  the  foundn- 
is  less  liable  to  show  shrinkage  cracks  between  ribs  of 


castings  and,  being  more  fluid,  it  is  not  so  liable  to 
piping  or  blow  holes. 

The  electric  furnace  is  especially  useful  for  making 
alloy  steel.  Since  the  metal  is  treated  in  a  reducing  at- 
mosphere, there  need  be  no  large  losses  of  the  alloy^ 
such  as  silicon,  manganese,  vanadium  and  chromium, 
which  in  the  ordinary  open-hearth  practice  are  oxidized 
in  large  quantities  and  carried  to  waste  in  the  slag, 
thus  producing  uncertain  mixtures.  Indeed,  alloys  in 
open-hearth  practice  frequently  show  losses  of  40  to 
50  percent,  while  in  the  electric  furnace  they  will  be 
practically  ml. 

With  the  electric  furnace  it  is  much  easier  to  carry 
the  finishing  operation  to  a  more  nearly  exact  limit  on 
carbon  or  silicon  content,  than  is  practicable  in  the  case 
of  the  open-hearth  furnace,  and  finish  with  an  absence 
of  gases  of  solution  and  inclusion,  such  as  oxygen  and 
nitrogen. 

In  open-hearth  furnaces  it  is  impracticable  to  melt 
down  fine  turnings  in  quantity  for  the  reason  that  the 
oxidizing  flames,  which  furnish  the  heat  to  the  furnace, 
will  reduce  the  metal  when  in  an  attenuated  form  to  a 
mass  of  oxide  before  it  becomes  molten,  whereas  with 
the   electric   furnace   it   is  entirely   practicable   to  melt 


COMPARISON  OF  OPEN  HEARTH  AND 
ELECTRIC  FURNACE  STEEL 

I     Open 

I   Hearth 

41  060 
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21-5 


El.  limit  per  sq.  in 

Ten.  strength  per  sq.  in.  .  . 
Percent  elongation  in  2  in 
Percent  reduction  of  area 

Elastic  torsion  

Character  of  fracture  . . . . 


3174 
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Granular 


I  Furnace 
I  Electric 
64850 
105  140 
22.0 
52.37 
33700 
Silky  Cup 


turnings,  which  under  ordinary  market  conditions  arc 
purchaseable  at  about  five  to  ten  dollars  per  ton 
lower  price  than  the  heavy  melting  grade  of  steel  re- 
quired in  open-hearth  practice. 

In  the  electric  furnace  it  is  practicable  to  obtain  a 
heat  transfer  efficiency  of  60  to  70  percent,  that  is  to 
say,  60  to  70  percent  of  the  heat  energy  of  the  electric 
power  supply  may  be  put  into  the  molten  charge,  where- 
as with  open-hearth  practice,  the  efficiency  ranges  from 
eight  to  fifteen  percent  and  in  a  crucible  furnace  from 
two  to  six  percent.  The  fuel  developed  heat  unit  at 
the  open-hearth  furnace  is,  however,  bought  in  a  much 
cheaper  form  than  the  heat  unit  supplied  as  electric 
power  and  if  the  electric  furnace  did  not  have  the  other 
advantages  mentioned,  it  could  not  at  present  compete 
against  the  open-hearth  furnace  in  the  cost  of  heat 
energy. 

On  account  of  the  very  intense  heat  of  the  electric 
arc,  it  is  entirely  feasible  to  melt  down  quite  rapidly; 
thus  in  the  electric  furnace  it  is  possible  to  melt  down 
and  refine  a  charge  of  casting  steel  in  two  hours,  or 
less,  which  in  the  open-hearth  furnace  might  require 
ten  to  fourteen  hours.  In  other  words,  a  twelve-ton 
electric  furnace  may  be  practically  equivalent  to  a  sixty- 
ton  open-hearth  furnace,  so  far  as  steel  output  is  con- 
cerned.    A  Ivvelve-ton  electric  furnace,  of  course,  re- 
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quires  a  correspondingly  smaller  ladle,  crane  and  build- 
ing structure,  for  it  is  the  practice  to  tap  the  entire  heat 
into  one  ladle  with  either  type  of  furnace. 

The  arc-type  of  electric  furnace  is  practically  the 
only  one  being  installed  for  steel  making  today;  how- 
ever, there  have  been  a  few  of  the  induction-type  fur- 
naces constructed.  At  first  glance,  the  induction-type 
furnace  appears  to  have  many  advantages  over  the  arc- 
type  furnace,  but  practice  has  shown  that  it  is  in  no 
wise  a  competitor  of  a  properly  constructed  arc  furnace, 
as  on  large  sizes  the  power— factor  is  extremely  low  and 
the  efficiency  of  the  furnace,  owing  to  the  cost  of  re- 
placing the  refractories,  is  also  low.  It  is  also  not  si 
good  a  refining  furnace  as  the  arc-type. 

z\rc  furnaces  may  again  be  classified  into  the  long 
arc  and  short  arc  types.  There  are  many  theoretic.i' 
inducements  to  use  the  long  arc  furnaces,  for  with  a 
given  energy  input,  the  electrode  is  correspondingly 
smaller  and  the  electrode  cost  is  therefore  reduced  pro- 
ijortionately.  With  the  water  cooled  bottom  contact 
type  furnace,  either  the  furnace  size  must  be  kept  small 


version,  and  frequently  unbalance  the  power  system, 
ihe  two-phase  furnace  is  usually  built  with  two  or  four 
arcing  electrodes  and  while  it  gives  a  theoretically  bal- 
anced load  on  the  power  system,  it  has  the  objection  of 
requiring  an  additional  electrode,  which  increases  the 
electrode  consumption  33  percent  over  the  three-phase 
furnace. 

The  three-phase  furnace  for  installations  of  mod- 
erate and  large  size  is  the  mo.st  universally  satisfactory 
and  popular  furnace,  fulfilling  all  the  conditions  as  to 
balanced  load  and  high  power-factor  required  by  the 
central  stations,  at  the  same  time  giving  the  minimum 
electrode  loss  and  the  simplest  form  of  electrode  auto- 
matic adjusting  gear. 

It  is  possible  to  obtain  satisfactory  operation  of  the 
direct-arc  type  furnace  for  melting  the  non-ferrous 
metals  where  the  content  of  metals  which  volatilize  at 
low  temperatures  is  small,  as  for  instance,  in  making 
bronze  and  bearing  metals.  But  where  the  zinc  or 
aluminum  content  is  high,  such  as  in  yellow  brass, 
Muntz  metal,  etc.,  the  direct-arc  type  furnace  is  highly 
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FIG.   3 — PLAN   OF  TYPICAL  ELECTRIC   STEEL  FOUNDRY   FOR   SMALL    CASTINGS 


or  the  voltage  must  be  greatly  increased  in  order  to  keep 
the  current  low  and  prevent  that  form  of  contact  from 
overheating,  so  it  is  the  custom  to  operate  the  bottom 
electrode  furnace  with  quite  a  long  arc  and  low  current. 

Arc  furnaces  may  again  be  classified  into  single- 
phase,  two-phase,  and  three-phase  types.  The  single- 
phase  furnace  is  ideally  simple,  but  is  poorly  adapted 
to  modern  power  plant  conditions,  as  central  station 
power  today  is  universally  generated  and  transmitted  at 
three-phase.  The  long  arc  single-phase  furnaces,  too, 
have  the  very  great  disadvantage  of  operating  on  ex- 
tremely low  power-factor,  thus  causing  a  great  waste 
in  transformer,  line  and  generator  capacity,  which 
usually  makes  them  prohibitive  from  the  central  station 
man's  viewpoint  in  any  but  quite  small  sizes,  say  one- 
fourth  to  one  ton  capacity  per  heat. 

The  two-phase  furnace  may  be  operated  either 
from  two  or  three-phase  power,  but  when  operated  from 
three-phase  power,  the  phases  have  to  be  transformed 
by  Scott  connected  transformers,  which  are  more  costly 
and  less  efficient  than  for  the  straight  three-phase  con- 


unsatisfactory  and  results  in  great  waste  of  the  more 
volatile  metals,  and  the  making  of  porous  castings, 
imless  special  means  are  provided  to  overcome  highly 
localized  heating.  Consequently,  special  furnaces  of 
the  resistor,  rocking,  rolling,  tumbling  or  other  types 
are   required   for  brass  melting. 

The  crucible  furnace  is  the  oldest  method  for  mak- 
ing steel  castings  and  of  making  first-class  tool  steel. 
It  has  now,  however,  been  practically  eliminated  by  the 
electric  furnace,  which  has  many  advantages  in  rapidity 
and  in  reduced  cost,  as  well  as  its  ability  to  make  more 
sound  castings.  The  cost  of  crucibles  and  fuel  alone 
in  crucible  steel  foundries  frequently  runs  up  to  three 
cents  per  povmd.  With  crucible  steel  the  heats  are  of 
such  small  quantity — 100  to  200  lbs.  per  pot — that  the 
contents  of  several  pots  must  be  combined  into  one 
ladle  to  make  the  casting  of  ordinary  size.  Sometimes 
the  different  pots  of  steel  are  of  such  different  com- 
positions as  to  cause  the  ladle  to  boil  when  they  are 
combined,  tending  to  make  unsound  castings. 

Due  to  the  absorption  of  carbon  from  the  crucible. 


364 


THE  ELECTRIC  JOURNAL 


il  is  difficult  to  make  castings  low  enough  in  carbon  to 
obtain  the  ductility  desired  for  many  purposes.  Fur- 
thermore, the  steel  reduces  the  silica  from  the  clay  cf 
the  crucible,  tending  to  run  the  silicon  content  of  the 
product  high.  The  overpowering  objection  to  the  cruci- 
ble process  is,  however,  the  high  cost  of  the  prodiui 
due  to : — 

a — High  cost  of  pure  melting  stock,  as  no  refining  is 
practicable. 

h — Vcrj-  high  labor  cost  on  acconnt  of  the  small  heats 
handled. 

(■ — Crucible  furnaces  are  notoriously  extravagant  in  fuel 
consumption,  sometimes  using  three  tons  of  coal  per  ton 
melted. 

d — High  cost  of  crucible  renewals,  often  averaging  two 
to  four  crucibles  per  ton  melted  at  a  cost  of  $9  to  $11  each, 
or  $18  to  $44  per  ton  for  crucibles  alone. 

For  these  reasons  the  crucible  melting  shoi)  'S 
rapidly  going  out  of  use  for  castings,  as  well  as  for 
tool  steels. 

During  later  years  the  side-blow  converter  process 
has  become  very  popular  in  steel  foundries  making 
castings  of  medium  and  small  size.  In  this  process 
high  grade,  high  silicon,  low  phosphorous  and  sulphiir 
pig  iron  is  melted  in  a  cupola  furnace  with  the  finest 
grade  of  coke  obtainable.  The  quite  hot  liquid  iron  i-. 
then  tapped  into  a  ladle,  tran.sported  to  and  dumped 
into  the  converter.  The  converter  is  then  tilted  uni:;l 
the  blast  tuyeres,  which  enter  at  the  side  of  the  vessel, 
are  turned  down  to  blow  directly  onto  the  surface  of 
the  metal.  The  blast,  which  is  generally  from  a  Root- 
type  blower  is  then  turned  on,  impinging  sharply  against 
the  surface  of  the  metal,  which  is  thus  violently  agitated 
and  oxidized. 

The  air  blast  burns  vnil  the  silicon  and  then  the 
carbon,  the  products  of  combustion  being  CO.  and  SiO^.. 
This  combustion  greatly  increases  the  heat  of  the  metal, 
as  brought  from  the  cupola.  When  the  process  has 
proceeded  far  enough,  which  the  operators  guess  :;t 
from  the  drop  of  the  flame,  the  ferro-alloys  are  thrown 
into  the  bath  to  reduce  the  oxides,  neutralize  the  sul- 
phur, and  kill  the  steel,  which  would  otherwise  be  wild, 
i.  e.,  full  of  effervescing  gases,  when  poured.  It  would 
also  be  hot  short,  that  is,  prone  to  crack  when  freezing 
in  the  molds,  unless  doctored  liberally  by  the  addition 
of  manganese,  as  the  converter  effectively  burns  out  the 
manganese  of  the  pig  iron  charge. 

The  steel  is  then  dumped  from  the  converter  into 
a  bull  ladle  into  which  aluminum  amounting  to  one  to 
three  lbs.  per  ton  has  been  charged;  it  is  transported  by 
traveling  crane  directly  to  the  larger  mi>lds,  or  to  be 
shanked  off  into  the  smaller  molds  by  small  hand  shank 
ladles. 

The  advantages  of  the  converte:  process  are:  The 
steel  may  be  made  quite  hra  and  fluid  enough  for  quite 
thin  castings ;  the  heats,  usually  running  one  to  two  tons, 
are  of  convenient  size  to  be  poured  off  quickly  before 
cooling;  the  fuel  consunqition  is  moderate,  though 
rather  higher  than  for  the  cast  iron  melting  cupola, 
averaging  400  to  600  lbs.  of  coke  per  ton ;  the  first  cost 


of  the  apparatus  is  low  and  the  process  is  available  for 
intermittent  service. 

The  disadvantages  are:  The  inetal  must  hi 
handled  twice  in  the  ladle;  tlie  metal  picks  up  sulphur 
and  phosphorous  and  nitrides  from  contact  with  the 
fuel  and  the  air  blast ;  the  losses  in  the  cupola  and  con- 
\erter  are  quite  high,  running  from  16  to  24  percetit, 
further  concentrating  and  increasing  the  percentages 
of  impurities  in  the  original  metal  and  wasting  costly 
melting  stock;  the  steel  is  full  of  oxides  and  gases  and 
requires  large  quantities  of  expensive  ferro-alloys  Tj 
kill ;  the  quality  of  the  steel  physically,  as  well  as 
chemically,  is  below  par;  a  heat  once  blown  too  cold 
cannot  again  be  brought  up  in  heat  enough  to  cast  and 
must  be  pigged;  only  the  highest  grades  of  melting 
stock  may  be  used,  costing  generally  $15  to  $25  per  ton 
more  than  for  the  acid  open-hearth  furnace  and  $20  to 
535  per  ton  more  than  for  the  electric  furnace;  the  re- 
fractory maintenance  is  high,  as  the  cupola  and  con- 
verter linings  must  be  repaired  after  each  10  hours  run. 
Liquid  metal  costs  of  converter  steel  frequently  run 
up  to  $60  or  $80  per  ton. 

The  eleclric  furnace  is  the  newest  steel  producing 
agency  and  is  gaining  in  popularity  more  rapidly  than 
all  others.  It  is  die  most  compact  furnace,  and  the 
rapidity  with  which  it  will  melt  down  cold  charges 
adapts  it  splendidly  to  the  making  of  steel  castings.  It 
is  the  cleanest  and  most  certain  method  of  making  steel, 
and  its  small  bulk  makes  it  feasible  to  locate  the  furnace 
near  the  center  of  the  floor  where  the  metal  need  be 
transported  short  distances  only.  The  size  is  small 
and  convenient  and  the  heats  come  rapidly,  so  tliat  n.i 
large  floor  area  need  be  tied  up  in  molds  per  heat,  and 
it  works  cut  to  best  advantage  on  the  foundry  floor  arei. 

The  arc-type  furnace  is  best  suited  for  foundry 
work  and  the  most  popular  size  has  a  ca])acity  of  three 
tons  per  heat,  though  sometimes  1.5  ton  furnaces  are 
required.  The  more  highly  powered  and  rapid  fur- 
naces for  such  work  turn  out  eight  to  twelve  heats  per 
24  hours,  and  with  a  power  consumption  of  500  to  630 
kilowatt-hours  per  ton  of  liquid  steel,  and  considering 
the  ultimate  efficiency  of  the  large  modern  turbo-gen- 
erator power  house,  at,  say,  1.5  lbs.  of  coal  per  kw-hr., 
its  fuel  consumption  might  be  said  to  be  the  equivalent 
to  750  to  900  lbs.  of  coal  per  ton,  and  the  coal  need  not 
be  of  high  grade,  nor  low  in  sulphur  and  phosphorott.s 
as  is  necessary  with  fuel  fired  furnaces. 

Since  the  charge  is  melted  in  a  reducing  atmos- 
phere, there  is  practically  no  oxidation  of  the  metal ; 
consequently  thin  scrap  or  light,  fluffy  turnings  or  scrap 
of  other  forms,  such  as  can  be  conveniently  charged 
into  the  furnace,  may  be  melted.  Such  scrap  on  the 
present  market  sells  for  approximately  five  to  ten 
dollars  per  ton  less  than  low  phosphorus,  heavy  melting 
scrap  necessary  with  the  ordinary  acid  open-hearth 
melting  furnace  installation. 

The  furnace  atmosphere,  being  of  a  reducing 
nature,  makes  it  easier  to  refine  and  kill  the  steel,  re- 
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suiting  in  a  saving  amounting  frequently  to  half  of  the 
ferro-alloys  necessary  with  converter  steel,  effecting  ri 
saving  of  say  two  dollars  per  ton.  The  melting  losses 
ill  the  electric  furnace  are  much  the  lowest  of  any 
niixlern  process,  averaging  two  to  five  percent  as  against 
six  to  nine  percent  in  the  open-hearth  and  16  to  24  per- 
cent in  the  converter  process. 

The  electric  furnace  does  not  contaminate  the 
metal  as  with  fuel  heated  furnaces  and  an  acid  electric 
will  therefore  readily  make  No.  3-U.S.A.  specification 
steel,  where  it  is  nowadays  practically  impossible  to  find 
melting  stock  sufficiently  pure  to  do  so  with  the  con- 
verter process.  The  saving  alone  in  the  cost  of  melting 
stock  will  more  than  pay  the  entire  conversion  cost 
of  electric  steel.  The  deader,  more  dense  electric  stei.-l 
yields  a  larger  percentage  of  good  castings  and  the 
lower  sulphur  renders  the  castings  free  from  shrink- 
age, flaws  and  cracks,  while  the  hotter  and  more  fluid 
steel  renders  possible  thinner  weight  and  lighter  sec- 
tions than  can  be  produced  commercially  by  other  pro- 
cesses. The  greatest  points  in  favor  of  the  electric 
furnace  are  the  much  higher  grades  of  castings  pro- 
duced, and  the  higher  percentage  yield. 

T.\BLE  II— AVERAGE  COST  PER  TON  FOR  TWO  TONS 

OF  CONVERTER  STEEL  DIVIDED  INTO 

FOUR  CUPOLA  CHARGES 


Two  Ton  Converter 


Charge 


1 127 
2254 
370 


tZ 


Low  phosphorous  pig  iron |   1127 

Bessemer  pig  iron   

Steel  scrap   

SiUcon  and  Spiegel   

Coke— 863  lbs 

Total  weight  of  charge   

Included  above  for  18%  conver- 
sion losses  I     878  I 

Cost    of    material    per    ton    of 

liquid  steel    

ADDITIONS  PER  TON  OF  STEEL 
ID  pounds  80%  ferro  manganese  @  6c 
6  pounds  50%   ferro-silicon  @  5c  .... 

2  pounds  aluminum  @  30c 

Power  for  blower  motors   


$50.00 

28.00 

18.00 

60.00 

7.00 


$28.18 
15-78 
20.29 
II. 10 
3-03 


Cost  of  materials  and  power  per  ton  of  liquid  steel. 

Average  cost  cupola  and  converter  linings 

Labor  costs  


Cost  of  converter  steel  per  net  ton  in  ladle 


$14.09 
7.89 
10.14 

5-55 

I.OI 


$38.68 

0.60 
0.30 
0.60 

1-25 


$41-43 
1.20 
3.00 


$45-63 


With  the  electric  furnace,  foundry  men  can  more 
readily  make  and  check  their  steel  to  an  exact  per- 
centage of  carbon,  manganese  and  silicon,  and  can  more 
easily  keep  the  undesirable  sulphur  and  phosphorous 
to  low  limits  than  by  any  other  process.  The  steel 
may  be  readily  alloyed  with  nickel,  chromium  and 
vanadium  to  make  the  higher  grades  of  steel  castings 
to  replace  forgings  and  for  special  purposes,  such  as 
may  be  required  for  parts  of  unusual  strength,  ductility 
or  for  cutting  tools;  it  is  thus  entirely  feasible  to  make 
castings  which  will  run  up  to  an  ultimate  strength  of 
130000  lbs.  per  sq.  in.,  or  to  cast  high-speed  steel  mill- 
ing cutters  and  reamers.  The  figures  in  Tables  II  and 
III  show  present-day  comparative  operating  costs  for 
liquid  steel  in  the  ladle  under  favorable  conditions. 


The  acid  open-hearth  furnace  is  still  frequently 
used,  generally  with  oil  fuel  and  mostly  in  foundries 
making  the  heavier  classes  of  steel  castings.  With 
the  acid  open-hearth  furnace,  the  standard  price  must 
be  paid  for  50  percent  of  the  charge  in  low-phosphorous 
heavy-melting  scrap  and  50  percent  of  the  charge  in 
Bessemer  pig  iron.  The  fuel  oil  consumption  for  such 
open-hearth  furnaces  in  foundries  usually  runs  from 
45  to  90  gallons,  costing  at  the  present  time  from  $3.3/ 
to  $7.50  per  ton  of  liquid  steel.  In  the  largest  of  the 
steel  foundries,  it  is  true,  producer-gas  is  frequently 
used  at  less  fuel  cost.  However,  the  contaminating  ef- 
fect of  the  sulphur  content  of  the  coal  and  the  com- 
plications and  expense  of  the  producer-plant  as  a  rule 
deters  the  ordinaiy  steel  foundry  from  using  coal  pro- 
ducer-gas as  open-hearth  fuel. 

The  great  drawback  to  the  open-hearth  furnace  is 
the  high  cost  of  melting  stock  and  its  well  known  in- 
ability to  furnish  steel  sufficiently  hot  to  make  medium 
and  small  castings  satisfactorily  without  undue  costs 
for  refractories  and  largely  increased  fuel  consumption. 
1'he  inconvenience  of  large  heats  from  the  open-hearth 
furnace,  15  to  40  tons,  counts  heavily  against  it  for 
small  casting  work. 

TABLE  III— AVERAGE  COST  PER  TON   FOR  THREE- 
TON  ACID  LINED,  RAPID  TYPE,  POLYPHASE, 
ELECTRIC  FOUNDRY  FURNACE  STEEL 


Three  Ton  Electric  Furnace 


Charge 


Axle   turnings    

(Included    above    3%    losses 

200  lbs.) 

Mill   scale    

(Included   above  60%    losses 

60  lbs.) 

Electrodes  @  7c  

1650  kw-hr.   (550  per  ton)   @ 

per  kw-hr 

Losses  in  melting — 260  lbs. 

80%    ferro-manganese 

50%   ferro-silicon 

.\luminum  @  30c  


6200    $12.00  |$37.20 


60 


Cost  of  material  per  ton  of  liquid  steel 
Average  cost  of  linings  and  roofs  .  .  . 
Labor  cost  on  furnace  attendance  . . . 


120.00 
100.00 


4.20 

16.50 

1.20 
0.75 
0.45 


Cost  of  electric  steel  per  net  ton  in  ladle 


1.40 

5-50 

0.40 
0.25 
0.15 


F20.19 
0.40 
1. 00 


p2i-59 


As  to  the  most  suitable  type  of  electric  furnace  for 
installation  in  the  ordinary  steel  foundry,  if  the  scrap 
is  inferior  and  high  in  sulphur  and  phosphorous,  then 
the  extra  cost,  slower  operation  and  shorter  refractory 
life  of  the  basic  furnace  must  be  endured  to  obtain  the 
lower  limits  of  sulphur  and  phosphorous  not  practicable 
to  reach  with  the  acid  furnace  using  commercial  grades 
of  scrap.  At  present  the  call  is  for  acid-lined  furnaces, 
and  cheap,  good  scrap  is  available  in  large  quantities. 
The  acid  furnace  is  simpler,  cheaper  and  faster  to  op- 
erate, and  the  steel  casts  more  easily. 

It  is  nevertheless  strongly  reconiniended  that  a 
furnace  be  purchased  so  designed  and  constructed  that 
it  is  adaptable  to  basic  operation.  This  means  that  the 
furnace  shell  must  be  of  large  diameter  and  the  batli 
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must  he  of  large  area  and  shallow.  The  furnace  shou'd 
not,  it  is  thought,  be  of  the  long  arc  type,  nor  of 
the  small  diameter  shell  deep-bath  type,  if  the  best  and 
most  rapid  work  is  contemplated.  Indeed,  even  for 
acid  melting  there  is  a  noticeable  difference  in  the 
quality  of  the  steel  obtained  from  the  large  diameter, 
shallow-bath  furnaces  compared  with  that  made  in  the 
deep-bath  type  furnace,  for  with  the  latter,  it  is  not 
feasible  to  obtain  the  same  mechanical  reactions  .from 
the  additions  put  in  to  refine  and  kill  the  steel,  as  when 
the  bath  is  of  the  shallower  type.  Nor  is  it  possible 
so  thoroughly  to  deoxidize  the  metal  by  maintaining^ 
a  reducing  atmosphere  in  the  furnace. 

For  rapid  work,  it  is  especially  important  to  have 
the  furnace  constructed  with  all  possible  operating  con- 
veniences and  facilities,  so  that  one  heat  may  follow 
another  with  the  utmost  rapidity  and  with  a  minimum 
loss  of  time  for  the  necessary  furnace  adjustments.  It 
is  therefore  important  to  look  carefully  to  the  facilities 
for  making  bottom  and  fettling  the  banks. 

It  is  quite  important  that  the  furnace  should  operate 
at  the  highest  practicable  power-factor  that  can  be  ob- 
tained without  undue  disturbance  of  the  power  com- 
pany's load,  for  by  so  doing  the  electrode,  transformer, 
line  and  generator  losses  are  maintained  at  a  minimum. 
Engineering  skill  of  a  high  order  is  required  to  forecast 
and  select  the  best  type  of  equipment,  under  the  many 
varied  power  supply  conditions  which  obtain  in  different 
localities. 

By  reason  of  the  now  generally  acknowledged 
superior  quality  of  the  electric  furnace  product,  greater 
flexibility  of  operation,  quicker,  more  convenient  sized 
heats,  .saving  in  alloys  and  in  cost  of  melting  stock,  the 
electric  furnace  is  rapidly  coming  to  the  front  in  the 
steel   foundry  wherever  suitable  power  is  available  and 


progressive  policies  are  in  vogue.  It  is  making  possible 
the  profitable  operation  of  widely  distributed  small  steel 
foundries  to  an  extent  not  generally  realized. 

Power  companies  dislike  to  receive  a  single-phase 
or  unbalanced  load.  They  either  refuse  to  handle  such 
a  load  at  all  or  penalize  the  user  by  charging  a  higher 
rate.  It  is,  therefore,  essential  that  furnaces  above 
the  smallest  sizes,  say  three-eighths  ton  capacity  or  less, 
be  arranged  to  receive  a  balanced  polyphase  power 
supply. 

For  the  manufacture  of  tool  steel,  no  otlier  process 
can  beat  the  electric  furnace  on  quality,  and  for  crucible 
steel  the  cost  of  the  crucibles  alone  is  more  than  the 
entire  conversion  cost  of  the  electric  furnace  steel,  to 
say  nothing  of  the  enormously  cheaper  melting  stock 
used  in  electric  furnaces  for  making  the  finest  tool 
steels. 

It  is  often  asked  when  the  electric  furnace  field 
will  become  saturated  and  electric  furnaces  no  longer 
desirable  purchases.  The  natural  growth  of  the  high- 
grade,  medium  and  small  size  steel  casting  business 
will  undoubtedly  continue  for  years  to  come  and  de- 
mand the  installation  of  a  large  number  of  electric  fur- 
naces. The  crucible  will  probably  disappear  from  the 
tool  steel  business,  and  the  electric  furnace  will  replace 
the  open  hearth  furnace  in  the  manufacture  of  alloy, 
and  the  finer  grades  of  carbon  steel.  There  is  a  rapidly 
growing  demand  for  the  superior  quality  of  cast  iron 
and  the  finer  grade  of  malleable  iron  produced  by  the 
electric  furnace.  And  there  is  a  further  wide  field  for 
the  electric  furnace  in  the  melting  of  brass  and  other 
non-ferrous  metal,  where  the  lower  costs  and  enormous 
savings  in  volatilization  losses  are  just  beginning  to  be 
understood  and  appreciated. 


i}  lli^HE 


CDS 

Gibson 

increased  the  number  of  electric  furnaces,  not  only  on 
work  where  they  were  already  in  use,  but  where  prior 
to  the  war  they  had  not  been  used  or  only  to  a  limited 
degree. 

Ferro-alloys  are  of  the  greatest  importance  to  the 
Vteel  industr}'  and  are  used  either  to  deoxidize  the 
netal  or  put  into  the  steel  a  certain  percentage  of  the 
illoying  metal,  which  imparts  to  the  steel  certain  phy- 
sical properties. 

The  demand  for  alloy  steel  is  rapidly  increasing, 
lue  to  a  large  extent,  to  the  requirements  of  the  auto- 
iiobile,  airplane  and  ordnance  purposes.  Specifications 
•"or  steel  are  becoming  more  rigid,  and  the  public  is 
nsistently  asking  for  higher  quality,  and  safety  cannot 
3e  measured  by  price.  These  steels  require  large  quan- 
Lities  of  ferro-alloys.  With  cheaper  ferro-alloys  there 
s  (he  possibility  of  cheaper  alloy  and  tool  steels,  also 


C.  B. 

THE  large  expansion  in  the  iron  and  steel  in- 
dustry during  the  past  few  years  has  caused  a 
corre.sponding  increase  in  the  use  of  ferro-alloys. 
With  the  enormous  demand  for  tool,  alloy  and  munition 
steels,  and  with  the  .shutting  off  of  certain  alloys  and 
raw  materials  previously  obtained  abroad,  their  demand 
has  been  stimulated  greatly  and  their  production  in- 
creased to  a  very  marked  degree. 

The  expansion  in  ferro-silicon  has  been  approx- 
imately loo  percent  and  the  United  States  now  leads, 
with  an  annual  producing  capacity  of  approximately 
KX3  000  tons.  This  country  also  leads  in  ferrotungsten, 
and  considerable  progress  has  been  made  in  ferrychrome 
and  ferromanganese.  Previous  to  the  war  approxi- 
mately one-half  of  the  ferrosilicon  and  ferromanganese 
was  imported,  as  well  as  considerable  ferrochrome. 
The  increased  production  demanded  in  ferro-alloys  has 
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of  improved  quality  in  the  steel  by  the  use  of  ferro- 
uranium  and  ferrozirconium. 

A  ferro-alloy,  as  the  name  implies,  is  an  alloy  of 
iron  with  some  other  metal  and  the  steel  maker  uses 
it  for  one  of  two  purposes: — either  as  a  cleansing  and 
deoxidizing  agent,  the  alloy  combining  with  the  oxygen 
or  other  impurities  of  the  bath  and  passing  off  in  part 
or  entirely  in  the  slag;  or  for  injecting  into  the  steel 
a  certain  percentage  of  the  alloying  metal  in  order  to 
give  it  certain  physical  properties,  the  characteristics  vi 
which  depend  upon  the  kind  of  alloy  used.  A  large 
number  of  ferro-alloys  are  being  produced  commer- 
cially. 

ALLOYS   COMMONLY   USED 

Ferromanganese  is  the  most  essential  ferro-alloy 
in  steel  manufacture  and  more  ferromanganese  is  used 
than  any  other  alloy.  The  greater  part  of  the  output 
of  ferromanganese  is  used  in  the  deoxidation  and  re- 
carburization  of  ordinary  steels  produced  by  t  hz 
Bessemer  and  open  hearth  processes.  Steel  of  the  best 
grade  cannot  be  made 
without  manganese,  as 
the  small  percentage  of 
manganese  (from  0.25 
percent  to  0.8  percent) 
which  remains  in  steel 
after  deoxidizing  with 
ferromanganese,  seems 
to  strengthen  it  in  a  way 
no  other  alloy  will  do. 

Another  constantly 
growing  use  for  manga- 
nese is  as  a  fixed  addi- 
tion in  the  production  of 
manganese  steel.  After 
proper  heat  treatment, 
steel  containing  12  per- 
cent to  13  percent  man- 
ganese is  so  hard  that 
machining  is  impractical, 


but  it  is  as  ductile  as  soft  carbon  steel  and  has  a  tensile 
strength  about  three  times  as  great. 

Before  the  war,  standard  commercial  ferro- 
manganese contained  78  percent  to  82  percent  man- 
ganese and  5  percent  to  6  percent  carbon.  During  the 
war  the  standard  was  lowered  to  70  percent  manganese. 
Since  the  signing  of  the  armistice  most  manufacturers 
have  produced  78  percent  to  82  percent  alloy,  and  quota- 
tions are  now  made  on  both  grades. 

A  low  grade  of  ferromanganese,  known  commer- 
cially as  spiegeleisen,  or  simply  as  spiegel,  is  used  con- 
siderably in  the  production  of  Bessemer  steel.  Spiegel 
runs  15  to  20  percent  manganese  and  is  a  rather  cheap 
blast  furnace  alloy.  There  is  seldom  any  effort  made 
to  produce  it  in  an  electric  furnace. 

Ferrosilicon  is  used  prmcipally  in  the  steel  industry 
as  a  deoxidizer,  somewhat  similar  to  ferromanganese. 
Ferrosilicon   is   about    four   times   as   active   as   ferro- 


manganese, and  is  of  vital  importance  in  removing 
gasses  that  might  form  blow  holes  in  large  steel  casting.^. 
In  actual  practice  it  is  common  to  use  ferromanganese 
for  a  major  portion  of  the  deoxidizing  of  casting  steel 
and  then  finish  the  elimination  of  gases  with  ferro- 
silicon. An  excess  of  ferrosilicon  usually  reduces  the 
ductility  of  the  steel,  whereas  an  excess  of  manganese 
does  not  do  so  to  as  great  an  extent. 

A  special  steel,  called  silicon  steel,  in  which  the 
silicon  is  used  as  a  fixed  addition,  usually  contains  about 
2.75  percent  silicon.  After  a  double  heat  treatment 
this  steel  has  a  higher  magnetic  permeability  than  pure 
iron,  but  also  has  a  high  electrical  resistance.  As  a 
result  of  its  high  permeability  it  has  a  low  hysteresis 
loss,  and  is  used  considerably  in  electrical  machinery. 

Ferrosilicon  runs  from  15  to  90  percent  silicon,  but 
two  standard  grades  running  respectively  50  and  75 
percent  silicon  are  recognized  and  regularly  quoted  in 
the  metal  market.  A  10  to  15  percent  ferrosilicon  is 
nade  in  ordinary  blast  furnaces,  but  the  electric  fur- 
naces must  be  depended 
upon  to  produce  all  of 
the  higher  grades. 

Ferrochronii-  is  used 
for  making  what  is  com- 
mercially called  chrome 
steel,  chrome-vanadium 
steel ,  high-speed  steel 
and  chrome  nickel .  The 
alloy  is  not  used  as  a  de- 
oxidizer, but  to  impart 
definite  characteristics 
to  the  steel.  By  proper- 
ly proportioning  the 
amount  of  alloy,  ferro- 
chrome  will  permit  steel 
being  made  very  hard, 
tough  and  resilient. 
Chrome  steel  is  used  for 
bar  mill  and  stamp  mill 
parts.  Cutlery  steel  contains  10  to  12  percent  of 
chromium.  Chrome  nickel  steel  contains  about  1.5 
percent  chromium  and  is  manufactured  into  armor 
plate  and  artillery.  Chrome- vanadium  steel  consumes 
half  the  production  of  ferrochrome  in  automobile 
manufacture.  This  steel  contains  about  one  percent 
chromium.  All  high  speed  steel  contains  from  four  to 
five  percent  chromium  in  addition  to  other  rare  metals. 

Commercial  ferrochrome  is  sold  entirely  on  the 
basis  of  its  content  of  chromium.  The  usual  market 
standard  is  an  alloy  with  60  to  70  percent  chromium. 
Chromium  has  a  great  affinity  for  carbon  and  especi.il 
efiforts  must  be  made  during  its  production  to  keep  the 
carbon  content  of  the  alloy  low  enough  so  that  it  will 
not  introduce  objectional  carbon  into  the  finished  steel. 
For  this  reason  ferrochrome  with  a  given  percentage 
pf  chromium  content  will  bring  a  higher  price  if  the 
.arbon  content  is  low.     Standard  market  products  run 
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about  six  percent  carbon.  Over  eight  percent  carbon 
is  undesirable  for  most  purposes. 

Ferrotimgsten  is  used  for  the  addition  of  a  fixed 
quantity  of  tungsten  to  steel.  Tungsten  is  established 
as  the  most  important  ingredient  in  high-speed  steel. 
Tool  points  of  tungsten  high-speed  steel  can  be  run  so 
fast  that  they  become  red  hot  from  friction  and  yet  ilo 
not  become  soft.  Apart  from  its  u.se  in  tool  steel  it  \t 
used  in  ordnance  and  other  places  where  a  hard  surface 
similar  to  that  obtained  by  chilling  is  desirable.  A 
small  amount  of  tungsten  is  used  in  steel  for  permanent 
magnets,  and  it  formerly  was  used  in  self-hardening 
steels,  which  are  no  longer  made  to  any  extent.  Self- 
hardening  steel  does  not  possess  the  quality  of  hold- 
ing its  temper  at  high  temperature,  and  has  a  cutting 
sjieed  only  slightly  greater  than  carbon  tool  steel.  It  is 
called  .self-hardening  because  it  is  hard  without  being 
heat  treated. 

Commercial  ferrotungsten  runs  70  to  80  percent 
tungsten  and  less  than  one  percent  carbon  and  is  pur- 
cliased  on  the  b;isis  of  tungsten  content.  Ferrotungsten 
with  o\'er  one  |)ercent  carbon  is  not  marketable. 

Fcrroiiiolyhdciiniii  has  not  come  into  general  use 
in  the  steel  industry  in  the  I'nited  States,  hut  has  ber-n 
used  extensivel}'  in  Europe.  Previous  to  the  war  the 
main  use  of  molybdenum  was  as  a  substitute  fnr  tung- 
sten in  high-speed  steel.  <  )iily  one-third  or  one-half  as 
nnich  molybdenum  is  necessary  for  this  pur])ose;  th;it 
is,  where  regular  high-speed  steel  c(jntains  17  ]iercenv, 
tungsten,  six  ])ercent  to  nine  percent  molybdenum  may 
be  substituted.  Proper  heat  treatment  is  necessary  l(; 
give  the  desired  quality.  During  the  war  a  consider- 
able (juantit}'  of  molybdenum  was  used  in  steel  tor 
lining  guns.  .\  new  use  was  developed,  which  ma)-  in- 
crease the  market  considerably,  as  a  substitute  for 
chrome-vanadium  steel  in  automobile  manufacture. 
ISoth  for  gun  linings  and  automobile  construction  a  very 
small  percentage  of  molybdenum  is  used  in  the  steel. 
It  has  also  been  used  to  a  limited  extent  in  making 
cylinders  for  internal  combustion  engines. 

Commercial  standards  have  not  been  very  well  es- 
tablished on  ferromolybdenum.  The  alloy  is  sold  on 
the  basis  of  its  molybdenum  content,  and  the  usual  mar- 
ket is  for  55  to  65  percent  jiroduct  containing  less  than 
one  percent  carbon.  Higher  percentages  of  molybdenura 
are  sometimes  desirable  and  alloys  containing  80  percent 
have  been  produced. 

Ferrovaiiadiuin  is  added  to  steel  to  impart  a  de- 
finite quality  to  the  finished  product.  Under  shoci< 
or  vibration  the  ordinary  steel  crystallizes  and  event- 
ually breaks.  The  addition  of  \anadium  to  the  steel 
prevents  this  ]M-ocess  of  ciystallizalion,  and  steel  so 
treated  is  capable  of  standing  heavy  shocks  and  con- 
tinual vibration. 

Commercial  ferro\;niadium  runs  about  30  to  ^o 
percent  vanadium  with  less  than  o.^  percent  carbon  and 
is  sold  on  the  basis  of  its  vanadium  content.  It  is  used 
for  making  automobile   parts,  gas   engine   piston   rods 


and  cranks,  and  for  members  of  machinei"y  that  must 
resist   continuous  vibration. 

\'anadium  has  a  great  affinity  for  carbon  and  unless 
special  precautions  are  taken  the  ferrovanadiuni  may 
have  too  large  a  proportion  of  carbon  to  permit  l:s 
satisfactory  use  in  steel  manufacture.  Silicon  rather 
than  carbon,  is  therefore  used  as  the  reducing  agent  in 
the  manufacture  of  ferrovanadiuni  in  the  electric  fur- 
nace. The  product  is  subsequently  refined  by  furthe." 
treatment  in  the  furnace  to  reduce  the  silicon  content 
in  the  alloy  to  less  than  one  percenv. 

Most  of  the  ferrovanadium  of  trade  is  not  pro- 
duced in  the  electric  furnace  but  is  produced  by  the 
reduction  of  iron  vanadium  oxides  with  metallic  alum- 
inum.    This  is  known  as  the  thermit  or  Goldschmidt 


riG.    2 — TOl'  VIEW  OF  FURNACE  SHOWN   IN  FIG.    I 

process.  The  alloy  can  be  produced  as  cheaply  in  the 
electric  furnace  but  the  electric  process  is  not  as  widel\ 
used  as  the  thermit  process  because  the  thermit  proce.-s 
was  well  established  with  the  largest  producers  in  the 
country  before  a  suitable  electric  furnace  process  was 
developed. 

Ferrotitan'nim  is  used  to  remoxe  oxygen  and  nitro- 
gen in  steel  that  is  to  be  i  oiled  or  cast.  Its  princip.il 
use  to  date  has  been  in  the  production  of  high  quality 
steel  rails  and  in  high  grade  steel  castings.  Commer- 
cial alloy  runs  15  to  25  percent  titanium.  A  variation 
of  this  alloy  is  produced  directly  f'i'ni  a  titanic  iron  ore 
known  as  ilmenite,  by  reduction  with  carbon  in  the 
.lectric  furnace.  This  is  the  ferro-carbon  titanium  of 
trade  and  contains  15  to  18  perceni  titanium  with  four  t.) 
six  percent  carbon.  It  forms  the  greatest  source  of 
Itanium  for  the  steel  industrj-. 

Ferro-uranium  is  used  in  steel  manufacture  as  a 
substitute  for  part  of  the  usual  quantity  of  tungsten  in 
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high-speed  steel.  It  has  been  found  that  in  place  of 
17  percent  tungsten,  eight  percen*-  tungsten  and  one 
percent  uranium  can  be  used  without  impairing  the 
quality  of  the  steel.     This  steel  is  not  yet  widely  used. 

The  commercial  alloy  is  sold  on  the  basis  of  i^.s 
uranium  content,  which  may  run  from  30  to  60  percent. 
The  production  of  ferrouranium  in  the  electric  furnace 
is  somewhat  difficult  and  the  recovei^y  of  uranium  by  a 
single  smelting  operation  is  usually  low,  due  to  losses 
of  uranium  in  the  slag.  By  re-smelting  the  slag  a 
reasonably  high  recovery  is  obtained. 

The  approximate  production  of  ferro-alloys  in  the 

United  States  during  1918  was  as  follows* : — 

Gross  Tons 

Ferromanganese 345  000 

Ferrosilicon 100  000 

Ferrochromc 30  000 

Ferrotitanium 15  000 

Ferrotungsten 8  000 

Ferrovanadium 5  000 

Ferromolybdenum 300 

Ferro-uranium 100 

TYPES  OF  FURNACES 

The  furnaces  used  for  manufacture  of  ferro-alloys 
are  of  three  general  types : — the  Siemens  type,  a  single- 
phase  furnace; — the  single-phase  series  type; — and  the 
three-phase  series  type.  TheSiemens  furnace  is  always 
single-phase,  with  one  upper  vertical  carbon  electrode 
and  a  conducting  hearth  of  carbon  or  a  water-cooled, 
steel  bottom  electrode.  The  furnace  proper  consists  of 
a  round,  oval  or  rectangular  shell  of  brick  work  or 
sheet  iron,  lined  with  refractoiy  material.  Into  the  big 
pot  or  crucible  thus  formed  is  placed  the  charge  to  be 
smelted.  The  electrodes  are  suspended  from  above 
with  cable  connections  and  arrangements  for  raising  or 
lowering.  In  the  side  of  the  furnace  near  the  bottom 
is  a  tap  hole  through  which  the  molten  product  is  with- 
drawn. This  tap  hole  is  sealed  with  fire  clay  when  not 
being  used  to  withdraw  the  molten  product. 

The  series  furnace  is  so  called  because  two  or  more 
electrodes  are  suspended  in  a  crucible  similar  to  that 
described  previously.  The  bottom  has  no  electrical 
connection.  If  the  furnace  is  single  phase  there  are 
two  vertical  electrodes  connected  electrically  in  series, 
but  if  the  furnace  is  three-phase  there  are  three  vertical 
electrodes  each  connected  to  a  phase.  The  larger  fur- 
naces used  in  ferro-alloy  work  are  usually  of  the  series 
type,  but  for  a  small  furnace  the  Siemens  type  is  more 
satisfactory. 

The  special  forms  of  furnaces  used  in  steel  re- 
fining, such  as  the  Heroult,  Greaves-Etchells,  and  other 
tilting  types  as  used  in  steel  foundiy  and  refining  work, 
are  not  commonly  used  for  smelting,  although  smelting 
may  be  done  in  most  of  them.  They  are,  however, 
more  expensive  and  elaborate  than  required  for  smelting 
processes  and  are  seldom  of  sufficient  capacity  to  per- 
mit smelting  operations  being  conducted  on  a  sufficiently 
large  scale  to  be  profitable  commercially. 

Smelting  furnaces  may  have  either  an  open  top  or 

•Figures  by  Robert  M.  Keeney,  of  Denver,  Colo. 


an  enclosing  top  for  the  crucible  or  furnace  pot. 
The  use  of  the  enclosing  top  increases  the  fur- 
nace efficiency  under  certain  conditions  by  retaining  r. 
considerable  amount  of  the  heat.  It  also  prevents  the 
escape  of  gases  which  in  some  instances  reduces  the 
loss  due  to  dust  and  volatilization  of  the  rare  metal 
contained  in  the  alloy.  The  use  of  an  enclosing  top 
on  a  smelting  furnace  has,  however,  disadvantages,  in 
that  it  makes  the  furnace  more  difficult  to  charge  and 
sometimes  introduces  complications  in  the  manipula- 
tion of  the  electrodes  which  must  project  through  the 
top.  Enclosed  top  furnaces  are  comparatively  rare  \a 
ordinary  ferro-alloy  smelting  practice.  In  addition  to 
the  difficulties  caused  by  the  top  in  charging,  the  troubles 
encountered  should  an  electrode  break  off  inside  the 
furnace  (which  is  not  a  rare  occurrence)  makes  the 
enclosed  furnace  unpopular  for  large  installations. 
However,  with  small  furnaces  using  small  electrodes 
in  the  manufacture  of  alloys  whicli  require  intermittent 
operation  with  a  set  charge  and  complete  removal  of 
the  discharge  for  every  run,  closed  top  furnaces  are 
generally  used.  Alloys  requiring  such  operation  are 
ferrovanadium  and  ferro-uranium. 

In  the  ordinary  smelting  furnace,  heat  for  the 
smelting  reaction  is  produced  by  both  arc  and  resist- 
ance reaction.  There  is  an  arc  from  each  electrode  t.j 
the  charge  to  be  melted,  and  further  heat  is  produced 
by  the  passage  of  the  current  through  the  charge  to  the 
other  electrode.  It  is  seldom  possible  to  differentiate 
what  portion  of  the  heat  is  due  to  the  arc  and  what 
portion  due  to  the  resistance,  but  judging  from  results 
of  practical  operation  most  of  the  heat  is  produced  by 
the  arc.  Practically  all  smelting  furnaces  operate  as 
combined  arc  and  resistance  types,  the  straight  arc  typo, 
such  as  the  Rennerfelt,  being  seldom  if  ever  used. 

The  electrodes  for  smelting  are  always  either  gra- 
phite or  armorphous  carbon.  For  some  alloys,  graphite 
electrodes  prove  more  satisfactory,  but  as  they  are  dif- 
ficult to  obtain  and  are  expensive,  carbon  electrodes  are 
used  in  by  far  the  larger  proportion  of  the  installations. 
Round  electrodes  and  rectangular  electrodes  are  both 
in  use,  the  type  depending  upon  details  of  the  furnace 
construction. 

Operations  within  the  furnace  are  controlled  b)' 
controlling  the  power  input  to  the  furnace.  The  heat- 
ing in  the  furnace  is  in  general  proportional  to  the 
k.v.a.  expended  within  it  and  this  k.v.a.  can  be  con- 
trolled by  regulating  the  current  or  the  voltage,  or 
both.  The  electrodes  may  be  suspended  into  the  top 
of  die  furnace  so  that  they  can  be  moved  up  and  down 
readily.  In  this  case  the  power  input  to  the  furnace 
is  usually  regulated  by  means  of  current  control,  the 
electrodes  being  hoisted  if  the  current  becomes  too  great 
and  lowered  if  the  current  falls  below  a  predetermined 
value.  If  the  electrodes  are  suspended  in  a  fixed  pos- 
ition the  power  supplied  to  the  furnace  is  usually  con- 
trolled by  varying  the  voltage  supplied  to  the  electrode 
terminals. 
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From  the  above  it  will  be  seen  that  smelting  fur- 
naces can  be  divided  as  follows:-- 

Single-phase  or  polyphase. 
Open  top  or  closed  top. 
Fixed  or  movable  electrodes. 

The  selection  of  the  proper  combination  for  the 
production  of  the  different  alloys  is  guided  by  the  fol- 
lowing considerations. 

Polyphase  furnaces  are  in  general  preferable  to 
single-phase  furnaces  because  of  conditions  surround- 
ing power  supply.  Most  power  companies  will  not  as- 
sume a  large  single-phase  load,  so  that  the  use  of  a 
single-phase  furnace  necessitates  the  use  of  three  fur- 
naces on  a  three-phase  system  to  secure  balanced  power 
conditions.  If  one  furnace  is  shut  down  it  causes  un- 
balanced conditions  for  v>hich  the  power  company 
usually  charges  a  penalty.  Further  the  operation  of 
three  single-phase  furnaces  involves  an  expenditure  for 
maintenance  and  attendance  greater  than  that  involv'ed 
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Fed  by  three  500  k\v.  transformers,  and  equipped  with 
Thury  regulator. 

for  a  single  three-phase  furnace  of  a  capacity  equal  to 
the  aggregate  of  the  three  smgle-phase  units.  The  first 
cost  of  three  single-phase  furnaces  is  apt  to  be  slightly 
greater  than  that  of  an  equivalent  three-phase  furnace. 
Also  the  single-phase  furnaces  will  require  three  single- 
phase  transformers,  whereas  under  many  conditions 
three-phase  furnaces  can  be  fed  from  a  single  three- 
phase  transformer.  The  switching  equipment  for  the 
three  single-phase  furnaces  will  also  cost  somewhat 
more  than  that  for  an  equivalent  polyphase  unit. 

In  the  production  of  certain  of  the  ferro  alloys, 
however,  considerations  of  operation  make  the  use  of 
single-phase  furnaces  advisable.  Such  alloys  are  ferro- 
molybdenum,  ferrotungsten,  and  ferro-uranium. 

Ferromolybdenum  has  a  very  high  melting  tem- 
perature which  increases  greatly  as  the  percentage  of 
the  inolybdenum  carried  by  the  alloy  is  increased.  Fer- 
romolybdenum with  50  percent  molybdenum  will  flovv' 
at  the  average  temperature  maintained  in  its  smelting 


furnace,  and  can  therefore  be  tapped  from  the  furnace, 
but  it  freezes  very  quickly.  As  the  percentage  of 
molybdenum  is  increased  to  60  percent  or  above  the 
alloy  has  such  a  high  melting  point  that  it  caitnot  be 
easily  tapped.  Therefore,  m  making  ferromolybdenum 
of  the  80  percent  grade  it  is  necessary  to  allow  the 
alloy  to  accumulate  in  the  bottom  of  the  furnace  until 
the  proper  amount  is  secured,  then  shut  the  furnace 
down,  allow  it  to  cool,  pull  down  the  side  walls  and 
remove  the  frozen  alloy,  which  is  in  the  form  known  as 
a  "button".  The  walls  are  then  replaced,  the  furnace 
recharged,  and  smelting  operations  resumed. 

Owing  to  the  intermittent  operation  of  such  a 
furnace  it  is  better  to  conduct  operations  in  a  series 
of  single-phase  furnaces,  only  one  of  which  is  shut 
down  at  a  time.  The  single-phase  furnace  is  also  of 
smaller  capacity  and  somewhat  simpler  construction 
than  a  three-phase  furnace,  and  therefore  can  be 
knocked  down  and  re-built  more  rapidly. 

The  conditions  surrounding  the  manufacture  of 
ferrotungsten  are  somewhat  similar.  Many  manufac- 
turers have  tried  to  tap  it  from  the  furnace,  but  the 
practice  has  not  been  altogether  successful.  Ferro- 
tungsten with  55  to  60  percent  tungsten  can  be  tapped, 
but  it  is  difficult  to  tap  the  commercial  70  percent  ferro- 
tungsten if  the  carbon  content  of  the  alloy  is  kept  within 
commercial  limits.  Furthermore,  all  of  the  ferro- 
tungsten in  the  furnace  cannot  be  tapped,  as  some  of  it 
freezes  in  the  bottom,  and  it  is  therefore  simpler  to  let 
it  all  freeze  and  remove  it  as  a  button  than  to  remove 
part  by  tapping  and  then  have  to  remove  the  frozen 
remainder  at  a  later  date.  Also  the  metal  poured  by 
lapping  is  difficult  to  break  up,  and  therefore  it  is  usually 
not  tapped  but  handled  in  a  knock-down  type  of  furnace. 

Ferro-uranium  is  usually  made  in  single-phase 
furnaces  because  of  the  high  concentration  of  heat 
needed  in  its  smelting  reaction.  On  account  of  the  high 
heat  concentration  required  only  small  quantities  are 
handled  at  a  time,  and  these  are  smelted  in  a  closed  top 
furnace.  Under  these  conditions  better  results  can  be 
obtained  with  a  single-phase  furnace  than  with  a  larger 
polyphase  furnace.  Ferro-uranium  with  over  60  percent 
uranium  is  difficult  to  tap  and  is  allowed  to  form  a 
button  in  the  furnace.  Lower  grades  can  be  and  are 
tapped. 

The  other  ferro-alloys  are  almost  exclusively  made 
in  polyphase  furnaces.  As  a  rule  the  larger  the  fur- 
nace, the  lower  the  cost  per  pound  of  production. 
There  are,  however,  certain  limits  as  to  the  size  of  fur- 
nace that  can  be  economically  operated,  and  these  will 
be  discussed  under  the  subject  of  "Electrical  Calcula- 
tions". 

Ferrochrome  has  been  produced  successfully  on  a 
commercial  scale  in  single-phase  furnaces  but  can  be 
produced  to  better  advantage  in  larger  three-phase  units. 
Closed  top  furnaces  are  the  exception  rather  than 
the  rule.  They  are  used  primarily  where  it  is  especially 
desirable  to  retain  a  high  concentration  of  heat  within 
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the  furnace  and  sometimes  where  it  is  undesirable  to 
allow  the  fumes  generated  in  the  furnace  to  escape. 
y\n  example  of  high  heat  concentration  is  that  of  ferro- 
uranium  mentioned  above.  It  is  customary  to  use  open 
top  furnaces  where  charging  of  the  furnace  is  more  or 
less  continuous.  In  operations  where  the  furnace  is 
operated  intermittently  with  a  set  charge,  closed  top 
furnaces  are  used.  Alloys  made  in  this  way  are  ferro- 
uranium  and   ferrovanadium. 

The  open  top  furnaces  are  used  for  continuous 
charging  largely  because  of  the  ease  of  operation. 
Almost  all  large  furnaces  are  open  top  on  account  of 
difficulties  in  removing  electrodes  from  a  closed  top 
furnace,  should  an  electrode  break  off  in  the  furnace. 
The  use  of  a  closed  top  furnace  reduces  loss  from  vola- 
tilization, but  this  gain  on  most  of  the  alloys  is  just 
about  offset  by  time  lost  in  removing  the  roof  of  a 
closed  top  furnace  in  case  of  trouble  with  linings  or 
electrodes. 

Most  smelting  furnaces  use  movable  electrodes. 
The  electrodes  are  held  by  a  clamp  which  is  suspended 
by  chain  or  cable  from  a  sheave  carried  by  a  structure 
over  the  furnace,  and  the  electrodes  are  raised  or  low- 
ered by  a  winch  or  a  chain  biock,  one  for  each  electrode. 
These  winches  on  small  furnaces  may  be  manually  op- 
erated, but  on  furnaces  of  any  considerable  capacicy 
they  are  usually  electric  motor  operated.  The  motor 
may  be  either  manually  controlled  or  automatically  con- 
trolled. The  electrode  is,  of  course,  counterweighted 
so  as  to  reduce  the  power  required  to  move  it. 

Certain  operators,  however,  have  a  predilection  for 
fixed  electrodes,  rigidly  clamped  to  a  supporting  beam 
above  the  furnace.  This  form  of  construction  has  some 
advantages,  especially  with  enclosed  top  furnaces,  which 
require  some  form  of  sealing  where  the  electrodes  pass 
into  the  furnace.  Some  operators  also  claim  that  better 
furnace  conditions  can  be  secured  with  fixed  electrodes 
and  adjustable  voltage  control  than  by  means  of  mov- 
able electrodes  with  adjustable  current  control. 

As  stated  above  the  usual  form  of  steel  refinuig 
furnaces  are  not  used  much  for  smelting  work,  but 
some  of  the  larger  capacity  of  Heroult  furnaces  are 
being  so  used,  especially  in  the  production  of  ferro- 
manganese.  The  particular  advantage  claimed  for  a 
furnace  of  the  Heroult  type  for  smelting  work  over 
the  ordinary  open  smelting  furnace  is  that  it  has  greater 
heat  conservation,  is  easier  to  tap,  and  that  the  furnace 
reactions  can  be  more  carefully  controlled. 

ELECTRICAL    CALCULATIONS 

The  am.ount  of  power  required  to  accomplish  any 
smelting  reaction  may  be  calculated  theoretically.  The 
weight  of  the  various  ingredients  for  charging  the  fur- 
nace are  known  and  their  specific  heats  are  available 
from  chemical  handbooks.  It  is  simply  necessary  to 
calculate  the  amount  of  heat  energy  necessary  in  order 
to  bring  the  mass  to  the  temperature  at  which  the  de- 
sired chemical  reaction  will  take  place,  to  add  the  heat 
energy  necessary  to  initiate  the  chemical  reaction,  and 


(.leduct  from  this  the  amount  of  heat  produced  by  the 
combustion  which  will  take  place  within  the  furnace 
of  that  portion  of  the  charge  which  is  consumed.  To 
this  remainder  must  be  added  the  amount  of  heat  carried 
away  by  escaping  gasses  which  can  be  calculated  from 
the  volume  of  gas  which  will  be  produced  by  the  chemi- 
cal reaction,  and  also  it  is  necessary  to  add  the  amourt 
of  heat  that  is  lost  by  radiation  and  convection  from 
the  sides  and  top  of  the  furnace.  This  figure,  converted 
into  electrical  energy  and  supplemented  by  the  electri- 
cal energy  loss  due  to  voltage  drop  and  heating  in  the 
leads  to  the  furnace  and  in  the  electrodes  proper,  will 
give  the  total  number  of  kilowatt-hours  required  for  a 
given  smelting  operation. 

These  calculations  are  usually  more  elaborate  th^n 
are  necessary  to  determine  the  capacity  of  electrical  ap- 
paratus required  for  given  smelting  operations.  A 
more  generally  useful  method  is  to  use  figures  of  kilo- 
watt-hours per  ton  of  alloy  produced,  based  on  results 
obtained  in  present  commercial  practice.  Such  figures 
are  given  in  Table  I. 

]\Ianufacturers  of  the  ferro-alloys  usually  place 
their  problem  before  the  electrical  manufacturers  with 
the  statement  that  they  require  electrical  equipment  in 
the  shape  of  transformers  and  auxiliaries  to  produce  a 
given  quantity  of  a  certain  ferro-alloy  usually  expressed 
in  tons  per  24  hours.  They  will  also  suppl}^  data  as  to 
the  percentage  of  time  during  the  24  hours  the  furnace 
may  be  expected  to  be  operating.  For  most  of  the 
ferro-alloys,  especially  ferromanganese,  ferrosilicon, 
and  ferrochrome,  the  operation  is  continuous  24  hours 
a  day,  the  furnace  being  supplied  with  additional  charge 
from  time  to  time,  and  the  melted  product  being  tapped 
off  at  stated  intervals.  There  should,  therefore,  be 
little  interruption  of  the  furnace  operation  except  to 
renew  electrodes.  However,  with  other  of  the  alloys, 
continuous  operation  is  not  feasible  as  explained  above, 
and  in  such  cases  the  furnace  will  only  be  operating  a 
certain  proportion  of  each  24  hours. 

Given  the  tons  or  pounds  of  alloy  to  be  produced, 
and  knowing  the  kilowatt-hours  per  pound  of  alloy  re- 
quired, it  is  a  simple  matter,  with  the  time  element 
known,  to  figure  the  transformer  capacity  required  to 
serve  a  given  furnace. 

For  example,  suppose  it  is  desired  to  determine  the 
transformer  capacity  to  supply  a  three-phase  furnace 
to  produce  150000  lbs.  of  65  percent  ferrochrome  per 
month.  There  would  then  be  required  an  output  of 
5000  lbs.  per  day.  If  the  furnace  were  kept  in  opera- 
tion from  80  to  85  percent  of  the  total  time  during  the 
month  (that  is,  taking  time  out  for  shutdowns  due  to 
electrode  changing,  lining  repairs,  etc.)  5000  lbs.  would 
have  to  be  produced  in  about  20  hours.  This  would 
mean  a  production  of  250  lbs.  of  alloy  per  hour.  From 
Table  I  the  production  of  65  percent  ferrochrome  will 
require  from  3  to  4.5  kw-hrs.  per  pound  of  alloy.  This 
furnace  is  of  such  size,  and  the  grade  of  alloy  produced 
sufficiently  high,  that  we  may  estimate  on  four  kw-hrs. 
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being  required  per  pound  of  metal  tapped.  Therefore 
looo  kw-hrs.  are  necessary  to  produce  250  lbs.  of  alloy 
in  an  hour,  i.  e.,  the  electrical  equipment  must  have  ;■ 
capacity  of  1000  kilowatts. 

The  furnace  will,  however,  not  operate  at  100  per- 
cent power- factor— the  actual  power-factor  probably 
being  between  80  and  90  percent.  Assuming  80  percent 
for  safety,  a  transformer  capacity  of  1200  k.v.a.  should 
be  installed  to  take  care  of  this  furnace. 

The  low-tension  voltage  of  the  required  transfor- 
mers can  also  be  determined  from  the  Table  I  and  this 
varies  with  different  alloys.  The  quantity  "Electrode 
Voltage"  given  in  the  table  is  the  voltage  that  must  be 
supplied  to  the  furnace,  measured  at  the  electrode  term- 
inals, and  is  made  up  of  the  arc  voltage  plus  a  reason- 
able allowance  for  drop  in  the  electrodes.  To  this  must 
be  added,  in  order  to  obtain  the  desired  low  tensio.i 
transformer  voltage,  the  calculated  resistance  and  re- 
actance drop  in  the  leads  from  the  transformers  to  the 


TABLE  I— POWER  REQUIRED  FOR  SMELTING  FERRO 

-ALLOYS 

Alloy 

(Jrade 
Product 
Percent 

Size  01  Furnace 

Tvpe_ 

Elec- 
trode 
Volt- 
ase 

Percent 
Kec<)\er> 

Kwhr-i. 

licrlb.  .\lloy 

Taliped 

Tons 
Charg- 
ed 

Kilo- 

Ferrochrorae 

60-65  Cr. 
4-6    C. 

13-15 

750 

3  ph. 

120 

70-SO 

3-4.5 

Ferromanganese 

7.5-SO  Mn. 

15 

1200 

3  ph. 

72 

70-85 

2.2-3.3 

Ferromolybdenum 

60-65  Mo. 
15-2    C. 

1.50 

1  ph. 

65 

7S-,S() 

7-7.5* 

Ferrotungsten 

70-75  \V. 

0.75 

1,50 

1  ph. 

95 

SO-90 

2.1  Smltg. 
1.7Refg. 

3.8  Total 

Ferrovanadium 

30-35  V. 
.3-4    Si. 

1 

1.50 

3ph 

65 

75  Av. 

3.4 

Ferro-uranium 

35-50  V. 
3-4    C. 

SOOlb. 

75 

1  ph. 

35-65 

75 

3-5 

Ferrosilicon 

50-70 

3-4 

1000 

1  ph. 

60-90 

2.5-3 

*Per  lb.  of  Mo.  in  alloy. 

electrode  holders.  This,  of  course,  will  depend  upon 
the  distance  between  transformers  and  furnace,  upf)n 
the  size  of  conductors,  upon  the  amount  of  interlacing 
of  the  leads,  and  upon  the  skin  effect  encountered  in 
the  conductors.  All  of  these  quantities  are  susceptible 
to  reasonably  accurate  electrical  calculation.  In  a  well 
planned  installation,  where  the  transformers  are  placed 
close  to  the  furnaces,  where  the  conductors  are  of  ample 
size,  properly  designed,  and  thoroughly  interlaced,  the 
total  drop  at  full  load  between  transformer  terminals 
and  electrodes  should  be  between  four  and  eight  per- 
cent, most  of  which  will  be  found  to  be  reactance  rather 
than  resistance  drop. 

As  regards  the  adding  of  external  reactance  in 
the  primary  supply  line  to  the  furnace  transformers, 
modern  practice  does  not  seem  to  favor  introducing 
extra  reactance  into  the  circuit,  either  by  means  of 
choke  coils  or  special  transformer  windings,  as  sufficient 


reactance  for  stablizing  furnace  operation  is  secured  in 
the  low-tension  leads  from  the  transformer  to  the  fur- 
nace (in  fact  it  is  difficult  to  eliminate  it),  and  additional 
reactance  elsewhere  in  the  circuit  simply  reduces  the 
power-factor  and  probably  increases  the  power  charge 
due  to  such  power-factor  reduction.  The  only  elec- 
trical advantage  of  reactance  introduced  in  the  trans- 
former or  in  the  primary  circuit  is  the  protection  of 
the  transformer  windings  in  case  of  short-circuits  in  the 
furnace,  and,  inasmuch  as  transformers  can  be  pro- 
ditced  to  withstand  the  strains  of  such  short-circuits,  il 
is  more  desirable  to  guard  against  such  abnormal  con- 
ditions by  adequate  mechanical  design  of  the  transfor- 
mers, than  by  penalizing  the  operation  with  an  undesir- 
able characteristic  continually  in  the  circuit. 

It  has  been  stated  previously  that  in  general  large 
furnaces  are  able  to  produce  most  of  the  ferro-alloys  at 
a  cheaper  price  per  pound  than  small  furnaces.  This  is 
due  to  the  reduced  cost  per  pound  of  capacity  of  the 
large  furnace,  of  its  electrical  equipment, 
and  of  the  labor  charge  for  operating  and 
maintaining  it.  Power  in  large  quantities 
can  usually  be  purchased  somewhat  cheaper 
than  in  smaller  quantities.  The  heat  losses 
in  large  furnaces  may  also  be  somewhat  re- 
duced from  those  encountered  with  smaller 
installations.  There  is,  however,  a  limit  to 
the  economical  size  of  furnaces,  and  this 
limit  is  fixed  by  electrical  conditions.  As 
can  be  seen  from  Table  I  a  certain  power 
imput  is  required  per  ton  of  charge,  depend- 
ing upon  the  material  to  be  smelted.  With 
designs  of  the  present  date  there  is  a  rather 
definite  limit  to  the  amount  of  power  that 
can  be  introduced  into  a  given  furnace  due 
to  electrical  limitation.  There  is,  of  course, 
no  use  building  a  furnace  of  such  size  that 
the  necessary  kilowatts  per  ton  of  charge 
cannot  be  supplied  to  it. 

The  data  in  Table  I  was  obtained  from 
a  number  of  furnace  installations.  It  should 
be  remembered  that  the  kilowatt-hours  per  pound  for 
different  alloys  is  affected  to  a  considerable  degree  by 
the  size  of  furnace,  method  of  operating,  quality  of  the 
ore,  etc. 

The  success  of  any  ferro-alloy  installation  is  de- 
pendent on  many  features.  Equally  as  importanf  as  the 
proper  design  of  furnace  is  the  proper  selection  of  elec- 
trical equipment.  The  electrical  equipment  usually  re- 
quired consists  of  protective  apparatus,  furnace  trans- 
formers, winch  motors,  furnace  control  panels,  and 
automatic  regulators  for  the  electrodes.  Another  im- 
portant feature  is  the  design  and  layout  of  the  cable  or 
bus  beween  the  furnace  and  transformers.  Particu- 
larly, is  this  true  on  the  larger  sized  furnaces  operating 
on  60  cycle  circuits.  Such  questions  as  inductance,  re- 
actance, skin  effect,  etc.  must  be  given  full  considera- 
tion in  order  to  insure  getting  the  proper  amount  of 
power  and  delivering  the  desired  voltage  at  the  furnac.'. 
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THE  electric  melting  of  brass  has,  until  very  re- 
cently, lagged  far  behind  the  use  of  electric 
furnaces  in  the  steel  industry.  Although,  for 
some  ten  years  past,  the  possible  application  of  the  elec- 
tric furnace  for  melting  brass  and  other  copper  alloys 
has  been  the  object  of  much  experimental  work,  it  was 
not  until  about  two  years  ago  that  the  first  commercial 
installations  of  such  furnaces  vvere  made.  Even  these 
proceeded  haltingly  and  were  not  an  unqualified  success. 
During  the  past  year,  however,  progress  has  been  very 
rapid  and  there  can  no  longer  be  any  doubt  but  that  the 
electric  furnace  is  destined  very  soon  to  become  a  far 
more  important  factor  in  the  brass  industry  than  the 
electric  steel  furnace  is  in  its  field.  Even  now,  al- 
though there  are  in  the  United  States  and  Canada  some 
300  electric  steel  furnaces  as  compared  with  not  more 
than  100  electric  brass  furnaces,  and  despite  the  fact 
that  the  average  electric  steel  furnace  has  a  far  larger 
hearth  capacity  than  the  average  brass  furnace,  never- 
theless it  is  probably  true  that  the  proportion  of  brass 
now  melted  electrically  is  nearly,  if  not  quite,  as  great 
as  the  corresponding  figure  for  steel. 

The  reason  for  the  present  extraordinarily  rapid 
growth  of  electric  brass  melting  lies  principally  in  the 
important  saving  of  metals,  especially  zinc  and  lead, 
which  the  use  of  the  electric  furnace  makes  possible. 
The  electric  process,  however,  has  certain  other  iin- 
portant  advantages  over  the  methods  which  it  is  super- 
ceding; as  discussed  in  sorne  detail  in  this  article.  It 
is  also  intended  to  trace  the  development  of  furnace 
design,  and  to  show  how  points  of  weakness  have  been 
eliminated  and  new  principles  of  design  utilized  in  the 
development  of  those  electric-furnace  types  which  are 
now,  in  varying  degree,  winning  commercial  success. 

THE  FIELD  OF  ELECTRIC  BRASS  MELTING 

In  1914  it  was  estimated  by  Gillett*  that  there 
were,  in  the  United  States,  at  least  3600  plants  engaged 
to  some  extent  in  melting  brass  and  bronze.  It  was 
further  estimated  that  the  value  of  the  metal  annually 
melted  by  these  plants  was  in  the  neighborhood  of 
$120000000  and  that,  of  this  total,  the  value  of  the 
metal  lost  beyond  recovery  during  the  melting  opera- 
tion was  not  less  than  $3  000  000. 

During  the  war,  the  military  uses  of  brass  and 
bronze  expanded  these  totals  enormously  and  it  was 
this,  more  than  any  other  factor,  which  gave  the  elec- 
tric process  the  remarkable  impetus  which  character- 
ized its  growth  during  1918.  Although  the  annual  pro- 
duction of  articles  manufactured  from  copper  alloys  is 


*H.   W.    Gillett :     "Brass-Furnace    Practice   in   the    United 
States,  Bureau  of  Mines  Bulletin  No.  73,  p.  9  (1914). 


unquestionably  less  now  than  it  was  during  the  last  year 
or  two  of  hostilities,  it  is  probably  considerably  above 
the  figures  named  by  Gillett  for  1914.  It  must  be  re- 
membered also  that  all  metal  prices  are  higher  now  tlian 
they  were  then  and  that  this  factor  increases  the  magni- 
tude of  the  metal  values  dissipated  by  fuel-fired  fur- 
naces. An  avoidable  waste  of  metal  which  was  con- 
sidered important  under  pre-war  conditions,  has  ever 
since  deserved  and  received,  in  constantly  increasing 
measure,  the  attention  of  progressive  metallurgists. 

It  has  long  been  known  that  it  is  theoretically  pos- 
sible to  eliminate  much  of  this  loss  by  the  use  of  elec- 
tric furnaces,  particularly  in  the  case  of  yellow  brass 
and  other  alloys  containing  a  high  percentage  of  zinc. 
Most  of  the  electric- furnace  development  in  the  copper- 
alloy  field  has  been  carried  out  with  this  end  in  view. 
Metallurgically  speaking,  the  problem  is  not  a  simple 
one  and  for  a  long  time  the  progress  made  seemed 
rather  halting.  A  very  considerable  degree  of  success 
has,  however,  finally  been  attained. 

Three  distinct  types  of  electric  furnaces  are  now 
available  and  in  commercial  use  for  melting  yellow 
brass,  one  highly  efficient  but  limited  in  its  use  to  a 
portion  of  the  field,  a  second  type  less  efficient  but 
otherwise  more  widely  applicable  and  a  third  almost  as 
efficient  as  the  first  and  even  more  flexible  than  the 
second  in  the  wide  variety  of  its  applications.  Two  or 
three  additional  types  are  being  actively  developed  and 
give  some  promise  of  eventual  success. 

Previous  to  the  war  the  use  of  electric  furnaces  for 
melting  copper  alloys  did  not  seem  feasible  except  in 
cases  when  a  large  metal  saving  helped  to  counter- 
balance the  higher  cost  of  electric  heat.  Under  war 
conditions,  the  high  cost  and  poor  quality  of  crucibles, 
the  high  cost  and  shortage  of  important  metals,  the 
high  cost  and  scarcity  of  labor,  and  the  insistent  de- 
mand for  a  high  rate  of  production  at  any  cost,  were 
factors  which  combined  to  make  electric  melting  profit- 
able in  many  cases  where  it  would  previously  have  been 
unprofitable.  Since  the  armistice,  some  of  these  favor- 
able conditions  have  persisted  to  a  rather  unexpected 
degree  and  there  is  no  apparent  reason  to  suppose  that 
conditions  will  ever  be  materially  less  favorable  to  elec- 
tric melting  than  they  now  are.  Incidently,  all  varieties, 
of  fuel  have  increased  in  price  to  a  much  greater  degree 
than  has  been  the  case  with  electric  energy  and  this 
factor  also  appears  to  be  a  progressively  favorable  one. 

ADVANTAGES    OF    ELECTRIC    MELTING 

Electric  heat  is  expensive  at  best,  and  although  it 
can  be  applied  much  more  efficiently  than  heat  derived 
from   fuel,  particularly  at  high  temperatures,  it  could 
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not  be  tiiii)iiMi.a  iiiolluibly,  uniil  very  recently,  except 
in  cases  where  its  use  made  possible  special  savings  to 
offset  its  added  cost.  A  unit  of  electric  heat  still  costs 
far  more  than  a  unit  of  heat  from  the  common  fuels  but 
the  margin  between  them  has  narrowed  sufiSciently  to 
permit,  in  many  cases,  an  overall  balance  in  favor  of  the 
highly  efficient  electric  furnace  as  compared  with  the 
relatively  very  inefficient  fuel-tired  furnace.  In  the 
more  efficient  types  of  electric  brass  furnaces,  electric 
energy  at  one  cent  per  kilowatt-hour  is  less  expensive 
than  coal  or  coke  at  ten  dollars  per  ton,  or  fuel  oil  at 
six  cents  per  gallon. 

The  special  advantages  which  normally  result  from 
electric  melting,  as  compared  with  melting  in  fuel-fired 
furnaces  are,  in  general,  as  follows: — 

/ — Metal  Saving — The  saving  of  metal,  otherwise 
unavoidable  lost,  is  the  principal  economic  advantage 
which  the  electric  furnace  is  required  to  show  in  the 
melting  of  copper  alloys,  particularly  in  melting  yellow 
brass.  It  has  been  demonstrated,  both  in  the  labora- 
tory and  in  the  plant,  that  such  a  saving  is  made  in  the 
electric  furnace,  by  virtue  of  the  fact  that  the  furnace 
chamber  can  be  tightly  closed  during  the  melting 
period,  and  a  neutral  or  reducing  atmosphere  main- 
tained. As  we  shall  see  later  on,  it  does  not  follow 
that  every  electric  furnace  is  capable  of  a  favorable 
performance  in  this  respect.  The  electric  furnace  pos- 
sesses other  important  advantages  but  no  electric  fur- 
nace can  hope  to  achieve  real  and  lasting  success  in 
this  field  unless  its  use  results  in  a  saving  of  metal  as 
compared  with  fuel-fired  practice. 

2 — Improved  Quality — It  has  been  found  that  a 
more  uniform  quality  of  metal  can  be  produced  in  the 
electric  furnace  than  in  fuel-fired  furnaces  operating 
under  similar  conditions,  and  that  it  is  easier  to  pro- 
duce an  alloy  of  closely  specified  composition.  The 
molten  metal  is  also  much  cleaner  and  can  be  poured 
free  from  metallic  drosses  without  the  use  of  charcoal 
or  fluxes  of  any  kind.  In  general,  these  advantages 
are  to  be  considered  as  inherent  in  properly  conducted 
electric-furnace  operation,  as  a  result  of  the  greatly  re- 
duced loss  of  volatile  metals  and  the  elimination  of  con- 
taminating combustion  gases. 

J — Exact  Temperature  Control — The  production 
of  perfect  castings  or  billets,  with  the  least  possible 
number  of  defectives,  depends  in  a  large  degree  upon 
the  use  of  metal  at  a  temperature  which  conforms 
closely  with  that  known  to  be  most  favorable  for  the 
work  in  hand.  The  electric  furnace  lends  itself  readily 
to  exact  temperature  control  and  thereby  enjoys  an  im- 
portant advantage. 

4'  Increased  Production — In  general,  the  speed  of 
melting  is  greater  with  electric  furnaces  than  with  fuel- 
fired  furnaces,  because  of  their  higher  operating  tem- 
perature and  greater  efficiency.  The  electric  furnace 
can  also  be  used  in  larger  units  than  is  commonly  the 
case  with  fuel-fired  furnaces. 

'    '  5 — Elimination    of    Crucible    Cost — The    cost    of 
cru<iibles  has  always  been  a  considerable  item  in  the 


brass  foundry.  While  Uie  cost  per  crucible  is  now  less 
than  it  was  during  the  war  and  the  quality  of  crucibles 
is  somewhat  higher  than  it  has  been,  the  cost  per  ton  of 
metal  melted  is  still  much  higher  than  it  was  five  years 
ago.  The  electric  furnace  eliminates  this  item  of  ex- 
pense. Large  fuel-fired  furnaces  effect  the  same  sav- 
ing but,  from  a  metallurgical  point  of  view,  are  seldom 
as  satisfactory  as  fuel-fired  crucible  furnaces. 

6 — Incidental  Savings — The  operation  of  large 
units  results  in  an  economy  of  floor  space  and  of  labor, 
dependent  upon  the  use  of  large  electric  furnaces  where 
large  fuel-fired  furnaces  are  not  practicable.  The  labor 
of  handling  fuel  and  ashes  is  entirely  eliminated  and  in 
some  cases  the  cost  of  insurance  is  reduced. 

7 — Better  Working  Conditions — More  favorable 
conditions  for  the  workmen,  tending  to  increase  their 
efficiency  as  well  as  their  comfort,  result  when  exces- 
sive heat,  noise  and  fumes  are  eliminated.  The  prop- 
erly chosen  and  correctly  operated  electric  furnace  is 
almost  ideal  in  this  respect.  In  installations  where  the 
reverse  is  true,  the  trouble  is  due  to  the  use  of  an  un- 
suitable furnace,  to  careless  operation  or  to  both  of 
these  as  contributing  causes. 

It  should  not  be  understood  that  these  advantages 
necessarily  follow  from  the  use  of  any  electric  furnace 
which  may  happen  to  be  selected.  The  furnace  must 
be  of  suitable  type,  properly  designed  and  correctly 
used.  A  misapplied  electric  furnace  may  prove  wors** 
in  almost  every  respect  than  the  fuel-fired  furnace 
which  it  replaces. 

REQUIREMENTS   OF   ELECTRIC    MELTING 

First  consideration  must  always  be  given  to  metal- 
lurgical requirements.  No  electric  furnace  can  achieve 
success  unless  it  performs  satisfactorily  the  function 
which  is  expected  of  it,  no  matter  how  efficient  it  may 
be  nor  how  admirable  its  design  may  appear  to  be  in 
other  respects.  Unless  the  design  is  metallurgically 
correct  the  furnace  is  useless  as  an  industrial  tool 

From  a  metallurgical  standpoint  tlie  electric  melt- 
ing of  steel  is  a  comparatively  simple  matter.  Steel 
melts  at  a  high  temperature  and  may  be  heated  as 
rapidly  as  desired  during  the  melting  operation,  provid 
ing  it  is  not  exposed  to  contaminating  elements  during 
the  process.  With  copper  alloys  the  case  is  quite 
otherwise.  Copper  itself  is  somewhat  volatile  and  oxi- 
dizes much  more  readily  than  steel,  when  in  the  molten 
state.  Lead  is  more  volatile  than  copper  and  oxidizes 
veiy  easily.  Zinc  is  exceedingly  volatile  at  molten  bras.^ 
temperatures.  All  copper  alloys  must  be  treated  care- 
fully during  the  melting  process  in  order  that  loss  of 
metal  by  oxidation  and  volatilization  may  be  kept  low. 

Yellow  brass  for  thin  castings  must  be  poured  at  a 
temperature  not  far  below  its  boiling  point  in  order  that 
the  metal  may  be  sufficiently  fluid.  At  this  tempera- 
ture, zinc,  which  comprises  30  to  40  percent  of  the  al- 
loy, has  a  tendency  to  vaporize  rapidly.  So  long  as  the 
metal  is  contained  in  a  tightly  closed  furnace  chamber, 
which  can  easily  be  done  in  the  electric  furnace,  this 
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tendency  is  couulerbalanced  by  the  vapor  pressure  of 
the  rnelal  which  has  aheady  been  vaporized  and  with 
wliich  the  furnace  atmosphere  is  saturated.  When  the 
furnace  is  opened  for  pouring  the  metal,  or  for  any 
other  purpose,  the  vapor  pressure  is  released  and 
further  quantities  of  zinc  will  escape  from  the  alloy 
without  restraint.  If  die  heating  has  been  perfectly 
uniform  and  all  portions  of  the  melt  are  at  approxi- 
mately tlie  same  temperature,  the  loss  of  zinc  which 
ensues  will  constitute  an  unavoidable  minimum.  If  the 
heating  has  not  been  uniform,  some  portions  of  the 
melt  will  be  at  a  temperature  higher  than  the  desired 
pouring  temperature,  and  such  portions  will  lose  zinc 
at  a  higher  rate.  If  the  lack  of  temperature  uniformity 
is  very  great  the  loss  which  occurs  after  the  furnace  is 
operated  and  during  pouring,  will  be  decidedly  exces- 
sive. In  fact,  some  portions  of  the  metal  may  be  so 
seriously  overheated  during  melting  that  the  high  vapor 
pressure  generated  within  the  furnace  will  force  con- 
siderable quantities  of  zinc  vapor  through  crevices  in 
the  furnace  structure.  In  some  cases  it  may  be  prac- 
tically impossible  to  keep  the  furnace  chamber  closed, 
even  to  a  reasonable  degree.  Under  such  conditions 
the  zinc  losses  are  likely  to  be  quite  as  serious  as  in  fuel- 
fired  crucibles,  or  even  more  so. 

What  is  true  of  yellow  brass  poured  at  a  tempera- 
ture near  its  boiling  point  is  also  true,  although  in  less 
degree,  of  yellow  brass  poured  at  lower  temperatures, 
and  of  other  copper  alloys.  The  lower  the  percentage 
of  volatile  metal  the  more  easily  the  alloy  will  stand  up 
under  uneven  heating.  But  it  can  be  accepted  as  an 
axiom  of  copper-alloy  melting  that  heat  must  be  ap- 
plied to  the  metal  as  uniformly  as  possible,  whether  the 
alloy  under  treatment  is  a  brass,  a  bronze,  or  some  one 
of  the  less  common  alloys.  If  the  application  of  heat 
in  the  furnace  lacks  uniformity  to  a  serious  degree,  an 
excessive  loss  can  only  be  prevented  by  some  method  of 
stirring  the  metal,  and  this  stirring  must  be  efifected 
within  the  furnace,  without  opening  the  furnace  doors. 
The  metal  as  poured  from  the  furnace  must  be  uniform 
in  composition,  with  its  various  constituent  metals 
thoroughly  well  mixed  and  alloyed.  In  some  cases  a 
rigidly  specified  composition  must  be  closely  met.  The 
finished  casting,  ingot,  or  billet  must  be  of  a  quality  at 
least  as  good,  with  respect  to  strength,  freedom  from 
cracks,  blowholes,  etc.,  as  that  obtainable  from  fuel- 
fired  crucible  furnaces. 

Since  electric  heat  is  more  costly  than  that  de- 
rived directly  from  fuel,  it  is  important  that  the  thermal 
efficiency  of  the  electric  furnace  should  be  as  high  as 
can  be  obtained  consistent  with  other  requirements.  A 
high  thermal  efficiency  in  electric  melting,  unless  the 
heat  is  generated  in  the  metal  itself,  requires  a  high- 
temperature  heat  source,  located  as  close  as  may  be  to 
the  metal,  under  conditions  which  offer  the  least  possi- 
ble opposition  to  the  flow  of  heat  from  the  source  to  the 
metal.  In  addition,  the  walls  of  the  furnace  must  be 
sufficiently  thick  and  of  high  heat-insulating  quality 
in    order   that   heat    may    not   be    dissipated    uselessly. 


In  some  furnace  types  these  requirements  are  di- 
rectly opposed  to  the  metallurgical  requirements  al- 
ready considered.  In  such  cases  thermal  efficiency 
must  be  sacrificed  to  as  great  a  degree  as  may  be  nec- 
essary in  order  to  satisfy  the  metallurgical  require- 
ments. The  highest  efficiency  compatible  with  good 
metallurgical  results  should  be  maintained;  any  higher 
efficiency  is  false  economy.  It  is,  however,  obvious 
that,  other  things  being  equal,  the  more  efficient  type  of 
furnace  will  meet  with  greater  success. 

The  electric  furnace,  to  reap  the  full  benefit  of  its 
economic  possibilities,  must  operate  in  large  units  and 
must  not  use  crucibles.  The  higher  its  speed  of  melt- 
ing the  better,  so  long  as  speed  is  not  detrimental  to 
metallurgical  results. 

The  electrical  characteristics  of  the  furnace  must 
be  such  as  to  make  it  a  desirable  load  for  the  central- 
station  company  or  the  factory  power  plant.  Its 
power-factor  must  not  be  abnormally  low  and  its  power 
fluctuations  must  not  be  so  violent  as  to  endanger  trans- 
formers and  other  electrical  equipment,  or  to  interfere 
with  satisfactory  service  to  other  customers  of  the  cen- 
tral-station company  who  may  be  connected  to  the  same 
power  line. 

In  order  to  be  thoroughly  satisfactory  the  electric 
brass-melting  furnace  should  be  highly  flexible.  That 
is  to  say,  it  should  be  able  to  operate  under  any  desired 
foundry  conditions,  and  to  handle  a  charge  of  any  ordi- 
nary nature  and  composition.  The  furnace  should  be 
readily  applicable  to  any  schedule:  one-shift,  two- 
shift,  or  three-shift  daily  operation.  The  melting  of 
new  metal,  or  composition  ingot,  or  coarse  scrap,  or  fine 
scrap,  or  a  charge  with  a  high  non-metallic  content, 
should  all  be  practicable  in  the  same  furnace,  and  it 
should  be  possible  to  change  from  one  composition  to 
an  entirely  different  one,  in  successive  heats,  without 
affecting  adversely  the  operation  of  the  furnace  or  the 
quality  of  metal  produced.  With  reference  to  these 
features  the  electric  furnace  must  at  least  equal  the 
performance  of  fuel-fired  furnaces.  As  a  matter  of 
fact,  the  electric  furnace  can  be  made  more  flexible  than 
other  furnaces,  and  thereby  gains  a  material  advantage. 
It  seems  hardly  necessary  to  add  that  the  successful 
electric  furnace  must  be  sturdy  and  reliable,  quite  as 
capable  of  performing  its  function,  day  in  and  day  out, 
under  regular  operating  conditions,  as  are  tlie  best  typa 
of  combustion  furnaces.  The  furnace  and  its  adjust- 
ments should  be  as  simple  as  possible,  although  with  a 
large  electric  furnace  it  is  permissible,  and  nearly  al- 
ways advisable,  to  use  a  higher  grade  of  operator  than 
would  be  employed  to  tend  fuel-fired  furnaces. 

FURNACE  DEVELOPMENT 

With  these  requirements  more  or  less  perfectly  in 
view,  a  great  variety  of  electric  furnace  types  have 
been  proposed  and  tried  out  for  melting  brass.  It  is 
hardly  an  exaggeration  to  say  that  every  known  method 
of  applying  electric  heat  to  a  metal  has  been  utilized 
by  one  or  another  of  various  designs  which  have 
reached  at  least  an  advanced  experimental  stage.     Some 
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of  these  types  have  been  eliminated  as  inherently  un- 
suited  for  the  purpose;  some  have  been  abandoned  be- 
cause of  difficulties  which  may  eventually  be  overcome 
by  other  investigators;  odiers,  partially  successful,  have 
apparently  reached  the  height  of  their  development ;  still 
others  seem  to  possess  greater  possibilities  of  ultimate 
success  than  have  yet  been  demonstrated. 

DIRECT-RESISTANCE  FURNACES 

The  most  obvious  method  of  reaching  a  high 
thermal  efficiency  without  overheating  the  alloy  is  to 
generate  heat  in  the  metal  itself  by  the  passage  of  an 
electric  current  through  it.  This  may  be  done  by 
means  of  a  direct  resistance  furnace,  in  which  electrical 
contact  with  the  metal  is  made  tlirough  electrodes,  or 
by  an  induction  furnace,  in  which  case  the  metal  forms 
a  complete  circuit  for  the  flow  of  an  induced  electric 
current,  without  the  use  of  electrodes.  In  either  case  it 
is  practically  necessary  to  establish  the  circuit,  initially, 
through  molten  metal  previously  melted  in  some  other 
furnace. 

THE   PINCII-EFFECT   FURNACE 

The  "pinch-effect"  direct-resistance  furnace  was 
the  first  to  utilize  this  principle.  In  this  type  the  elec- 
tric circuit  consists  of  two  or  more  vertical  or  inclined 
resistor  channels  in  the  hearth  of  the  furnace,  termi- 
nated at  the  lower  end  by  electrodes,  and  openmg  at 
the  upper  end  into  the  main  body  of  the  metal  bath, 
which  conducts  the  electric  current  from  one  resistor 
channel  to  another.  The  resistor  channels  are  so  de- 
signed as  to  length  and  cross-section  that  the  pinch 
phenomenon  occurs  in  them  continuously  during  oper- 
ation. The  resultant  effect  is  a  constant  stream  of  hot 
metal  issuing  from  the  resistor  channels,  with  consid- 
erable force,  into  the  bath  above,  while  colder  metal 
flows  down  to  take  its  place  and  is  heated  and  ejected  in 
its  turn.  Virtually  all  of  the  heat  is  generated  in  the 
molten  metal  temporarily  occupying  these  channels  or 
lubes.  The  main  portion  of  the  metal,  occupying  the 
furnace  chamber  above,  is  heated  by  contact  with  the 
hot  metal,  while  solid  metal  added  to  the  bath  is  melted 
by  the  same  means. 

The  stirring  action  of  the  moving  streams  of  metal 
is  vigorous  and  the  temperature  of  the  bath  rises  uni- 
formly. There  is  no  difficulty  in  restraining  the  vapori- 
zation of  zinc,  and  the  metallurgical  requirements  of 
any  single  alloy  are  almost  perfectly  fulfilled. 

Generation  of  heat  in  the  metal  itself  is  theo- 
retically ideal  from  the  standpoint  of  efficiency,  since  no 
part  of  the  furnace  is  any  hotter  than  the  metal,  and 
wall  losses  are  reduced  to  a  minimum.  In  this  case, 
however,  another  factor  tends  to  reduce  the  efficiency. 
The  operating  voltage  of  the  furnace  is  necessarily  very 
low  and  the  current  correspondingly  high.  The  mas- 
sive metallic  electrodes  are  excellent  conductors  of 
heat  and  require  a  considerable  degree  of  water  cool- 
ing. In  this  way  a  large  quantity  of  heat  escapes  from 
the  furnace,  and  the  thermal  efficiency  is  mucli  lower 
than  would  otherwise  be  the  case. 


Considerable  difficulty  has  also  been  experienced  in 
constructing  satisfactory  transformers  for  use  with 
such  extremely  low  voltages  and  high  currents. 

THE    INDUCTION    FURNACE 

The  next  step  in  this  development  was  the  applica- 
tion of  a  similar  principle  to  the  induction  furnace.  This 
eliminated  the  use  of  electrodes  and  the  troublesome 
transformers,  since  the  furnace  now  served  as  its  own 
transformer.  In  this  design  the  resistor  channels  meet 
at  their  lower  end,  two  of  them  forming  a  single  V- 
shaped  resistor,  opening  as  before  into  the  bath  above. 
Again  the  generation  of  heat  takes  place  in  the  resistor 
channels  and  the  same  vigorous  circulation  of  metal  re- 
sults. Whether  this  circulation  is  now  due  primarily 
to  the  pinch  phenomenon,  or  to  a  motor  effect  result- 
ing from  the  flow  of  current  through  the  continuous 
molten  resistor,  is  open  to  question.  It  is  difficult  to 
tell  where  one  phenomenon  stops  and  the  other  begins. 

The  thermal  efficiency  of  this  furnace,  operating,  as 
it  does,  without  electrodes,  is  very  high,  probably  higher 
than  that  of  any  other  electric  furnace  of  similar  size 
ever  tried  out  for  copper  alloy  work.  Its  metallurgical 
characteristics  are  also  excellent.  It  offers  a  perfectly 
steady,  uniform  load  at  a  power-factor  which  is  satis- 
factory, at  least  in  the  relatively  small  sizes  so  far 
built,  the  largest  taking  a  60  kw.  input  and  pouring  600 
lbs.  of  metal  per  heat.  In  larger  sizes  there  would 
probably  be  trouble  with  low  power-factor,  as  is  so  fre- 
quently the  case  with  large  induction  furnaces. 

The  induction  furnace  is  in  commercial  use  and  is 
said  to  be  giving  satisfactory  results.  It  has,  however, 
pronounced  limitations  which  are  partly  inherent  in  its 
design  and  partly  remediable.  Its  small  size  is  one  dis- 
advantage which  can  perhaps  be  overcome  to  some  ex- 
tent. It  has  not  so  far  been  found  practicable  to  use 
the  furnace  with  alloys  high  in  lead,  because  that  metal 
has  a  tendency  to  penetrate  minute  cracks  in  die  lining 
of  the  resistor  channels,  causing  short  circuits  and  dis- 
ruption of  the  lining.  The  remedy  for  this  awaits  the 
development  of  a  lining  suited  for  use  with  lead. 

The  more  serious  limitations  of  the  furnace  are  its 
lack  of  flexibility  in  changing  from  one  alloy  to  another 
and  the  practical  necessity  of  operating  it  continuously, 
allowing  the  furnace  to  cool  not  oftener  than  once  a 
week.  The  length  and  cross-section  of  the  resistor 
channels  are  especially  designed  to  correspond  with  the 
electrical  resistance — in  the  molten  state — of  the  alloy 
which  is  to  be  used.  The  same  resistor  channels  can- 
not be  employed  with  another  alloy  of  widely  different 
resistance,  which,  accordingly,  requires  the  installation 
of  new  channels  of  properly  modified  design.  In  chang- 
ing from  one  alloy  to  another,  even  if  the  resistance  is 
approximately  the  same,  it  is  necessary  to  pour  the  fur- 
nace clean  and  start  with  a  molten  charge  of  the  new 
alloy,  melted  in  another  furnace. 

The  linings  of  the  resistor  channels  stand  up  very 
well  under  continuous  use  but  deteriorate  rapidly  under 
the  daily  heating  and  cooling  of  eight  or  ten-hour  daily 
operation.     This  can  be  obviated  by  maintaining  over 
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night  sufficient  power  to  kev^p  the  channels  filled  with 
molten  metal,  which,  of  course,  results  in  some  addi- 
tion to  the  cost  of  operation. 

The  limitations  described  tend  to  prevent  the  use 
of  this  furnace  in  commercial  foundries,  which  melt  a 
wide  variety  of  alloys  and  do  not  work  nights,  but  are 
not  so  objectionable  in  rolling  mills,  to  the  purposes  of 
which  it  seems  fairly  well  suited.  Even  in  the  rolling 
mill,  however,  the  furnace  is  considerably  handicapped 
by  its  small  capacity  and  its  use  has  not  developed 
greatly  during  the  past  year. 

AN   INDIRECT  INDUCTION   FURNACE 

About  two  years  ago  there  was  proposed  a  new 
design  of  induction  furnace  which  would  not  be  subject 
to  these  limitations.  In  this  type  a  spark  gap  and  an 
arrangement  of  condensers  connected  in  series  and  in 
parallel  are  used  in  the  primary  circuit  of  the  furnace, 
which  operates  at  about  loooo  volts  and  some  15000 
to  20  000  cycles.  A  high-frequency  alternator  may  be 
used,  in  place  of  the  spark  gap  and  condensers,  to  pro- 
duce the  same  conditions.  The  secondary  of  the  fur- 
nace consists  of  a  crucible  or  melting  chamber  with 
electrically  conducting  walls ;  the  metal  within  the 
crucible  also  carries  part  of  the  secondary  current,  to  a 
minor  degree  when  it  is  first  charged  in  the  solid  form, 
to  a  much  greater  degree  when  it  becomes  molten.  The 
primary  circuit  is  arranged  around  the  melting  chamber 
and  separated  from  it  by  suitable  refractory  and  heat 
insulating  walls.  The  furnace  is,  in  a  sense,  an  eddy- 
current  furnace  rather  than  an  induction  furnace,  since 
no  iron  cores  are  used  and  the  metal,  lying  in  a  circular 
pool,  completely  short  circuits  what,  in  an  induction 
furnace  of  the  usual  type,  would  be  called  the  second- 
ary circuit.  This  unique  arrangement  is  made  possible 
by  the  exceedingly  high  frequency  used. 

This  furnace  has  only  been  built  in  very  small 
sizes,  capable  of  pouring  not  more  than  45  lbs.  of  metal 
per  heat.  It  has  been  used  primarily  for  laboratory 
purposes  and  for  the  preparation  of  carbon-free  alloys 
of  some  of  the  rare  and  more  refractory  metals.  Up 
to  the  present  time  no  serious  attempt  has  been  made  to 
market  it  as  a  brass-melting  furnace  and  it  requires 
much  development  before  this  could  be  done. 

The  design  of  the  furnace  is  so  new  and  unusual 
that  it  is  difficult  to  predict  tlie  performance  of  larger 
sizes,  as  to  efficiency,  power-factor,  etc.  There  is  no 
apparent  reason  why  the  metallurgical  characteristics 
should  not  be  good,  and  the  construction  of  the  metal- 
containing  portion  of  the  furnace  is  desirably  simple. 
On  the  other  hand,  the  electrical  primary  of  the  furnace 
is  expensive,  cumbersome  and  complicated,  reqtiiring 
■special  construction  entirely  out  of  the  range  nf  ordi- 
nary electrical  equipment.  It  is  obviously  unnecessan' 
to  use  molten  metal  in  starting  the  furnace.  Any  alloy 
or  even  non-conducting  material,  such  as  glass,  can  be 
melted  without  changing  the  furnace  design.  The  fur- 
nace is  suitable  for  intermittent  operation  and  need  not 
be  kept  hot  over  night. 


DIRECT-ARC  FURNACES 

The  application  of  direct-arc  furnaces  to  copper- 
alloy  melting  has  been  rather  limited.  One  or  two  fur- 
naces designed  for  steel  melting  have  been  tried,  but  no 
new  type  of  direct-arc  furnace  has  been  developed  for 
this  specific  purpose.  No  furnace  of  this  general  type 
has  ever  succeeded  in  satisfactorily  melting  yellow 
brass,  or  other  copper  alloys  containing  an  appreciable 
percentage  of  zinc.  The  high-temperature  heat  source 
in  direct  contact  with  the  bath  overheats  the  metal  and 
invariably  causes  an  excessive  loss  of  zinc. 

With  copper  alloys  containing  no  zinc  the  case  is 
somewhat  different,  since  lack  of  uniformity  in  heating 
is  less  likely  to  result  in  serious  loss.  In  a  direct-arc 
furnace  of  small  size  it  has  been  found  possible  to  melt 
a  copper  alloy  containing  as  much  as  15  to  20  percent  of 
lead  at  a  loss  less  than  that  commonly  experienced  with 
the  same  alloy  in  fuel-fired  crucible  furnaces.  In 
larger  furnaces  the  results  were  not  so  good,  since  the 
greatly  increased  rate  of  heat  input  supplied  heat  to  the 
metal,  in  the  neighborhood  of  the  arc,  more  rapidly  than 
it  could  be  conducted  away  to  more  distant  portions. 
In  this  way  the  surface  of  the  metal  becomes  overheated 
while  other  parts  of  the  bath  are  still  much  below  the 
desired  temperature. 

The  direct-arc  furnace  has  the  advantage  of  sim- 
plicity and  high  thermal  efficiency;  its  design  has  been 
more  highly  developed  and  perfected  than  that  of  most 
other  electric-furnace  types,  and,  since  it  is  so  widely 
used  in  the  steel  industry,  several  furnace  designs  are 
on  the  market,  reliable  and  readily  available.  It  is  very 
doubtful,  however,  if  any  direct-arc  furnace  deserves 
wide  application  for  melting  copper  alloys.  Its  use  is 
limited  to  only  a  few  of  the  common  alloys,  and,  if 
large  units  are  employed,  the  metal  loss,  even  with 
these  alloys,  is  likely  to  be  serious. 

During  the  war  at  least  one  direct-arc  furnace  in^ 
stallation  held  its  place  by  virtue  of  its  simplicity,  elim- 
ination of  crucible  cost,  and  its  high  rate  of  production, 
at  a  time  when  these  qualities  were  at  a  premium.  Even 
in  this  installation  the  continued  use  of  direct-arc  fur- 
naces is  highly  problematical,  while  new  installations, 
of  a  similar  character,  are  not  likely  to  be  made. 

INDIRECT-ARC   FURNACES 

The  intensity  of  heat  application  to  the  metal  is 
lessened  somewhat  by  using  an  arc  between  two  or 
more  independent  electrodes  above  the  bath,  heating  the 
latter  by  direct  radiation.  This  is  the  principle  of  the 
usual  type  of  indirect-arc  furnace.  The  arc  does  not 
come  in  direct  contact  with  the  metal  and  the  latter 
forms  no  part  of  the  electric  circuit.  It  is  apparent 
that  in  this  type  of  furnace  the  surface  of  the  metal  is 
not  so  seriously  overheated  as  in  the  direct-arc  fur- 
nace but  such  overheating  as  does  take  place  is,  never- 
theless, too  severe  to  permit  the  use  of  these  furnaces 
in  melting  yellow  brass.  The  indirect-arc  furnace  can 
be  used  economically  with  alloys  containing  5  to  10 
percent  of  zinc.     Several  of  these  furnaces  are  now  in 
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use  in  this  country  for  melting  copper  alloys  containing 
small  percentages  of  zinc. 

THE    ROCKING   IKDIRECT-ARC    FURNACE 

In  a  new  type  of  indirect-arc  furnace,  placed  on  the 
market  about  a  year  ago  and  widely  adopted  since  that 
time,  the  metal,  as  soon  as  it  becomes  molten,  is  agi- 
tated by  rocking  the  furnace  mechanically,  in  order  to 
avoid  overheating  of  the  surface  layer.  In  this  way 
surface  overheating  is  eliminated  and  all  parts  of  the 
bath  are  heated  with  remarkable  uniformity.  All 
grades  of  copper  alloys,  including  yellow  brass,  have 
been  successfully  melted  in  this  furnace,  the  loss  of  zinc 
and  other  volatile  metals  having  been  reduced  almost 
to  the  vanishing  point. 

The  efficiency  of  this  type  of  furnace  is  very  high, 
much  higher  than  that  of  the  stationary  indirect-arc 
furnace,  somewhat  higher  than  that  of  the  direct-arc 
furnace;  in  fact,  it  is  practically  on  a  par  with  the  in- 
duction furnace  in  this  respect.  The  increased  effi- 
ciency of  the  rocking  indirect-arc  furnace  is  due  to  heat 
reclaimed  from  the  walls  of  the  furnace,  a  sort  of  re- 
generative process.  In  any  stationary  arc  furnace  all 
parts  of  the  furnace  chamber  which  are  located  above 
the  metal  line  are  superheated  by  the  arc  to  a  temper- 
ature considerably  above  that  of  the  metal,  and  the 
radiation  losses  from  furnace  roof  and  walls  are  large. 
In  the  rocking  furnace  about  four-fifths  of  the  area  of 
brick  exposed  to  direct  radiation  from  the  arc  is 
washed  twice  each  minute  by  the  cooler  metal,  which 
absorbs  the  excess  heat  in  the  brickwork  and  thus  in- 
creases the  percentage  of  heat  usefully  applied. 

The  vigorous  mixing  which  the  metal  in  the  fur- 
nace undergoes  results  not  only  in  uniformity  of  tem- 
perature but  also  in  uniformity  of  composition.  This 
is  a  particularly  important  feature  in  the  melting  of 
alloys  high  in  lead,  which  are  notoriously  difficult  to 
produce  in  homogeneous  mixtures.  Unfortunately 
these  alloys,  as  already  mentioned,  cannot  be  handled  in 
the  induction  furnace,  which  would  otherwise  be  re- 
markably suitable  for  the  purpose  because  of  its  vigor- 
ous mixing  action.  In  the  rocking  arc  furnace,  how- 
ever, alloys  containing  as  much  as  25  percent  of  lead 
have  been  poured  into  homogeneous  ingot  and  castings 
without  any  mechanical  stirring  other  than  that  offered 
by  the  furnace  itself. 

The  success  of  this  type  of  furnace  has  been  due 
primarily  to  the  fact  that  it  combines  the  high  effi- 
ciency and  rapid  melting  of  the  arc  furnace  with  the 
high  quality  of  metallurgical  performance  previou4y 
obtained  only  in  the  laboratory  or  in  less  efficient  types 
of  furnace.  It  has  also  been  found  capable  of  hand- 
ling lower  grades  of  scrap  than  have  commonly  been 
melted  in  any  furnace  except  the  reverberatory.  In  the 
vocking  furnace  the  melting  of  brass  and  other  copper 
alloys  has  been  placed  on  nearly  as  simple  a  basis  as 
that  which  has  made  the  electric  melting  of  steel  so 
successful. 

There  has  recently  been  proposed  a  modification  of 
the  rocking  indirect-arc  furnace,  in  which  the  furnace 


body  is  continuously  rotated  instead  of  being  rocked 
backward  and  forward  through  a  limited  arc.  This 
new  design  is  apparently  based  on  the  assumption  that 
if  partial  rotation  is  good,  complete  rotation  would  be 
better.  This  conclusion,  however,  overlooks  the  im- 
portance of  several  features  which  have  played  a 
prominent  part  in  the  success  of  the  rocking  furnace. 

In  the  first  place,  although  rocking  of  the  furnace 
is  unnecessary  during  the  first  few  minutes  of  the  heat, 
while  the  metal  is  still  entirely  solid,  it  is  necessary  to 
begin  the  mixing  process  before  all  of  the  metal  is 
melted,  since  otherwise  an  excessive  volatilization  of 
zinc  will  begin  at  this  point.  The  initial  rock,  begun  at 
this  time,  must  be  moderate  in  degree  or  pieces  of  solid 
metal  will  fall  against  the  electrodes  and  break  them. 
This  initial  rock  is  gradually  increased  until,  when  the 
charge  is  entirely  molten,  the  full  rock  is  employed.  In 
this  way  the  degree  of  agitation  is  always  suited  to  the 
condition  of  the  charge  and  metal  losses  are  avoided 
without  endangering  the  electrodes.  If,  at  the  temper- 
ature where  zinc  begins  to  volatilize  in  quantity,  the  fur- 
nace were  to  be  completely  rotated,  breakage  of  elec- 
trodes by  unmelted  portions  of  the  charge  could  not  be 
avoided,  unless  indeed  the  charge  consisted  entirely  of 
borings  and  very  thin  scrap,  of  such  light  weight  that 
the  electrodes  could  receive  its  impact  with  impunity. 
If,  on  the  other  hand,  agitation  of  the  metal  is  deferred 
until  the  furnace  can  be  completely  rotated  without 
danger  to  the  electrodes,  surface  overheating,  accom- 
panied by  serious  metal  losses,  cannot  be  avoided. 

Complete  rotation  of  the  furnace  also  complicates 
the  electrical  and  mechanical  design  to  an  undesirable 
degree.  Since  the  electrodes  must  rotate  with  the  fur- 
nace, it  is  necessaiy  to  conduct  the  electric  current  from 
the  bus  terminals  to  the  electrodes  through  shoes  which 
make  contact  with  copper  slip  rings  on  the  furnace 
shell,  somewhat  similar  to  the  contact  employed  between 
the  third  rail  and  shoe  in  the  third-rail  system  of  elec- 
tric traction.  While  this  can  be  done  with  fair  success 
so  long  as  the  electric  current  is  relatively  small,  it  is 
well  nigh  out  of  the  question  for  the  heavy  currents  re- 
quired by  large  electric  furnaces.  With  complete  ro- 
tation of  the  furnace  it  is  also  necessary  to  carry  the 
cooling  water,  required  by  the  electrode  holders, 
through  a  sort  of  revolving  universal  joint. 

There  seems  no  reason  to  suppose  that  complete 
rotation  of  the  furnace  will  improve  the  metalluigical 
or  electrical  performance  in  any  way,  while  it  cert? inly 
conflicts  seriously  with  ihe  requirement  that  the  dec- 
trical  and  mechanical  design  of  any  electric  furnace 
must  be  as  simple  as  it  can  be  made,  in  order  to  ;;void 
interruptions  in  operation  and  high  maintenance  cost. 
It  is  also  to  be  doubted  whether  complete  rotation  of 
the  furnace  is  so  conducive  to  thorough  mixing  of  the 
metal  as  is  the  rapid  reversal  of  rotation  employed  by 
the  rocking  furnace. 

INDTRr.CT-RESISTANCE  FURNACES 

Re.'^istrmce  fuinaces  which  do  not  utilize  the  metal 
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itself  as  an  electric  resistor  may  be  grouped  in  three 
classes: — (i)  Those  which  radiate  heat  directly  to  the 
metal,  similar  in  principle  to  the  stationary  indirect-arc 
furnace;  (2)  those  which  radiate  heat  to  the  furnace 
roof  and  thence  to  the  metal  by  reflection  and  second- 
ary radiation;  and  (3)  those  which  feed  heat  to  the 
metal  by  conduction  through  a  refractory  wall. 

Heating  by  direct  radiation  is  the  most  desirable  of 
the  three  from  the  standpoint  of  efficiency.  For  this 
purpose  it  is  practically  necessary  to  support  the  re- 
sistor above  the  bath  in  some  manner,  and  this  has  never 
been  done  successfully  in  furnaces  of  any  considerable 
size.  In  small  furnaces  it  has  been  possible  to  utilize 
this  principle  and  to  melt  brass  satisfactorily  without 
overheating  the  surface  of  the  metal  to  an  undesirable 
degree,  since,  as  compared  with  an  arc,  the  resistor  has 
a  large  area  and  operates  at  a  much  lower  temperature. 
At  the  same  melting  speed  the  application  of  heat  to  the 
metal  is  more  uniform  but  the  efficiency  is  less. 

This  type  of  furnace  is  applicable  to  yellow  brass 
but  is  not  in  commercial  use  because  of  the  mechanical 
difficulties  involved  in  its  construction.  The  possibility, 
of  its  eventual  use  depends  upon  the  development  of  a 
resistor  material  which  is  at  once  highly  refractory, 
homogeneous,  mechanically  strong  at  high  temper- 
atures, and  possessed  of  a  fairly  high  electrical  resist- 
ance at  the  working  temperature  of  the  furnace. 

The  second  type  named  ranks  next  in  the  order 
of  thermal  efficiency.  In  this  design  a  refractory  wall 
separates  the  resistor  from  the  metal — although  not 
necessarily  in  contact  with  the  metal — and  the  major 
portion  of  the  heat  is  radiated  from  the  resistor  to  the 
furnace  roof,  the  latter  acting  as  a  secondary  heat 
source  which  reflects  and  radiates  part  of  the  heat  which 
it  receives  to  the  bath  beneath  it.  The  heat  has  to 
travel  rather  a  long  path  and  much  of  it  is  lost  by  the 
wayside.  As  a  result,  the  furnace  is  not  so  efficient  in 
principle  as  those  previously  discussed.  In  order  to 
stimulate  a  reasonably  rapid  flow  of  heat  the  resistor 
element  must  be  much  hotter  than  the  roof,  and  the 
roof,  in  turn,  much  hotter  than  the  metal.  Thus  the 
possibility  of  a  rapid  rate  of  melting  depends  upon  the 
use  of  a  resistor  capable  of  operating  at  a  temperature 
very  much  above  that  of  the  metal,  even  at  its  pouring 
point.  The  furnace  roof  must  be  exceedingly  refrac- 
tory and  the  brickwork  in  the  immediate  neighborhood 
of  the  resistor  must  be  even  more  refractory  than  the 
roof.  In  the  present  state  of  the  art  these  conditions 
are  difficult  to  meet,  and  the  melting  speed  of  this  type 
of  furnace  is  consequently  somewhat  limited. 

The  furnace,  in  common  with  other  indirect-resist- 
ance furnaces,  contends  with  another  disadvantage, 
somewhat  minor  in  character  but  worth  considering, 
which  is  not  found  in  direct-resistance  furnaces  nor,  to 
any  great  degree,  in  arc  furnaces.  The  heat  storage  of 
the  furnace  is  large  and  the  stored  heat  is  at  a  temper- 
ature higher  than  that  of  the  metal.  As  a  consequence 
the  temperature  of  the  metal  will  continue  to  increase 


after  power  has  been  shut  off.  When  the  metal  has 
reached  its  desired  pouring  temperature  it  must  be 
poured  promptly  in  order  to  avoid  overheating.  It  is 
often  impossible  to  hold  the  molten  charge  in  the  fur- 
nace, even  for  a  few  minutes,  without  serious  loss. 

This  is  the  only  form  of  indirect-resistance  furnace 
which  has  found  commercial  use  for  melting  copper 
alloys.  In  its  present  form,  it  is  simple,  fairly  reliable, 
easy  to  operate,  and  can  be  used  on  practically  any  al- 
loy, for  either  intermittent  or  continuous  operation.  On 
intermittent  operation,  however,  it  should  be  kept  hot 
overnight  because  of  the  sluggishness  which  otherwise 
would  greatly  retard  its  production  during  an  eight  or 
ten-hour  day.  So  far  as  the  saving  of  metal  is  con- 
cerned, its  metallurgical  characteristics  are  excellent. 
It  does  not,  however,  possess  the  metal-mixing  char- 
acteristic which  is  such  an  important  feature  of  both  the 
induction  and  rocking  arc  furnaces,  and  it  does  not 
operate  particularly  well  on  borings  or  other  low 
grades  of  scrap.  It  is  more  suitable  for  use  with  clean 
yellow  scrap  than  for  any  other  character  of  charge. 
Its  rate  of  melting  is  not  rapid  and  it  is  much  less  effi- 
cient than  any  furnace  previously  described. 

A  similar  type  of  furnace  utilizes  a  combination  of 
arcs  and  resistance  elements,  all  radiating  heat  to  the 
furnace  roof,  which,  as  in  the  furnace  just  described, 
serves  as  a  secondary  heat  source.  The  use  of  arcs 
makes  possible  a  considerably  higher  power  input  than 
in  the  furnace  last  described,  more  rapid  melting,  and 
probably  a  slightly  more  favorable  efficiency,  provided 
a  sufficiently  refractory  roof  is  used.  A  very  high  effi- 
ciency cannot,  however,  be  expected  from  this  type  of 
furnace.  Although  the  furnace  has  been  under  devel- 
opment for  two  years,  and  is  now  nominally  on  the 
market,  serious  difficulties  in  design  have  been  en- 
countered which  have  so  far  postponed  any  extensive 
use  of  this  type. 

The  least  efficient  method  of  transferring  heat 
from  its  source  to  the  metal  is  to  force  it  through  a  re- 
fractory wall,  even  though  this  wall  be  that  of  a  day- 
graphite  crucible,  a  mixture  which  has  a  fairly  high 
heat  conductivity.  Theoretically,  the  least  undesirable 
arrangement  under  these  conditions  is  to  enclose  the 
resistor  in  the  refractory  wall,  or  to  use  the  wall  itself 
as  a  resistor.  In  the  latter  case  the  wall  must  be  sepa- 
rated from  the  metal  by  an  insulating  layer  to  prevent 
short-circuiting  of  the  electric  current  through  the  bath. 
It  is  not  an  easy  matter  to  make  this  insulation  perman- 
ent and  this  factor  has  been  a  serious  source  of  diffi- 
culty. A  resistor  enclosed  in  a  refractory  wall  tends 
to  reach  excessively  high  internal  temperatures,  and  no 
material  has  yet  been  found,  satisfactory  in  other  re- 
spects, which  will  not  destroy  itself  under  these  condi- 
tions. Another  troublesome  difficulty  results  from  the 
ease  with  which  most  resistor  materials  unite  chemi- 
cally with  the  furnace  refractories  at  high  temperatures, 
thereby  destroying  both  themselves  and  the  refractories. 
Some  two  or  three  furnace  types  designed  to  make  use 
of  this  principle  have  been  uniformly  unsuccessful. 
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ELECTRIC   CRUCIBLE  FURNACES 

Finally,  it  is  possible  to  melt  brass  in  a  crucible  by 
means  of  resistor  elements  which  surround  but  do  not 
touch  the  crucible.  Perhaps  the  most  perfect  results, 
from  a  metallurgical  standpoint,  can  be  obtained  in  this 
manner,  but  diermal  efficiency  is  at  a  minimum,  and, 
in  any  case,  the  electric  crucible  furnace  lacks  most  of 
the  secondary  advantages  upon  which  the  electric  brass 
melting  furnace  must  depend  in  part  for  its  successful 
use.  It  is  possible  that,  in  cases  where  perfection  of 
metallurgical  results  is  by  far  the  most  important  con- 
sideration, an  electric  crucible  furnace  can  profitably  be 
employed,  but,  so  far  as  is  known  to  the  writer,  no 
commercial  installation  of  this  kind  exists. 

In  thermal  efficiency  the  crucible  furnace  takes  its 
place  at  the  bottom  of  the  list.  Its  energj'  consumption 
per  ton  of  metal  produced  is  about  three  times  that  of 
the  induction  or  rocking  arc  furnaces.  One  or  two  at- 
tempts have  been  made  to  improve  the  efficiency  by 
constructing  a  multiple-crucible  furnace,  with  resistor 
elements  suitably  arranged  between  crucibles.  In  this 
way  it  is  possible  to  make  a  substantial  gain  in  efficiency, 
but  there  are  serious  objections  to  this  type  of  construc- 
tion and  its  development  never  progressed  very  far. 

PRESENT  STATUS  OF  ELECTRIC  MELTING 

To  sum  up,  then,  we  find  that  there  are  five  types 
of  electric  furnace  in  commercial  use  for  melting  copper 
alloys.  Of  these,  two  types,  the  direct-arc  and  station- 
ary indirect-arc  furnaces,  are  really  steel-melting  fur- 
naces temporarily  adopted  for  brass-melting  purposes 
because  at  the  time  of  their  adoption,  nothing  better 
was  available.  The  direct-arc  furnace  is  used  for  this 
purjwse  in  only  one  commercial  installation ;  its  limi- 
tations and  disadvantages  are  so  serious  that  its  further 
use  is  not  to  be  expected.  The  stationary  indirect-arc 
furnace  is  somewhat  more  widely  used,  but,  while  some^ 
what  better  than  the  direct-arc  furnace,  it  is  not  par- 
ticularly well  suited  for  the  purpose.  Its  use  is  limited 
to  only  a  few  of  the  copper  alloys  in  common  use. 

The  remaining  three  types  were  especially  designed 
for  brass  melting  and,  from  the  metallurgical  viewpoint, 
all  three  are  far  superior  to  either  the  direct-arc  or  the 
stationary  indirect-arc  furnace.  The  induction  furnace 
is  highly  efficient  but  seriously  limited  in  its  application. 
For  continuous  operation  on  yellow  brass  of  constant 
composition  its  small  size  is  its  only  weighty  disadvan- 
tage. The  requirement  that  it  must  be  operated  con- 
tinuously and  without  change  of  alloy  limits  its  use  to 
certain  highly  specialized  divisions  of  rolling-mill  and 
smelting  work.  The  rocking  indirect-arc  furnace  is 
nearly  if  not  quite  as  efficient  as  the  induction  furnace, 
can  be  built  in  much  larger  sizes,  and  shows  a  per- 
formance throughout  the  field  of  copper-alloy  melting 
quite  as  favorable  as  that  of  the  induction  furnace  in 
its  more  circumscribed  province.  It  is  equally  suitable 
for  intermittent  or  continuous  operation  and  will 
handle  any  desired  variety  of  alloys.  The  indirect-re- 
sistance furnace  is  much  more  flexible  in  its  use  than 


the  induction  furnace,  somewhat  less  flexible  than  the 
rocking  indirect-arc  furnace,  and  far  less  efficient  than 
either.  Its  low  efficiency  and  .slowness  of  melting  are 
its  principal  handicaps. 

Thorough  mixing  of  the  metal  during  the  melting 
oj)eration  is  a  new  and  important  advantage  which  the 
electric  furnace  has  introduced  in  the  brass  indusvn,-. 
The  uniformity  of  metal  composition  and  structure,  as 
well  as  the  even  temperature  of  the  metal,  which  this 
mixing  produces,  is  often  of  incalculable  benefit.  In  a 
sense,  it  results  in  a  quality  superiority  for  electric  brass 
comparable  to  the  well  known  superior  quality  of  elec- 
tric steel.  This  feature  is  found  only  in  the  induction 
and  rocking  indirect-arc  furnaces. 

PROSPECTS  FOR  THE  IMMEDIATE  FUTURE 

The  introduction  of  anjr  radically  new  features  in 
the  design  of  electric  furnaces  for  melting  brass  does 
not  seem  likely.  The  field  has  been  pretty  well  thrashed 
over  and  the  designs  at  present  in  use  have  developed 
logically,  through  years  of  experiment  and  trial,  from  a 
large  number  of  unsuccessful  or  only  pirtially  success- 
ful attempts  to  build  an  electric  furnace  really  adapted 
for  the  melting  of  copper  alloys.  There  wili.  of  course, 
be  improvement  in  mechanical  and  electrical  features. 
The  use  of  electric  brass  furnaces  is  still  rather 
new  to  the  industry  and  great  improvement  is  *:o  be 
expected  in  the  methods  of  their  use.  Veiy  few  fur- 
nace installations  are  showing  the  maximum  perform- 
ance of  which  they  are  capable.  This  is,  of  coitrse,  no 
more  than  natural,  since  electric  melting  differs  in  m  my 
important  respects  from  the  older  methods  and  it  takes 
time  to  induce  the  corresponding  charges  in  the  human 
equation  of  the  foundry.  Other  important  develop- 
ments are  likely  to  come  from  the  adoption  of  new  and 
improved  foundry  equipment  especially  designed  to  take 
advantage  of  the  possibilities  which  electric  melring 
present. 

It  is  estimated  on  reliable  authority  that  about  one 
percent  of  the  brass  melting  in  the  United  States  is  now 
done  electrically  and  that  approximately  90  percent 
could  profitably  be  done  in  this  manner.  The  intro- 
duction of  electric  brass  furnaces  is  at  present  proceed- 
ing very  rapidly,  more  rapidly  than  was  ever  the  case 
with  electric  steel  furnaces.  Brass  rolling-mills,  in 
particular,  are  adopting  the  electric  furnace  and  lav-ng 
plans  for  its  more  extensive  use.  It  seems  probable 
that  electric  melting  equipment  will  be  standard  in  all 
rolling  mills  within  a  year  or  two.  One  rolling-mill  is 
advertising  electric  brass  as  the  greatest  advance  in 
that  industry  during  the  past  140  years  and  claims  to 
melt  its  entire  output  in  that  manner.  Foundries  and 
smelting  plants  are  moving  more  slowly  but  none  the 
less  surely  toward  the  same  end. 

The  brass  industry  is  essentially  conservative  and 
it  will  probably  be  some  time  before  the  entire  90  per- 
cent adopts  electric  melting  but  a  period  of  five  years 
from  the  present  is  likely  to  see  75  percent  of  this 
country's  output  of  brass  melted  electrically. 


F.  R.  Burt 

Steel  Mill  Engineering  Dept., 

Westinghousc  Electric  &  Mfg.  Company 


CONSIDERABLE  interest  has  been  shown  re- 
cently in  the  use  of  alternating-current  motors 
for  skip  hoist  service — a  field  that  has  been 
covered  almost  exclusively  by  direct-current  equipment. 
In  general,  the  requirements  of  the  service,  as  far  as  the 
electrical  equipment  is  concerned,  are  as  follows : — 

High  starting  torque — The  motor  must  be  able  to  start 
under  maximum  load  conditions  each  time  a  hoist  is  made. 
Positive  slow  down  and  accurate  stop — When  pulling 
over  the  knuckle  at  the  top  of  the  track,  and  into  the 
dumping  position,  a  slow  speed  is  necessary  and  the  speed, 
as  well  as  the  point  at  which  the  stop  is  made,  should  be 
the  same  under  all  conditions  of  load. 

Continuity  of   service — This   point  applies   particularly 
to  blast   furnace  hoists,  which  are  in  service  continuously 


FIG.    I — SCHEMATIC    CROSS-SECTION    THROUGH    THE    CENTER    OF    THE 
SINTERING    PLANT 

Showing  the  relative  positions  of  the  equipment  and  the  manner 
in  which  the  material  is  handled. 

24  hours  a  day,  365  days  in  the  year,  and  for  periods  as  high 
as  eight  years  at  a  stretch. 

Safety — Provisions    must    be    made    to    insure    against 
overspeed,  over-travel  and  slack  cable. 

The  above  requirements  are  met  in  a  very  satisfac- 
tory manner  by  an  alternating-current  induction  motor 
having  a  two-speed  winding.  In  fact,  a  motor  of  this 
type  gives  better  operation  on  slow  speed  than  does  a 
direct-current  machine,  since  the  speed  is  more  uniform 
under  varying  loads. 

A  hoist  driven  by  a  motor  of  this  type  has  recently 
been  put  into  operation  at  the  sintering  plant  of  one  of 


the  larger  steel  companies.  This  sintering  plant  was 
constructed  for  the  purpose  of  reclaiming  the  flue  dust 
from  their  blast  furnaces  and  converting  it  into  a  pro- 
duct from  which  the  iron  can  be  recovered. 

Gas,  as  it  comes  from  the  blast  furnaces,  is  heavily 
laden  with  a  fine  brown  dust  which  must  be  removed 
before  the  gas  can  be  used.  This  is  done  by  dust 
catchers  located  at  intervals  along  the  flue  leading  from 
the  furnaces.  This  dust  is  comparatively  rich  in  iron, 
but  cannot  be  charged  back  into  the  furnace  in  its  finely 
divided  condition  since  it  would  simply  be  carried  out 
again  by  the  blast.  However,  if  it  is  converted  into 
some  form  not  so  susceptible  to  strong  air  currents,  a 
certain  percentage  of  it  can  be  re-charged  into  the  fur- 
^ace  and  the  iron  re-claimed.  This  is  the  purpose  of 
:he  sintering  operation. 

The  flue  dust  is  hauled  from  the  furnaces  to  the 
sintering  plant,  where  it  is  screened  and  enough  water 
mixed  with  it  to  facilitate  handling.     It  is  then  put  in- 


FIG.    2 — GENERAL   ARRANGEMENT  OF   THE    HOIST   PARTS 

With  a  schematic  diagram  of  the  main  circuits. 

to  bunkers.  A  larry  car  conveys  it  from  the  various 
bunkers  to  the  hoist  bucket.  It  is  hoisted  to  the  top  of 
the  building  and  dumped  into  another  bunker,  from 
which  it  is  discharged  by  gravity  down  through  the 
mixer  into  the  charging  car.  The  charging  car  runs 
astride  a  stationary  grate  arrangement  called  a  pan,  and 
as  it  travels  over  this  pan,  it  deposits  on  it  a  layer  of 
damp  flue  dust.  The  charging  car  is  followed  by  the 
ignition  car  which  ignites  the  coke  in  the  flue  dust.  A 
down  draft  through  the  pan  promotes  combustion. 
When  the  process  is  completed  the  resulting  cinder  is 
hauled  back  to  the  blast  furnaces. 

The  hoist  used  to  elevate  the  flue  dust  to  the  upper 
bunkers  is  a  vertical,  double-balanced  skip,  the  height 
being  105  feet  to  the  knuckle  and  11 1  feet  to  the  dead 
point.  Each  bucket  weighs  9000  lbs.  and  carries  a  net 
load  of  24  000  lbs.  of  flue  dust.  It  is  driven  by  a  125-40 
horse-power,  three-phase,  25  cycle,  220  volt,  two-speed 
wound  rotor  motor,  wound  for  6  and  18  poles.  The 
full-load  speed  on  the  high-speed  winding  is  480  r.p.m. 
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and  on  the  low  speed  winding  i6o  r.p.m.  The  compara- 
tively low  ratio  between  high  and  low  speed — 3  to  i — 
is  due  to  the  fact  that  the  maximum  rope  speed  is  low. 
The  double  drums  are  six  feet  in  diameter  and  are 
driven  through  a  triple  gear  reduction  at  a  speed  of 
5.3  r.p.m.  high  and  1.77  r.p.m.  low.  This  gives  a  rope 
speed  of  100  feet  per  minute  when  running  on  the  six 
I)Qle  winding  and  33.3  feet  per  minute  when  running 
on  the  18  pole  winding. 

The  operation  of  the  hoist  is  controlled  by  a  for- 
ward and  reverse  master  switch  in  the  operator's  pulpit, 
and  a  sequence  and  limit  switch  geared  to  the  end  of 
the  drum  shaft.  On  the  contactor  panel  are  mounted 
the  directional  switches,  pole  changing  switches  for  the 
primary  winding,  accelerating  switches,  and  overload 
and  no-voltage  relays.  No  pole  changing  switches  are 
used  in  the  secondary  circuit.  Although  separate 
windings  are  used  on  the  rotor  for  the  two  speeds,  the 
motor  is  so  designed  that  when  operating  at  the  18  pole 


the  "off"  position  before  another  start  can  be  made. 

Graphic  meter  charts,  showing  the  load  and  speed 
conditions  on  this  hoist,  are  shown  in  Fig.  3  which  in- 
dicate the  power  input  and  speed  when  hoisting  a  full 
bucket.  Section  o  to  &  is  the  accelerating  peak.  This 
is  an  initial  installation  and  a  motor  with  a  very  high 
maximum  torque  was  applied.  Over  the  section  b  Xo  c 
the  motor  is  running  at  full  speed,  but  the  empty  bucket 
which  is  at  the  top  and  being  lowered,  has  not  descended 
over  the  knuckle  and  all  of  its  weight  is  not  effective  in 
balancing  the  ascending  skip.  At  c  the  descending 
bucket  rounds  the  knuckle  and  from  here  to  d  both 
skips  are  on  the  vertical  portion  of  the  track.  At  d 
the  slow-down  feature  operates,  the  rope  speed  being 
reduced  from  100  feet  per  minute  to  33  feet  per  minute. 
This  occurs  jtist  as  the  ascending  skip  starts  to  go  over 
the  knuckle.  From  d  to  e  the  ascending  load  is  pulling 
up  in  the  dumping  position,  a  large  amount  of  its  ef- 
fective weight  being  removed.     This  causes  the  load 
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KIi;.    3 — GR.M'HIC   RECORD    OF    LOAD   AND    SPEED 

When  hoisting  a  full  bucket. 

speed  the  six  pole  rotor  winding  has  no  effect  and  vice 
versa. 

A  shunt  brake  is  mounted  on  the  motor  shaft.  This 
brake  is  set  by  springs  and  released  by  a  magnet  con- 
nected across  the  motor  leads  so  that  the  brake  is  set 
whenever  power  is  off  the  motor.  A  slack  cable  switch, 
safety  switch  and  overspeed  device  are  provided,  the 
operation  of  any  one  of  which  will  open  the  control 
circuit  and  apply  the  brakes. 

When  the  operator  moves  the  master  switch  to  the 
"forward"  or  "reverse"  position,  the  proper  directional 
switch  closes,  the  brake  is  released  and  the  motor  ac- 
celerates on  the  high-speed  winding.  When  the  bucket 
reaches  the  knuckle  at  the  top  of  the  track,  the  geared 
limit  switch  opens  one  contact  and  closes  another,  which 
transfers  the  power  from  the  6  pole  winding  to  the  18 
pole  winding,  and  the  rope  speed  slows  down  to  33  feet 
per  minute.  When  the  dumping  position  is  reached, 
another  contact  on  the  limit  switch  opens  the  control 
circuit,  cutting  the  motor  off  the  line  and  applying  the 
brake.  If  any  of  the  safety  devices  operate  and  slop 
the  hoist,  it  is  necessary  to  return  the  master  switch  to 
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FIG.  4 — GRAPHIC  RECORD  OF  LOAD  AND  SPEED 

With  both  buckets  empty. 

over  this  portion  of  the  curve  to  be  very  light.  At  e 
the  liinit  switch  opens  the  control  circuit  and  the  brake 
is  applied,  bringing  the  hoist  to  rest  with  the  upper 
bucket  in  the  dumping  position  and  the  lower  one  in  the 
pit  ready  for  loading. 

In  Fig.  4,  which  is  similar  to  Fig.  3  except  that 
both  buckets  were  empty  during  the  hoist,  acceleration 
is  appreciably  faster  but  the  speed,  both  before  and 
:ifter  slow  down,  is  the  same  as  under  the  heavy  load. 
At  the  point  of  change-over,  a  short  peak  is  recorded. 
For  an  instant  after  the  power  is  transferred  to  the  low- 
speed  winding,  the  motor  runs  above  synchronous 
speed  as  an  induction  generator.  This  continues  only 
until  the  speed  has  been  reduced  to  the  18  pole  speed. 
'ibis  peak  is  not  experienced  when  running  with  the 
bucket  full,  on  account  of  the  much  larger  positive  load 
which  reduces  the  speed  immediately  upon  changing 
windings.  The  no-load  power  curve  .shows  that  after 
the  ascending  bucket  pulls  over  the  knuckle,  the  de- 
scending bucket  on  the  vertical  part  of  the  track  over- 
balances the  system  exactly  enough  to  overcome  the 
friction,  no  power  being  required  by  the  motor. 
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THE  prepaiation  of  a  technical  paper  requires  most 
careful  consideration  in  many  ways.  Certain 
fundamental  points  should  be  kept  in  mind  at  all 
times,  without  which  the  value  of  the  paper  may  be 
lessened.  The  writer  has  had  a  certain  amount  of  ex- 
perience, both  in  editing  and  in  writing  such  papers, 
and  the  following  is  a  list  of  suggestions  which  have 
occurred  to  him,  from  time  to  time,  which  may  be  of 
some  assistance  to  others: — 

MATERIAL  AVAILABLE 

One  should  not  attempt  to  prepare  a  technical 
article  on  any  given  subject,  unless  he  has  sufficient 
good  material  available  to  do  so.  If  he  has  only  a  small 
amount  of  suitable  matter,  then  the  article  should  be 
correspondingly  brief.  A  little  good  material  should 
not  be  "diluted"  to  form  a  long  paper.  Putting  more 
water  in  coffee  doesn't  make  more  coffee-^it  simply 
weakens  it.  To  state  the  matter  in  another  way,  a 
paucity  of  ideas  or  data  should  not  be  padded  out  to 
give  a  false  appearance. 

KNOWLEDGE   OF   SUBJECT 

One  must  clearly  understand  the  subject  which  he 
is  discussing.  It  may  be  assumed  that  a  person  cannot 
explain  any  matter  very  clearly  if  his  own  understand- 
ing of  it  is  indefinite.  We  reason  in  more  or  less 
definite  language  and  therefore  should  be  able  so  to 
express  our  thoughts.  However,  we  sometimes  per- 
ceive things  in  a  different  language  from  that  used  in 
writing.  For  instance,  our  conception  of  a  certain  mat- 
ter may  be  largely  a  graphical  or  visual  one  and  we 
may  picture  to  ourselves,  or  visualize,  the  matter  when 
we  think  of  it.  The  difficulty  of  explaining  in  writing, 
or  the  usual  language,  may  thus  be  one  of  translation 
from  one  form  of  perception  to  another.  To  illustrate, 
one  may  recall  a  picture  or  drawing,  a  landscape  or  a 
face,  and  may  see  it  perfectly,  but  cannot  describe  it  in 
words. 

Abstract  ideas  or  thoughts  are,  however,  almost  en- 
tirely in  the  form  of  language,  and  a  measure  of  one's 
true  knowledge  of  a  given  subject  is  often  found  in  the 
clearness  with  which  he  can  express  himself. 

Frequently,  a  person  can  explain  himself  clearly  in 
oral  language,  but  not  in  writing.  This  may  be  on  ac- 
count of  lack  of  practice,  thus  i.ecessitating  more  time 
in  building  up  word  structures,  etc. 

PREPARING  THE  OUTLINE 

Assuming  that  one  has  sufficient  material  available, 
it  should  be  classified  and  arranged  in  proper  logical 
order  or  sequence.  This  may  be  done  by  arranging  a 
skeleton  outline,  comprising  the  principal  parts.  A 
general  classification  of  the  subjects  and  materials  may 
be  made  first  and  then  re-arranged  in  proper  order. 

After  sxh  a  skeleton  is  prepared  and  properly  ar- 
ranged, then  each  sub-subject,  or  item,  can  be  expanded 
by  classifying  the  secondary  related  material  which  is 


to  be  included.  Or,  if  one  is  not  yet  prepared  to  do 
this,  then  each  subject  can  be  taken  up  individually,  and 
its  possibilities  and  related  ideas  may  be  worked  out. 
In  fact,  after  the  skeleton  is  once  prepared,  then  each 
part  can  be  treated  to  a  certain  extent  as  a  subject  in  it- 
self, proper  regard  being  given  to  its  relation  to  the 
other  subjects. 

After  the  principal  elements  of  the  skeleton  outline 
have  been  arranged  in  logical  order,  then  the  article,  aS 
a  whole,  is  ready  for  consideration.  In  fact,  with  the 
preparation  of  the  outline  and  its  subsidiary  parts, 
the  paper  may  be  said  to  have  progressed  ((uite 
far.  The  data  and  facts  having  been  arranged  in  logi- 
cal order,  it  is  only  necessary  to  take  each  one  in  turn 
and  put  down  what  has  been  planned  to  be  covered  by 
it.  In  fact,  in  many  cases,  one  already  knows  just 
about  what  he  wants  to  say  concerning  each  particular 
item,  and  no  great  effort  is  required  to  "whip"  the 
article  into  shape. 

PARAGRAPHING    AND    LOGICAL    SEQUENCE 

In  the  preparation  of  technical  articles  which  will 
require  considerable  effort  in  reading,  there  are  a  num- 
ber of  considerations  which  should  be  kept  in  mind. 
Each  idea  expressed  should  be,  as  far  as  possible,  more 
or  less  complete  in  itself,  or  when  this  is  impossible,  it 
should  follow  or  be  followed  by  others  in  logical  se- 
quence. It  should  not  be  necessary  to  go  back  some 
distance  to  pick  up  the  thread  of  thought,  nor  should  it 
be  necessary  to  have  it  dependent  upon  some  statement 
which  is  to  appear  later.  Nothing  is  more  irritating  to 
the  average  reader  than  to  be  obliged,  at  frequent  in- 
tervals, to  go  back  and  review  some  former  part  in 
order  to  obtain  the  meaning  of  certain  sentences,  state- 
ments or  paragraphs.  This,  of  course,  does  not  refer 
to  mathematical  equations,  for  here  it  may  not  be  prac- 
ticable to  make  each  part  complete  in  itself. 

Again,  the  material  in  any  paragraph  should  be  ar- 
ranged in  logical  sequence.  For  instance,  if  there  is  a 
general  description  of  certain  apparatus  and  a  detailed 
description  of  certain  parts  of  it,  the  details  should  not 
come  first,  except  in  very  special  cases.  If  the  effect  is 
of  primary  importance  and  the  cause  is  but  an  incidental 
part  of  the  story,  the  effect  may  be  described  first.  If, 
however,  the  result  obtained  is  merely  the  effect  of 
some  cause  which  is  to  be  brought  out  quite  positively, 
then  the  cause  should  be  given  prominence.  This 
phase  of  the  subject  should  be  given  quite  careful  con- 
sideration by  the  technical  writer. 

As  another  condition,  each  paragraph  should  hold 
a  closer  relation  to  those  which  immediately  precede 
and  follow  it,  than  to  those  further  away.  Otherwise, 
there  is  a  break  in  the  line  of  thought  and  such  breaks 
are  usually  distasteful  to  the  reader.  Also,  each  para- 
graiih,  while  it  should  be  more  or  less  complete  in  itself, 
should  not  be  aI>solutely  independent  of  what  immedi- 
ately precedes  or  follows;  othei"wise,  the  article  may 
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seem  to  be  made  up  of  a  number  of  isolated  statements, 
and  it  then  gives  the  impression  of  being  an  assemblage 
of  separate  notes  or  items.  The  paper  should  read  as 
one  continous  subject. 

Like  fiction,  as  developed  in  novels  and  short 
stories,  the  technical  article  should  have  a  good  begin- 
ning and  a  good  ending.  It  should  appear  to  be  com- 
plete in  itself  and  should  not  give  the  impression  of  a 
few  pages  cut  out  of  the  body  of  a  longer  paper.  In- 
complete beginnings  or  endings  in  fiction  are  for  the 
purpose  of  giving  startling  effects,  but  such  do  not  be- 
long to  technical  literature. 

CLEARNESS  IN   SENTENCE   STRUCTURE 

One  difficulty  with  many  technical  papers  is  that 
they  are  not  definitely  clear  in  meaning.  The  arrange- 
ment of  sentences  and  words  should  be  such  as  make 
sure  that  the  proper  meaning  will  be  obtained  at  first 
glance.  A  sentence  may  be  so  long  or  so  involved  that 
one  must  read  it  several  times  to  get  the  meaning. 
When  a  sentence  becomes  so  long  that  it  is  difficult  to 
follow  the  fundamental  idea,  it  should  be  reorganized, 
and  preferably  split  into  two  or  more  shorter  sentences. 
It  should  be  borne  in  mind  that  many  of  us  read  purely 
for  the  idea  or  meaning,  not  the  words  or  language ; 
and  if  we  are  forced  to  turn  our  attention  to  the  "make 
up"  of  the  sentences,  we  break  or  lose  the  train  of 
thought.  In  a  well  written  technical  article,  of  a  non- 
mathematical  nature,  the  reader  should  be  able  to  pass 
from  sentence  to  sentence,  idea  to  idea,  paragraph  to 
paragraph,  without  noticing  particularly  the  rhetorical 
machinery,  so  to  speak. 

STYLE 

In  technical  papers,  written  primarily  for  instruc- 
tional purposes,  a  dignified  style  should  be  maintained. 
Humorous  styles,  expressions,  language  or  dialects  are 
inappropriate.  Humor  is  intended  primarily  for  enter- 
tainment, with  the  idea  of  merriment  uppermost. 
Usually  merriment  and  instruction  do  not  pull  side  by 
side.  However,  humorous  incidents,  having  a  direct 
bearing  on  the  subject  matter,  may  be  included  at  times, 
if  the  style  of  article  is  one  which  will  permit  them,  such 
as  descriptive,  reminiscent,  and  semi-historical  pajiers, 
etc.  •  I 

It  is  necessary  to  distinguish  between  matters  in- 
tended primarily  for  instructional  purposes,  and  those 
which  can  be  considered  as  being  principally  of  an  ad- 
vertising nature.  In  the  latter,  unusual  or  startling  ef- 
fects are  allowable,  to  attract  attention.  Likewise, 
humor,  dialect,  unusual  language  or  expression  may  all 
serve  the  principal  purpose  in  view.  But  such  articles 
should  not  be  considered  as  literature,  in  the  orthodox 
sense. 

USE  OF  MATHEMATK  S 

One  fault  with  many  technical  w  riters  is  that  they 
seek  opportunity  to  incorporate  visible  mathematics  in 
their  articles  under  the  impression  that  their  papers  are 
thus  more  technical.  This  may  be  permissible  where 
the  prime  purpose  of  the  article  is  an  exhibition  of 


"mathematical   gymnasrics".     To   the   arerage   reader, 

mathematics  are  bad  enough,  even  when  absolutely 
necessary.  Therefore,  the  inclusion  of  mathematical 
formulae,  in  many  cases,  serves  to  drive  the  reader 
away.  However,  most  technical  men  have  a  fair  grasp 
of  mathematical  principles,  outside  of  the  formulae,  and 
it  often  happens  that  they  will  read  a  more  or  less 
mathematical  treatise  if  no  formulae  are  visible  and  the 
subject  material  appears  to  be  plain  reading  matter. 

Mathematics  may  be  considered,  in  many  cases,  as 
simply  the  tools  with  which  the  technical  man  accom- 
plishes a  desirable  result;  and  when  the  result,  only,  is 
of  importance,  the  methods,  or  tools,  need  not  be  given. 
In  exhibiting  a  piece  of  statuary,  for  instance,  the 
sculptor  usually  does  not  show  the  tools  of  his  art  as  a 
principal  part  of  the  work.  Of  course,  such  a  com- 
parison must  not  be  carried  too  far,  for  not  infre- 
quently the  main  intent  of  the  technical  writer  is  to 
show  to  others  the  method  of  arriving  at  a  certain  re- 
sult ;  or,  in  other  words,  the  tools  or  machinery  which 
represent  his  method,  actually  form  the  primary  exhibit. 

Referring  again  to  visible  mathematics,  it  has  been 
said  that,  in  many  cases,  a  mathematical  equation  is 
simply  a  short-hand  statement  of  some  fact.  If  such 
fact  itself  were  stated  in  simple  language,  the  average 
reader  would  accept  it  on  faith,  just  as  readily  as  he 
would  accept  the  mathematical  equation.  But  what  is 
more  important,  he  would  probably  sense  its  meaning, 
which  often  would  not  be  the  case  with  a  formula  or 
equation.  It  has  been  said,  with  considerable  truth, 
that  it  takes  a  fairly  good  mathematician  to  write  a 
mathematical  paper  without  the  reader  being  aware  of 
the  fact. 

BREVITY 

While  brevity  may  be  "the  soul  of  wit",  yet  it  is 
not  necessarily  the  soul  of  a  technical  article, — rather 
tlie  opposite,  in  many  cases.  Cutting  out  pertinent  ma- 
terial, just  to  abbreviate  an  article,  is  even  worse  than 
liadding  it  with  useless  "stufif"  in  order  to  lengthen  it. 
In  fiction  it  may  be  all  right  to  leave  much  to  the 
imagination,  but  when  one  reads  a  technical  paper,  he 
is  after  facts,  and  enough  of  them  must  be  included,  to 
make  a  clear  presentation  of  the  subject  in  hand.  A 
paper  which  covers  only  the  "high  spots"  and  leaves  the 
intei^vening  valleys  to  be  filled  by  the  reader's  imagina- 
tion cannot  be  considered  as  ver;f  satisfactory,  when  it 
comes  to  technical  writing. 

CONCLUSION 

In  conclusion,  it  may  be  noted  that  all  the  forego- 
ing suggestions  have  to  do  with  the  mechanics,  so  to 
s]ieak,  of  technical  writing.  How  to  produce  the  ideas 
and  how  to  put  them  on  paper,  are  matters  whose  ex- 
planation is  beyond  the  writer's  capabilities.  Practice 
and  experience  have  much  to  do  with  making  the  paper 
thoroughly  readable,  but  if  it  is  to  be  worth  while,  the 
ideas  must  also  be  there.  To  put  the  case  in  plain  Eng- 
lish, if  one  has  no  definite  ideas  on  a  given  subject,  he 
should  not  attempt  to  write  about  it. 


Ej 


^OCJ'K 


:al 


of  Traasinfesloia 


o?«< 


Wm.  Nesbit 


raj>les 


FUR  every  occasion  where  a  complete  calculation 
of  a  long  distance  transmission  line  is  made,  there 
are  many  where  the  size  of  wire  needed  to  trans- 
mit a  given  amount  of  power  economically  is  required 
quickly.  This  knowledge  is,  moreover,  the  basis  for 
all  transmission  line  calculations,  as  all  methods  of  cal- 
culating regulation  presuppose  that  the  size  of  wire  i-j 
known.  To  determine  quickly  and  with  the  least  pos- 
sible calculation  the  approximate  size  of  conductor  cor- 
responding to  a  given  PR  transmission  loss  for  any 
ordinary  voltage  or  distance,  is  the  function  of  Tables 
XII  to  XXI  inclusive.  By  includmg  so  many  trans- 
mission voltages  it  is  not  intended  to  indicate  that  any 
of  them  might  equally  well  be  selected  for  a  new  in- 
stallation. On  the  contrary  it  is  very  desirable  in  the 
consideration  of  a  new  installation,  to  eliminate  con- 
sideration of  some  of  the  voltages  now  in  use.  This 
point  will  be  considered  later. 

Since  both  the  power-factor  of  the  load,  and  the 
charging  current  of  the  circuit,  as  well  as  any  change  ui 
the  resistance  of  the  conductors,  will  alter  the  PR  loss, 
it  is  evident  that  it  is  impractical  to  present  tables  which 
will  take  into  account  the  effect  oi  all  of  these  variables. 
The  accompanying  tables  do,  however,  give  the  per- 
centage PR  loss  corresponding  to  the  two  temperatures 
(25  and  65  degrees  C)  ordinarily  encountered  in  prac- 
tice and  the  usual  load  power-factors  of  unity  and  So 
percent  lagging,  upon  which  the  k.v.a.  values  of  the 
tables  are  based.  The  effect,  however,  of  charging  cur- 
rent, corona  or  leakage  loss  is  not  taken  into  account  in 
these  table  values.  The  latter  two  (corona  and  leak- 
age) are  usually  small  and  need  not  be  considered  here. 
The  effect  of  charging  current,  may,  however,  with 
long  circuits  be  material  and  will  be  discussed. 

The  values  of  k.v.a.  in  these  tables  are  based  upon 

the    following    percentage    PR    loss    in    transmission 

(neglecting  the  effect  of  charging  current)  : — 

Percent 

Loss 
At  6s°C 
1 0.0 
12.5 

These  loss  values  are  based  upon  the  power  de- 
livered at  the  end  of  the  circuit  as  100  percent,  and 
not  upon  the  power  at  the  supply  end.  If  raising  or 
lowering  transformers  are  employed,  the  loss  and  vol- 
tage drop  in  them  will,  of  course,  be  in  addition  to  the 
above. 

At  first  glance,  some  of  these  tables  may  appear 
to  have  been  carried  to  extremes  of  k.v.a.  values  for 
the  conductor  sizes.  This  is  because  the  tables  are  cal- 
culated for  ten  percent  loss,    (at   100  percent  power- 


Load  at  100  percent  P-F. 
Load  at     80  percent  P-F. 


Percent 
Loss 
At  25°C 
8.66 
10.8 


factor  and  65  degrees  C)  whereas  uic  permissible  loss 
is  frequently  much  less  than  ten  percent.  As  the  loss 
is  directly  proportional  to  the  load,  the  permissible  loads 
for  a  given  size  wire  and  distance  can  be  read  almost 
directly  for  any  loss.  Thus  for  a  two  percent  loss  the 
permissible  k.v.a.  will  be  two-tenths  the  table  values. 
Conversely,  the  size  of  wire  to  carry  a  given  k.v.a. 
load  at  two  percent  loss  will  be  the  same  as  will  carry 
five  (ICH-2)  times  the  k.v.a.  at  ten  percent  loss.  In 
other  words  to  find  the  size  of  wire  to  carry  a  given 
k.v.a.  load  at  any  desired  percent  loss,  find  the  ratio  of 
the  desired  PR  loss  to  the  PR  loss  upon  which  the  table 
values  are  based  (corresponding  of  course  to  the  tem- 
perature and  the  load  power-factor).  Divide  this  ratio 
into  the  k.v.a.  to  be  transmitted.  The  result  will  be  the 
table  k.v.a.  value  corresponding  to  the  desired  PR  loss. 

For  example: — Assume  400  k.v.a.  is  to  be  delivered 
a  distance  of  14  miles  at  6000  volts,  three-phase,  and 
80  percent  power-factor  lagging,  at  an  assumed  temper- 
ature of  25  degrees  C.  Table  XV  indicates  that  this  con- 
dition will  be  met  with  an  PR  loss  of  10.8  percent  if 
No.  o  copper  or  167  800  circ.  mil  aluminum  conductors 
are  used. 

Now  assume  that  the  PR  loss  should  not  exceed 
5.4  percent,  in  place  of  10.8  percent  (upon  which  th.» 
table  values  are  based).  5.4  -i-  10.8  =  0.5  and  400  -^  0.5 
=  800  k.v.a.  as  the  table  value  corresponding  to  an  PR 
loss  of  5.4  percent.  The  conductors  corresponding  to 
8(X)  k.v.a.  table  value  (5.4  percent  PR  loss)  will  be 
seen  to  be  No.  0000  copper  or  336420  circ.  mil  alum- 
inum. 

If  conductors  corresponding  to  15  percent  PR 
loss  are  desired  the  same  procedure  will  be  followed : — 
15-^10.8  =1.39  and  4OCH-1.39  =287  k.v.a.  table  value. 
This  table  value  corresponds  to  approximately  No.  t 
copper  or  133220  circ.  mil  aluminum  conductors. 

The  table  k.v.a.  values  have  been  tabulated  for  var- 
ious distances.  Should  the  actual  distance  be  different 
from  the  table  values  and  it  is  desired  to  obtain  k.v.a. 
values  corresponding  to  the  losses  upon  which  the  table 
k.v.a.  values  have  been  calculated,  the  following  pro- 
cedure may  be  followed : — 

For  a  given  PR  loss  in  a  given  conductor  (effect 
of  charging  current  neglected)  the  k.v.a.  X  feet  or  the 
k.v.a.  X  miles  is  a  constant.  Thus  Table  XII  indicates 
that  for  2  000  000  circ.  mil  cable,  756  000  k.v.a.  X  feet 
is  the  constant;  that  is  756  k.v.a.  may  be  transmitted 
1000  feet ;  378  k.v.a.,  2000  feet,  and  so  on.  If  the  actual 
distance  to  be  transmitted  is  1300  feet  the  correspond- 
ing k.v.a.  value  will  be  756000-^-1300  or  581  k.v.a. 
Usually  the  k.v.a.  value  can  readily  be  approximated 
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for  any  distance  vvitli  sufficient  accuracy  for  the  pur-     sented.     One  way  of  dong  this  would  be  as  follows  :-- 
])ose  for  which  these  quick  estimating  tables  are  pre-      The  k.v.a.  value  corresponding  to  2300  ft.  is  302  k.v.a. 


TABLE  XII    QUICK  ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS  FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    |2r  LOSS  (EFFECT  OF  CHARGING  CURRENT 
NEGLECTED)                                                                                                     AT25"C            AT65"C 
FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10.0%  LOSS 
FOR  LOAD  POWER-FACTOR  OF    80%- 10.8%  LOSS-  12,0     LOSS 

d 

z 

CO 

«ii 

COPPER 

CIRCULAR 

ALUMINUM 

CIRCULAR 

220    VOLTS    DELIVERED 

50 
FEET 

100 
FEET 

150 
FEET 

200 
FEET 

250 
FEET 

300 
FEET 

400 
FEET 

500 
FEET 

600 
FEET 

750 
FEET 

1000 
FEET 

1500 
FEET 

2000 
FEET 

2500 
FEET 

3500 
FEET 

5000 
FEET 

1 

MILE 

i.  000  000 

1  SOO  000 
1  700  000 

ISIZS 
I3730 
/Z82.I 

7.542 
6  86S 
t4IO 

S042 

4S77 
4  i74 

3  781 
3  432 
3  20s 

3  02s 

z  744 

2  S64 

Z  S2I 
2  2  88 
2  /37 

/  89° 

/  7/4 
1  k02 

1  SIZ 
7373 
/  2.82 

/  260 

1  144 
1068 

/  008 

9  ,s 
ess 

7J-4 
4S4> 
64-1 

3-04 
ASS 
427 

378 
343 
320 

30X 

274 
ZS6 

183 

ISI 

m 

74  3 
730 

121 

/600  000 
1  soo  000 
/■too  000 

12  IOO 
//32I 
/0S79 

(,  oso 

sao 

s  zsf 

-f033 
3  774 

3.5-24 

J02-S 
2  830 

2  644 

Z  420 

ZOI6 
1  887 
1  763 

ISI2 
I4IS 
1322 
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50 
FEET 

100 
FEET 

150 
FEET 

200 
FEET 

250 
FEET 

300 
FEET 

400 
FEET 

500 
FEET 

600 
FEET 

750 
FEET 

1000 
FEET 

1500 
FEET 

2000 
FEET 

2500 
FEET 

3500 
FEET 

6000 
FEET 

1 
MILE 

2.  000  000 
1  SOO  ooo 
1  700  000 

to  SOO 
S4  9" 

suss 

3o:LSa 
2744/ 
ZSt-iZ 

20, hi 

18307 
1709s 

ISIZS 
13730 
I2S2I 

12100 
10988 
/02S7 

/0083 
9  IS3 
eS4  7 

7  J4  2 
6  86S 
6410 

40  JO 
S4'f2 
S  1  28 

S042 
4S76 
4273 

4  033 

3  L48 
3419 

3  02S 

2  74  4 
ZS64 

/  831 

7.5-/2 
/  373 
72^2 

7  ZIO 

S44 

7S4 
732 

60s 

S49 
S  13 

.5-20 
4SS 

/  ioo  000 
1  SOO  000 
/400  000 

4S-foo 
-»23/7 

2-f  200 
2  2*43 
21  ISg 

/6I33 

/so9.i- 

1  1  322 
/OS79 

9680 
90S7 

8066 
7S47 
70S2 

hoso 
S66I 
S289 

4840 
4S28 
4231 

4033 
3  773 
3  SZ6 

32  24 
30/? 

ZSZI 

Z420 
2  2  44 
2  ,  ,S 

1613 
1  s  10 

1410 

1  ZIO 
1,32 
/OS7 

968 
906 

846 

691 
44^ 
404 

484 

453 
423 

4S8 
429 
400 

1  zoo  000 
1100  000 

1  S90  000 

3tlS7 
3  3  37? 
3  0  2.  JO 

IS093 
/6i.a7 
ISJZS 

/0083 

9047 
834'r 
7J-42 

7237 
64.7^ 
^o.S-0 

603I 
SS6i 
S042 

4SZ3 
4  17  Z 
3  781 

3  618 
3  3  37 
J  OZS 

3  OlS 
2782 
ZSZI 

24/2 
222.J- 
20/4 

1668 
7  Si  Z 

1  206 
1113 
/008 

^3% 
7S6 

668 
60s 

.:!-/7 
477 
4  3Z 

3t  2 
334 
302 

S7I 

287 

9SO  000 
900  000 
aso 000 

/SIS  000 
/43I  000 
/3SI  SOO 

2a81t 
2724? 
25*12 

/■t  44? 
13  634 
7282/ 

9632 
90g9 
8S't7 

7224 
&  817 
64IO 

S779 
S4S3 
SI28 

48,6 
4  J-44' 
4273 

3612 
3408 
320i 

Z889 
2  726 
2S64 

Z40S 
2  272 
2/34 

,926 

',VJ9 

1  444 
1363 
IZ82 

96  3 

72  2 
68Z 
641 

S7S 
S4S 
S,3 

412 

28? 
273 
ZS6 

273 
ZS8 
243 

800  000 

7SO  000 

700  000 

/  Z7Z  000 
1  1  9Z  SOO 
/  1  1  3  ooo 

22  7/0 
Zl  ISS 

13  IOO 
II  35X 
IOS79 

SOti 
7S70 
70  i  3 

&OS0 
S677 
SZ89 

4840 
4.C42 
423/ 

4033 
J7ff.S- 
3.f27 

302s 
2S3S 
2444 

Z420 
2  27/ 
2  ,  IS 

1763 

7  6/3 

'iVit 

II3S 
70S7 

807 
7S7 
70s 

60s 

S6l 
Sz'g 

484 
4S4 
■423 

34k 

324 
30Z 

242 
227 

2/  ' 

226 

Z,J 
20  1 

asoooo 
&00  000 
sso 000 

1  033  SOO 
9S^  000 
874  SOO 

19  ^SS 

9821 
9046. 
B34S 

6SS2 
603I 
SS63 

4913 
4SZ3 
4irz 

J'?3/ 
3  big 
3  3  3? 

3274 
30, S 
2781 

2+J4 
224' 
2  0  8k 

1  96S 
IS09 
1669 

1638 
ISO  7 
I390 

1310 
IZ06 
l,,3 

982 

6SS 
603 
SS6 

491 
4S2 
417 

Hi 
334 

Z8I 
2S8 
238 

/?4 
ISI 
747 

ISi 

^00000 

-iso  000 

100  000 

79s  000 
7/SSao 
<i36ooo 

'li'sM 

IZ  138 

7SiZ 
*.793 
i,0t9 

S042 

4S29 
4046 

3781 
339'= 
3034 

302s 
27/7 
2-J27 

2S2I 
2  2  64 
.2023 

1  890 
1  698 
1  S17 

1  SI  2 
I3S8 
72,3 

zto 

1 132 

10/2 

1008 
90s 

809 

607 

SO  4 
4S3 
■40s 

378 
%V3 

302 

272 
24  3 

Zit 
194 
173 

ISI 
139 

/IS 

3SO  000 

300 000 
zso 000 

KSSi,  soo 
-»77  oao 
39  7  soo 

IOS79 

90t,h 

7S92 

SZ89 
4S34 
3796 

3S26 
3023 
2S3I 

2(1.44 
2247 
/  898 

2  US 

1  813 
7  SIS 

7  74.3 
7  SI2 
I26S 

1  322 

loss 

906 
7S9 

881 
7S6 
632 

70s 
i04 

sob 

SZ9 
4i3 
379 

3S3 
302 
2S3 

at 

189 

Zl  1 
ISI 
ISZ 

',i'9 

/OS 

lOt 

72 

000 

3,1 1  (,00 
/t7  77Z 

/3307? 

336420 
Zi.ieoo 

Zl  1  9  so 

i,4oo 
S09S 
4033 

3200 
Z^41 
ZOI6 

2  133 
1  698 

1  344 

1  600 
1  Z73 
/00a 

1  ZSO 

1019 

806 

/067 
849 
672 

Sao 

63k 
SO  4 

£40 
S09 
■403 

J33 
42s 
336 

424 

Hi 

3ZO 

2  13 
170 
734 

760 
/27 

101 

138 
102 
81 

91 
73 
.5-8 

64 
SI 
40 

38 

Z 

/0^S60 
93(,9-t 
6t3S8 

1  (.7  800 
/33  Z2.0 
'OSS30 

3%ao 
ZS30 

zooi. 

11.00 
l2hS 
1003 

IOi.6 
84  T, 
669 

632 

(,40 
S06 
401 

S3Z 
-t22 
334 

Vil 

ZSO 

3ZO 
ZOO 

2  66 

734 

760 
IZ7 
/OO 

107 
84 
67 

80 

63 

so 

44 
SI 
40 

44 
34 
28 

32 

30 
Z4 
19 

SZ  iZ4 
t  1   738 
33  ose 

83  6-»o 
<ih370 
SZ  6  30 

/SS6 
IZi,S 

looz 

793 
6  32 
S02 

SZ9 

423 
334 

396 
31k 
ZS3 

317 
2S3 

zpi 

2  64 
2/2 
167 

19s 

/S8 
IZS 

ISS 
IZ6 

I3Z 
lot 
83 

'"8i 
47 

'4 

Sof 

S3 
42 
J3 

rz 

ZS 

32 
ZS 
Zo 

22 
IS 
14 

Ik 
It 
10 

IS 
IZ 

I 

^osiz 
/ts/x. 

■41  740 

791 
i.Z9 
soo 

39-i 
314 
ZSO 

Z64 
ZIO 
766 

197 

'li's 

ISg 
136 
/oo 

732 
lOS 
83 

98 

78 
62 

11 
SO 

66 
S2 

42 

S3 

■41 
33 

39 

32 
ZS 

2^ 

Zl 
17 

30 
16 

IZ 

16 

II 

9 

7 

2 

s 

I 

The  heating  limitations  may,  for  the  shorter  distances,  particularly  if  insulated  or  concealed  conductors  are  employed,  necessitate  the 
use  of  larger  conductors,  rcsultins:  in  a  correspondingly  less  transmission  lo.ss.  In  the  case  of  insulated  or  concealed  conductors,  should  the 
k.v.a.  values  full  near  or  10  the  left  of  the  heavy  line,  consult  Table  XXr  for  insulated  or  Table  XXTIT  for  bare  conductors.  The  react-nnce  for 
the  larger  conductors  may  be  excessive,  particularly  for  CO-cycle  service,  iiroducing  excessive  voltage  drop.  This  may  he  obviated  by  ifist.iK;ii;r 
two   or  more   parallel   circuits   or  using   three-conductor    cables.      For   single-phase  circuits  the  k.v.a.   will   be  one-half   the  table  values. 
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Hence  tlie  value  correspond  ins;  to  half  this  distanro 
(r25n  ft.)  is  604  k.v.a.,  which  is  stiiVicieiitly  accnraic 
for  practical  purposes. 


HEACTANCK  LIMITATIONS 

The  k.v.a.  \alue  of  the  tahlcs  naturally  do  not  take 
into  account  the  reactance  of  the  circuit.     It  will  be 


TABLE  XIII    QUICK  ESTIMATING   TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAYBE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VA;^ICUS 
CONDUCTORS  FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    |2r  LOSS  (EFFECT  OF  CHARGING  CURRENT 
^^'^^^OJZO^                                                                                                   ^T2B"C            AT  65=0 
FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10.0%  LOSS 
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3  30  6 
2823 
2  3  72 

27SS 
Z36I 

1977 

2066 
/77I 
1483 

/6S3 
1416 
1  /  86 

1377 
//SO 
fSS 

1103 
f44 
791 

836 

70g 

-5-43 

SSI 
472 

39S 

413 
3S4 
297 

33/ 
283 

237 

236 
2o2 
170 

/6S 

142 
1/9 

/Si 
/34 
112 

ooot 

Zii  too 
Ibl 77Z 
l3ZOTf 

33(,420 
Zth goo 

Z  1  1  9SO 

796O 
^302 

Sooo 
3990 

3ISI 

3333 
26S3 

21a  1 

isao 

I990 
IS7S 

IJ92 
1260 

/666 
1327 

I0£0 

I2S0 
I9S 
787 

796 
630 

S33 
663 
S2S 

S3/ 
42a 

soo 
398 
3/S 

333 

J6S 
310 

2SO 
199 
/■S8 

200 

'/il 

743 
7/3 
90 

100 
80 
63 

'ii 

I 

2 

/OSSiO 

1  (.7  SOO 
/33  220 
/0SS30 

SO  00 

3  9S4 
3134 

2SOO 
1977 
ISt7 

/  666 
1318 
I04S 

12  SO 
988 
7T3 

7«/ 
627 

833 
6S9 
S22 

■494 
3  92 

SOO 
3?S 
3/3 

416 
ii? 

3  33 
2  i4 
Z09 

2  SO 
198 

166 
I3Z 

/or 

I2S 
99 
78 

100 
It 

S6 
4S 

so 

40 

31 

li 

■4 

-Jl   73S 
J3098 

93ifO 
ti,370 
SZ&30 

Z479 
1977 
IS&7 

1239 

99» 

7S3 

9Z6 
6S9 
S22 

620 

494 
392 

496 
3  9S 
313 

413 
3  39 

261 

310 
297 
196 

Z48 
197 
/S6 

207 
/64 

/hS 
132 
704 

1^4 

sz 

62 
49 
39 

so 
40 
31 

3S 
28 
22 

2S 
ZO 
16 

24 

19 
/S 

7 

/6  J/i 

41  740 

1239 
7yo 

619 
492 

390 

4/3 
328 
260 

31  a 
246 
I9S 

/S6 

206 
164 
130 

/SS 
723 
97 

123 
9S 
78 

/03 
»2 
6S 

S3 

49 
39 

41 

33 
26 

Po 

ii 

/6 

IS 
/4 
II 

li 
10 

72 
9 

7 

1100   VOLTS    DELIVERED 

100 

FEET 

200 
FEET 

300 

FEET 

500 

FEET 

750 
FEET 

1000 

FEET 

2500 

FEET 

4000 
FEET 

1 

MILE 

li 

MILES 

liF 
MILES 

2 
MILES 

2-5 
MILES 

3 
MILES 

3T 
MILES 

4 
MILES 

5 

MILES 

2000000 
/  SOO  000 
/  700  000 

ia9oix 

I7I&3I 
I^OZiS 

f4S3l 
8SSIS 
S0I3Z 

6302/ 
S7J-I0 
S342.^ 

3  7y/2 
3432^ 
320.S3 

2ZSS4 
21368 

18  906 
17163 
16026 

7S6Z 
6S&S 

47:!i 

3S8a 

3ZSO 
303S 

^S6S 
Z600 
2438 

23gg 
2/66 
2023 

(  7?0 
/6ZS 
IS17 

/•432 
/300 
/2/4 

/I94 
/OS3 
/0/Z 

/023 
f2g 
86.1 

89  S 
8/2 

7S8 

7/6 
6S0 
607 

/  ioo  000 
/  soo  000 
/-foo  000 

/SI2Sa 
MIS20 

7S6Z~S 
70760 

66120 

SO-H6 
47/73 

44osa 

3OZS0 
2S304 
264-H 

20166 
18868 
17631 

/J-I2S 
/4ISZ 
13  214 

60SC 
S66/ 
S2S9 

3731 

3.r3S 

3306 

2  86S 

Zhao 
zsos 

Z291 
2/44 
2003 

1910 
1786 
7669 

1432 
/2SZ 

II4S 
70  72 
/002 

fss 

893 
834 

766 

7/6 

7/6 
470 

626 

S72 
,5-3  6 
SOI 

/  2.00000 
1  loo  000 

ISfO  00a 

//30S+ 
/ot3IO 
91S3I 

S6S4Z 
SZIS-^ 
47  2i,S 

37694 
34770 
3ISI0 

22617 
20862 
l89o6 

IS078 
I390S 
12604 

//3o8 

70431 
94.S-3 

4SZ3 
4I7Z 
37SI 

2SZ7 
2608 
2363 

ZI4I 
1976 
/790 

7AI 

1432 

/428 
/3/7 
1194 

98% 
8  9S 

8S6 

Vii 

7/4 
6S8 
S9  7 

612 
S6S 
SI2 

494 
447 

42s 
39s 
3St 

^■so  000 

'foOOOO 

aso 000 

/SIS  000 
1431  000 
1 3S 1  SOO 

902fg 
aS2,lt 
SOI33. 

1SI49 
4ZiOS 

Ztoott 

30099 
2  8404 
26711 

ISOS9 
I7042 
16026 

'fiStf 
10  684 

9030 
5-12/ 
ioi3 

36/2 
3408 
320s. 

22.17 
2/30 
2003 

/7/0 
1613 
ISIS 

1368 
IZ9I 
IZI4 

'I'oM 

70/2 

807 
7^9 

6.84 
64S 

607 

S70 
S3S 
So  6 

M'l 
434 

427 

-542 
322 
303 

aoo  000 

7SOOOO 

700  000 

1  Z7Z  000 
1  1  fZ  SOO 
/I  13  000 

7StZS 

709iS 

378/4 
3S4«4 
330ia 

2S209 
Z3iS6 
2ZO40 

ISIZ6 
14193 
I3ZZ4 

laoss 

9462 
3816 

7-r63 

7o<n 
66/2 

30Zi 
.2S3? 
2C4.S 

/«?/ 
/774 
/6S3 

7432 
1344 
I2SZ 

1146 
I07S 

9SS 
896 
a3i 

7/6 

Hi 

S73 

S37 
SOI 

477 
448 
417 

409 

3S4 
3S8 

3SS 
336 

3/3 

286 
268 
3  SO 

t,  so  000 
too  000 
SSO 000 

1  033  SOO 
9S4  000 
374  soo 

StSt2 
S2IJS 

3  07/0 
2  827/ 

20474 
18  947 
I73SS 

12  2S4 
11308 
10431 

8/89 
7  J  39 
6fS4 

i/42 
S6S4 
S2IS 

24X^ 
2261 
20S6 

/S3S 
1413 
1304 

/ 1 63 
/07  1 
988 

930 
8S6 
790 

77  S 
7/4 
6S9 

ssz 

S3S 
494 

46^ 
4ZS 
3  9S 

388 
3S7 
329 

3i2 
306 

382 

i*/ 

267 
247 

232 
2/4 
197 

soo  000 

4SO 000 

^00000 

7  9SOOO 
71 S  SOO 
(,3tooo 

472iJi 
4Z4S6 

37931 

23^32 
XI1Z8 
1  SI  ■  S 

IS7SS 
12  644 

94S3 
8491 
7Sa6 

^302 
S66I 
>50.S7 

472^ 
4246 
3793 

1890 
/69S 
1^/7 

//SI 
106  1 
948 

S9i 
804 
71S 

7/6 
S7S 

S97 
S36 
479 

447 
40Z 
3Sf 

3.S8 
322 
2»7 

ZfS 
268 
239 

2Si 
229 
ZOS 

323 

ZOI 
179 

/43 

3S0 000 

300 000 
ZSo  ooo 

SSb  soo 
477  000 
397SOO 

2*337 
2  372.S 

/4ltS 

II  stz 

1  lOZO 
9446 
7908 

6612 
J-6i7 
4  74.S 

4-408 
3778 
3U3 

3306 
283  3 
237  2 

7323 
9*9 

826 
708 
S9  3 

6Z6 
S3t 
449 

SOI 
430 
3^9 

III 

3/3 
2<iS 
2Z4 

2  SO 
2lS 
179 

/SO 

>79 
/S3 
128 

IS6 
/34 
112 

/3S 
'1? 

°F 

S.I  1  boo 
li.777Z 
'330-1J 

336420 
Zt,6  SOO 
Z 1  1  9SO 

3OOO0 
IS92I 
I2t04 

7960 
630Z 

6666 
J-307 
4201 

3/S4 
2ill 

2666 
2-/2  3 
1680 

2000 
/S92 
/Z60 

800 
«37 
.i-04 

SOO 
398 
3/i 

378 
30I 
338 

303 
241 
191 

2S2 
ZOI 
IS9 

189 
119 

IS2 
120 

fs 

126 
'79 

/09 
86 
68 

94 
7S 
S9 

74 
60 

47 

/ 

3. 

1  OS  S60 
83  6  9-f 
'tt3S8 

1 67  SOO 
/ 33ZOO 
/OSS30 

790  S 
(.21,9 

Sooo 
39i4 
3134 

333-> 
2636 
Zo89 

2000 
I4ai 
IZS4 

1333 
I0S4 
S3S 

7  91 
6Z7 

400 

316 
2SI 

/98 
/S7 

/?o 

/SO 
IIS 

/SI 
/ZO 
9S 

79 

S9 

7S 
6,0 

47 

63 
SO 
39 

S4 
42 
34 

47 
37 
29 

37 
JO 
23 

J 
■4 

■s 

SZ  6  2-) 
-*(   738 
J3  0ffS- 

(,<,  370 
SZi30 

49iS 

ViiX 

2479 
1477 
IS  LI 

li.S3 
131  8 
la4S 

991 
791 

661 
S21 
4  IS 

4  96 
39S 
3/3 

198 
IS8 
IZS 

/Z4 
99 
78 

J'? 

7S 

62 

SO 
40 

-»7 
37 
29 

37 
30 
23 

31 
2S 
20 

36 

23 
18 

14 

/» 
IS 

6 

7 

e 

20922. 
li  SI  2 

■4i  7-fo 

2479 
I9i7 
ISil 

1239 
923 
7  So 

826 
6SS 
S2  0 

496, 

393 
312 

330 
262 
208 

248 
/?7 

/S'6 

4i 

7S 
6Z 

6Z 
39 

4-7 
37 
30 

37 
30 

24 

31 

zs 

20 

23 
18 
IS 

18 
IS 
12 

/s 

12 
10 

74 
10 
8 

12 

9 
7 

9 
I 

Th«  htaling  limitations  may,  for  th«  shorter  distances,  particiUarly  if  insulated  or  concealed  conductors  are  employed,  necessitate  the 
.us«  of  larger  conductors,  resulting  in  a  oorrespoudinjly  less  transmission  loss.  In  the  case  of  insulated  or  concealed  conductors,  ihonld  the 
k.v.a.  values  fall  near  or  to  the  left  of  the  heavy  line,  consult  Table  XXV  for  insulated  or  Table  XXIII  for  bare  conductors.  The  reaetane*  for 
th»  larger  conductors  may  be  e-tcessive,  particularly  for  60-cycle  service,  producing  excessive  voltage  drop.  This  may  be  obviated  by  installiiie 
two  or  more  parallel   circuits   or   using   tkrea-conductor    cables.      For   smgle-phase  circuits  the  leva,   will  be  oaehalf   the   table  Taiuaa 
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necessary  in  some  cases  of  low  \oltage  and  single  con- 
ductors (where  the  reactance  is  high)  to  use  lower 
values  of  k.v.a.  or  even  in  some  cases  to  multiple  cir- 


cuits in  order  lo  keep  the  reactance  within  satWfactory 
operating  limits.  This  will  be  considered  later  by  ex- 
amples on  voltage  regulation. 


TABLE  XIV-QUICK  ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS  FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    I^R  LOSS  (EFFECT  OF  CHARGING  CURRENT 
NEGLECTED)                                                                                                        AT  25"  C            AT65=C 
FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10.0%  LOSS 

6 

z 

03 

COPPER 

ALUMINUM 

FOR  LOAD  POWER-FACTOR  OF   80%- 10.8%  LOSS-  12.5     LOSS 

2200   VOLTS    DELIVERED 

100 
FEET 

200 
FEET 

300 
FEET 

500 
FEET 

750 
FEET 

1000 
FEET 

2500 
FEET 

4000 
FEET 

1 

MILE 

li 

MILES 

li 
MILES 

2 
MILES 

2X 
MILES 

3 

MILES 

3i 
MILES 

4 
MILES 

5 

MILES 

iooo  ooo 
/*oo  ooo 

/700  ooo 

7SitOOO 
iSiooo 

fHOOC 

343000 

2J2OO0 

22^000 
2/4000 

ISI  000 
/370O0 
/2SOOO 

101 000 
91  soo 
tSSoo 

7J^600 
6»600 

aoioo 

27400 

25600 

It  900 

17  100 
/6000 

/4300 
/3000 
iz  100 

/;  460 
10400 

9710 

9SSO 
8  670 
S  100 

7/60 

6  5-00 
6  070 

.5-730 
.5-200 
4  950 

4330 

4  o?o 

37/0 

3  4  70 

3  580 

3  040 

a  86O 

2  600 

2430 

/boo  ooo 
J  Soo  ooo 
/4-O0  ooo 

SSiooa 

S21000 

2S300O 

202000 
/8»ooo 
;  76  000 

/2/000 
/I3000 

so  700 

7SSOO 

6  0J00 

SI.  too 
SZ  900 

24200 
22600 

IS  100 

MlOO 
13  200 

II  400 
10700 
10  000 

9  170 

es8o 
8o;o 

7640 
7/,fO 
6  680 

.5  730 
.5360 
.50/0 

4S80 
4290 

3  820 
3.570 
J  340 

3  2  70 
3060 
2  860 

2  860 
2  6  80 
2500 

2  240 
2/40 
2  000 

/zoo ooo 
/ /do ooo 
/  ooo  ooo 

/  S90  ooo 

4SZOOO 

22AOOO 
20»00<= 
/8fooo 

13900c 
/260O0 

f  0  £"00 
834DO 
7.5  600 

*o30l 
SS  i-OO 
SO  400 

4S200 
41  70a 
37800 

ISlOO 
/6  7O0 
/S/OO 

II  300 

/o  400 

9  4S0 

esbo 
7900 

7  Ibo 

68.J0 

6320 
S730 

.57/0 
.5270 
4770 

4280 
3  9SO 
3  SZO 

3430 
3  IbO 
2  860 

2  SSO 
2630 
2  3*0 

2450 
22^0 
2  040 

2  /40 
1970 
/  790 

/S80 
/  430 

9S0  ooo 
900  ooo 
sso  ooo 

/S/Sooo 
/•t3l  ooo 
/3S'  soo 

3-^1000 

V&oVoo 

114  ooo 

72200 

&s  100 

48 100 
4S400 
42  700 

34100 

/4  400 
/3iOO 
/2  800 

9O30 
SS20 
Soio 

6  840 

b4S0 
6  070 

S470 
SliO 
4  860 

4  SbO 
4  300 
.♦  0.S-0 

3420 
3230 
3030 

2740 

2  5SO 
243n 

2  2S0 
2  ISO 
Zaza 

/  f50 
/  S40 
/  730 

nio      /370 
/6/0       I2.90 
/SZO      IZIO 

Soo  ooo 
7J"o  ooo 
700  ooo 

/Z7Z  ooo 
/  I9Z  soo 
1113  ooo 

2i^COC 

'42000 

94^00 

■is  100 

iosoo 
Si,  900 
S2900 

40300 
37  800 

3Szao 

30200 
28400 

/ObOO 

7Sba 
7  100 
b  bio 

S730 
S370 
S  0/0 

4seo 
4300 

3»20 
3S80 
3  340 

2  860 
2  700 
2.500 

2290 

ZISO 
2  000 

1910 
1790 

/640 
/540 
/430 

1430 
/  340 
/250 

Il4i, 
1  070 

6  So  ooo 
too  ooo 
ssoooo 

/ 033  soo 
fS-t-  ooo 
S74  soo 

208000 

I2300C 
/04  000 

»i  9oa 
7S400 

i,9sao 

49 100 
^SZOO 

32700 
30100 
2  7  SOO 

24  SOO 
22600 
20  SOO 

9  SOO 
9  OSO 
3  3Sa 

6  140 
SbSo 
S2IO 

4  6^-0 
4  2  80 
3  9SO 

3  720 
3430 
J  /60 

3/00 
2  8.50 
2  t3a 

2/40 
/  970 

ISbl 
1  SSO 

1  SSO 
/4  30 
/3/0 

/330 
/220 
//30 

//60 
9S7 

790 

so  OOOO 
^SOOOO 
400 ooo 

79S  ooo 
7/SSOO 
63i,  OOO 

IS1000 

9'tSOO 
S4'?00 

7SSoa 

i3coo 
SHOO 

Soioo 

3  7  SOO 
33900 
3030c 

2.5"200 
20200 

/8900 
17  000 

IS20O 

7S&0 
6800 
6  070 

4  730 
4  240 
3  7?0 

3ssa 

3220 
2  870 

2  860 
ZS70 
2  300 

2  380 
2  /40 

1  790 

/  bio 

1  290 
1  ISO 

/  190 
9SS 

920 
8X4 

845 
804 
7/8 

7/6 
643 
J7S 

3SO  OOO 
■300000 

zso ooo 

SSi  soo 
^77  ooo 
397SOO 

/32000 
//3000 
94  900 

UtalOO 

SUJOO 

.»7  400 

3  7  soo 

3  1  ioo 

2  6  400 
22  700 
/4000 

/7600 

I3ZOO 

II  300 

9  soo 

J-240 
4^-30 
3  soo 

3310 
Z  830 
2  370 

ZSOO 
ZISO 

/  800 

')  720 

/  670 
/4  30 
/200 

1  2S0 
900 

'860 

S3S 
7'S 
6oa 

7/6 
6/3 
Sl3 

626 
536 
450 

SOI 
-H4 
3S9 

ooo 

Zl  1  too 
/ 17  7^7 Z 
/JJ  079 

336  4ZO 
Zt>L  800 
Zl  1  9SO 

so  ooo 
A3  700 
so  4^00 

40000 

31  900 
ZS300 

z  1,700 

2/  200 
/*  SOO 

/6O0O 
It  700 

B490 
6  720 

SOOO 
6  370 

3  200 
ZSSO 
Zooa 

Zooo 
/  S90 
1  260 

/  SIO 

1  ZOO 

9SS 

9bS 

760 

1010 
804 
636 

7S7 
6oi 

477 

606 
482 
382 

SOS 

Vil 

433 
345 
27  3 

378 
301 
238 

303 
24/ 
191 

2 

/  OS  s(>o 
*6  3Jg 

1  4,7  soo 
/33  2  JO 
/OS  S30 

31  hOO 

zsioa 

20000 
/J  Soo 
J3SOO 

/3  300 
S360 

8000 
4330 
Solo 

V5-330 
4.220 
3340 

4000 
O/60 
ZSIO 

/boo 

/260 

/  000 
ll°o 

Vol 

47s 

bob 

480 
3  SO 

SOS 
400 
3/7 

3  SO 
237 

303 
23? 
190 

252 
200 

/se 

2/7 
/36 

/S9 
ISO 
//? 

ISI 
/20 
45 

3 
1 

•SZ  6Z4 
41    73S 
330Se 

-83  6-1-0 
«6  370 
SZ  630 

ifeoo 
/J  goo 
12  soo 

9900 
7910 

mo 

S270 
■4  ISO 

3970 
3  liO 
2SIO 

2640 
2//0 
/  i70 

1  980 
/S80 
/zso 

1%% 

soo 

soo 

39S 
3/3 

37s 
300 

237 

300 
240 
I90 

2.50 
200 
IS9 

iss 

'/fi 

/SO 
9S 

IZS 

'7% 

86 
it 

94 
75 
S9 

li 

47 

7 
8 

2  0S22 
/iS/Z 

4/    740 

99O0 
7900 

6  2  JO 

4'?60 
393c 
3  IXO 

3310 
2  620 
2  080 

198a 
IS70 
/iso 

/  320 

/  OSO 

830 

990 
790 

6  20 

400 
3/0 
zso 

ZSO 
197 
/Sh 

/ss 

/49 

//a 

/SO 
/I9 
9S 

'It 

94 
74 

J9 

47 

63 
49 
39 

54 
42 
34 

47 
37 
30 

37 

4( 

DOO  VOLTS 

DELIVERED 

1 

MILE 

li: 
MILES 

2 
MILES 

MILES 

3 
MILES 

MILES 

4 
MILES 

5 

MILES 

6 
MILES 

7 
MILES 

8 

MILES 

9 
MILES 

10 

MILES 

II 

MILES 

12 
MILES 

13 
MILES 

14 
MILES 

i>SO  ooo 

^oo  ooo 
ssoooo 

1  033  OOO 
9.f4  ooo 
S74^00 

/.r4oo 

/3/00 

10  zso 

94(,<1 
S7S0 

iiSSO 

iiso 
St,70 

szso 

.5-/20 

47^0 
4370 

4400 
4o.fO 

J7.S-0 

3S.J'o 
3SS0 
3280 

30  so 

2840 
2620 

ZS60 
2370 
Zl  so 

2  200 
2030 

/870 

J920 
I77S 
/&40 

/sao 

I4i,0 

IS40 
/420 
/3I  0 

1290 
/19a 

/280 
/18a 
/a  90 

//so 
/09a 

/020 
940 

jroo  ooo 
4SO  ooo 
too  ooo 

7y.S-000 
7/  S  Soo 
63^000 

/ 1  9oo 
9^90 

7  9  SO 
7/20 
6330 

S9SO 
S3S0 

4  7.ro 

47Sa 

42.70 

J  soo 

3  9to 

3S60 
3I&S 

J400 
3060 

2  7/3 

2fSO 
2670 
2373 

2  3  80 
2  /40 
1900 

I9SO 
17  so 
IS82 

/S3(l 
I3S7 

1490 
/33a 
1 18b 

/320 

/19a 
loss 

/I90 
/070 
949 

/OSO 

970 

86  3 

9fo 
890 

91s 

822 
736 

SSO 
76  3 
6  7S" 

3S0  ooo 
300000 

zso  ooo 

SSi  SOO 
A77  OOO 

3  f  7  soo 

8  270 
7  0S0 
S9ZO 

SSIO 
4  720 

3  9Sa 

4  130 
3S40 
X960 

3307 

2^3  2 

2370 

Z7St 
Z3S9 
J97S 

2362 
2<52  3 
/S9  3 

2067 
776? 
/4S/ 

/bS3 
14:  t 
II8S 

/37s 
1179 
98  7 

II  81 
%4b 

/033 
884 
740 

919 
6S8 

827 
70s 
S93 

752 
644 
S39 

6S9 
S89 
493 

636 
545 
456 

S90 
sob 
42  3 

OOOO 

Zl  1  bOO 
/<S7  772 
/33  079 

33^  420 
266  soo 
Zl  1    9SO 

saoo 
3fgO 

3  330 
Z<.SO 
2  091 

zsoo 
/990 
/S70 

2000 
./S9Z 
I2SS 

li,l.t, 
/326 
/046 

I4Z8 
"8%l 

/2.ro 

99s 
783 

79  b 
<427 

833 
663 
.J23 

7/4 
.568 
448 

b2S 
497 
39  1 

sss 

442 
34"? 

SCO 
398 
313 

454 
362 
2  85 

41b 
33/ 
26/ 

3  85 
306 

24/ 

357 
ZS4 

224 

I 

1  OS  Si,0 
66  3S8 

767  eoo 

733  230 
/0.S- J-30 

zsoo 

/S70 

1  t70 

/  ZSO 
987 
783 

790 
627 

833 

6?» 
.J-22 

7/3 
J-6  3 
448 

493 
39Z 

SOO 

Vii 

t'^9 
Zil 

3.57 
282 
224 

3/2 

219 
174 

ZSO 
197 
/S7 

227 
179 
/4Z 

208 
/64 
/30 

192 
/SZ 
120 

'7S 
I40 
/ 11 

SZ  424 
4/  7JS' 
J  3  OSS 

83  li-fo 
66  370 
S3  630 

/2+0 

III 

82.6 
66/ 
..5^24 

£30 
4-9S 
3?3 

4?6 
39i 
314 

4'3 
J30 
262 

3S4 
283 
Z2S 

310 
247 
19b 

Z48 
198 
IS7 

207 

/67 
/3I 

/77 
141 
/IZ 

/SS 
72  3 
98 

138 
87 

724 

//3 
9o 

/03 
82 
65" 

li 

's% 

44.00   VOLTS    DELIVERED 

1 

MILE 

li 
MILES 

2 

MILES 

1% 
MILES 

3 

MILES 

3i 
MILES 

4 

MILES 

5 

MILES 

6 

MILES 

7 
MILES 

8 

MILES 

9 

MILES 

10 

MILES 

II 

MILES 

12 
MILES 

13 

MILES 

14 
MILES 

6SOOOO 
AOOOOO 
SSOOOO 

/  033  ooo 
9S4  ooo 
e74  Soo 

/S6O0 
IS900 

//  400 
/o  &00 

9300 
8SS0 

79S0 

7-f.ro 

(,SSO 
6370 

,4200 
.^700 
,5-300 

.^■3Kio 

4SS0 
4,5-.fO 

4i.ro 
4270 

3  9  80 

3720 
3420 
31  so 

3100 

ZSSO 
ZbSO 

2660 

2440 
2270 

2/40 
1990 

1900 

isba 
/s'90 

J  t9o 
/SSO 
14  so 

/4  3  0 
133a 

/320 

/2  30 

12  20 
/ 140 

SOO  OOO 

■f  so  ooo 
400  ooo 

79S  ooo 
7/SSOO 
636000 

I1300 

9S30 
Sboo 
7  tSO 

71  SO 
64SO 
S7S0 

v5-720 
SISO 
4i,00 

4770 
4300 

JI830 

40  SO 
3690 
3Z90 

^.^■70 

3230 
2  8SO 

2870 
ZSSO 
2300 

23SO 
ZISO 
/9ZO 

ZOSO 
1840 
7640 

I7SO 
/440 

/S90 
/430 
/Z80 

/430 
/290 
/ISO 

II80 

/aso 

1 190 
9bo 

99S 
SS7 

920 

82S 

3SOOOO 
300  000 

zso  ooo 

SSi.  SOO 
477  OOO 
3  97  Soo 

9S90 
7  no 

0,70 
S7ZO 
4  7SO 

SOOO 
4390 
3SSS 

4000 
3440 
2  870 

3330 
2860 
X390 

ZSio 
Z4S0 
ZOSO 

2,roo 
ZISO 
ISOO 

ZOOO 
1720 
I430 

/670 
/430 
/200 

/430 
/230 
/O30 

/ZSO 
/070 
900 

// 10 
9SO 

aoo 

SSS 

7/7 

910 
7  so 
653 

7/5 
600 

*bO 
SS2 

6/3 
SI  3 

'o°o°a° 

2  //  6  00 
/h7  772 

3364ZO 
266  ffoo 

z 1  1  9SO 

6OS0 
4  820 

■f030 

3Xio 

ZS30 

303S 

Z4IO 
/89S 

Z420 
1930 
IS3.0 

2020 
/ 1.10 
/2i,0 

'/Ifo 

fOBO 

/s  10 

9SO 

'Us 

7SS 

SOS 
632 

its 

688 
vr4  3 

7SS 
603 
47^- 

673 
S3S 
4Z2 

bos 
482 
379 

SSO 
438 
34S 

SOS 
402 
3/7 

467 

IVz 

34S 
27/ 

Z 

/  OS  s&o 
<ii3SS 

/67  aoo 

/ 33 ZZO 
/0SS30 

OO30 
Z390 
/too 

zona 
/S90 

/270 

/S/S 
//9S 
9  SO 

/ZZO 
9SS 
760 

/O/O 
79s 
633 

867 
683 
S4  2 

7SS 
S98 
47S 

607 

478 
380 

sob 

433 
34/ 
27/ 

377 
^3^7 

337 
Zbb 

303 
23? 

/to 

276 
2/7 
/73 

/99 
'SB 

233 
/83 
746 

;si 

■S 

S3  ,i24 

83  6*a 
ii  370 
SZ  430 

ISOO 

'9%% 

/ooo 

7SO 

too 

■4  7S 

<oo 
•f-»o 
J»o 

Soo 

428 
342 
272 

37S 
JOO 
237 

ns 

zso 
zoo 
/ss 

2/4 
/34 

/»8 

_J11 

'/il 

/SO 
/to 
fs 

/oy 

87 

'%% 

n 

'H, 

The  heating  limit&lions  may,  for  the  shorter  distances,  particularly  If  insulated  or  concealed  conductors  are  employed,  necessitate  the 
use  of  larger  conductors,  resulting  in  a  correspondingly  less  transmission  loss.  In  the  case  of  insulated  or  concealed  conductors,  should  the 
k.v.a.  values  fall  near  or  to  the  left  of  the  heavy  line,  consult  Table  XXV  for  insulated  or  Table  XXIII  for  bare  conductors.  The  reactance  for 
the  larger  conductors  may  be  excessive,  particularly  for  60-cycle  service,  producing  excessive  voltage  drop.  This  may  be  obviated  by  installing 
two   or   more  parallel   circuits   or  using   three-conductor  cables.     For   single-phase  circuits  the  k.v.«.  will  be  one-baU  the  table  values. 
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TABLE  XV-QUICK  ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE,  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS   FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    |2r  uqSS  (EFFECT  OF  CHARGING  CURRENT 

^E°L^°^^°'                                                                                                        AT25-C            AT66»C 
FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10  0%  LOSS 

d 

z 

CO 

m 

COPPER 

FOR  LOAD  POWER-FACTOR  OF    80%- 1 0.8%  LOSS-  12.5     LOSS 

ALUMINUM 

6000    VOLTS    DELIVERED 

1 

MILE 

li 

MILES 

1 
MILES 

2i 
MILES 

3 

MILES 

32 

MILES 

4 

MILES 

5 

MILES 

6 

MILES 

7 

MILES 

8 

MILES 

9 
MILES 

10 
MILES 

II 

MILES 

12 

MILES 

13 
MILES 

14 
MILES 

/  033  000 
9^4  000 

ST}  SOO 

31  s-oo 
29S<ia 

23/00 

19  70O 

/7300 
/S90O 
14  TOO 

13  Soo 
11X700 
//SOO 

II  Soo 
/Oi,0O 
9  9SO 

9  900 
9/00 
etao 

S&SO 
7  9  so 

7370 

4930 

6  370 
S900 

.5- 76-0 
.5300 
4920 

495-0 

4  sso 
■4220 

4320 

3  9SO 

3  6  90 

3  SSO 

3  S40 
3  280 

3440 

3/ffo 
2  9SO 

3  ISO 
2  890 
2  68O 

2  890 

3  6  SO 
2460 

2670 
^450 
3370 

2470 

3270 

Zl  1  0 

^00  000 
450000 
^.oo  000 

79SOOO 
7/SSOO 
<S3<;  000 

2  4  400 
23f  00 

moo 

/toao 

73  300 
1/  900 
I070.1 

/J  600 

9S50 

80-40 

3  3&0 

SOOO 

7iiOO 
&8S-0 
&IOO 

66.70 

S900 
S340 

s  320 

4  770 

44.50 

354' 

3  SOO 

3440 

3  050 

3  330 
2  950 
2  6  70 

3.960 
2  440 
2  370 

2  660 
3390 

2130 

^420 
2  /70 
1940 

3Z20 
2000 
1  780 

3  OSO 
1  840 

'i%ro 

'S3  0 

JJ-0000 

zso  000 

S-S6  Soa 

477  000 
397^00 

ISboo 
IS  9  00 
1330c 

9S90 

9300 
7940 

74  40 
.S370 
.5330 

&200 

S3IO 

.53/0 
45.JO 
3S/0 

4450 
aos'o 
33^0 

3  190 
2  470 

2650 

2460 
2  270 

2320 
1990 

'l4S0 

1  8bo 
I330 

14  SO 

ISSO 

/330 

1430 

/330 
950 

'::: 

2//  ^ao 
/  J  3  0  7  9 

33^  420 
2  6^  SOO 
2  /  /  9i~o 

1 IZOO 
ffV'S-O 
7O40 

7SOO 
S970 

54.20 
44&tJ 

3S30 

3S80 
2S2.0 

J9?o 
23io 

32/0 
2  360 
2020 

28IO 

2240 

/  76o 

2250 

m 

/2»0 

I4IO 
882 

12  so 
995 
784 

89S 
704 

814 
442 

937 
588 

966 

54  3 

»O0 
SOO 

z 

/  0  i-,r<s  0 

747   g-OO 
/33  220 
' OS  S3  0 

.5-420 
3  530 

3  7J-0 
J940 

ZSia 

2  ZSO 
I7SO 

/S'70 
/4  80 

L"! 

5-82 

8-90 
706 

937 
74  1 
S88 

S'03 
434 
S04 

70  3 

SSS 

425 
494 
392 

542 
444 
353 

Sis 

404 

32/ 

4tf 
294 

433 

■400 

3/7 
250 

3 

-5" 

^^6  2  + 
-»/   73S- 
31  OSS- 

83  <;4o 

di  37<3 
SI  1530 

2  7?0 
2230 

/  y4o 
/490 
//  ?o 

13  90 
'8«4 

891 
70g 

930 
74  3 
J-90 

777 

SOS 

497 
SSi, 

SS8 
444 
3  54 

4&S 
371 
2  95 

398 

3  1  8 

252J 

348 
278 
22/ 

310 
247 
196 

279 
223 

2.53 
201 

1  61 

231 
1  8S 

M'6 

200 
/24 

6600    VOLTS    DELIVERED 

1 

MILE 

MILES 

2 

MILES 

22 

MILES 

3 

MILES 

3; 

MILES 

4 

MILES 

5 
MILES 

6 

MILES 

7 

MILES 

a 

MILES 

9 

MILES 

10 

MILES 

1  1 

MILES 

MILES 

13 
MILES 

14 
MILES 

6^0  000 

feoo  000 

93-4000 
SvfSOO 

-I/90O 
3SSOO 

2?ooo 

2  .J  700 

Z3  goo 

20  •?oa 
19  300 
n  SOO 

/  4  800 

14300 

/4000 

12  Soo 

II  900 

'/  ]  000 

10  Soo 

9630 
6-930 

f4oo 
7/40 

S9SO 

t;>ooo 
ssoo 

5250 

48/0 
^440 

4  J  70 
3960 

4190 

3850 

3570 

3830 

3500 

3350 

3500 
32/0 

2<?S0 

3230 
2940 

3000 

2SS0 

joo  000 

^^0  QOO 
■^00  000 

79SOOO 
7/SSOO 
&3i,0OO 

32300 
2?/00 

21  SOO 
19400 
I73C0 

I4SOO 
/2900 

IZ900 
II  COO 
/O300 

I0800 

9  TOO 
g6S0 

%^.ro 

?0  7J- 
7270 

4440 
56-20 
5-/  80 

S400 
4  850 
4320 

4420 

4030 
3  240 

3  too 
3230 
2880 

3230 
2  590 

3940 
2440 
2340 

2490 
2420 

2480 
/990 

23/0 
208O 
/  850 

3S0  ooa 
2SO  000 

ssi  Sao 

477000 

397^-00 

22.400 
11300 
l&^oo 

/Sooo 

IZ^IOO 
10  SOO 

//300 
')i,So 
?/oo 

9040 
7720 
64SO 

7SZ0 
4440 
3-400 

&4SO 
&S20 
4420 

Si,SO 
4&20 

4530 
3340 
3240 

3770 
3  2Za 

3220 
2  740 
23  10 

2810 

25/0 
/  800 

1  930 

2050 

/  880 
/3  50 

/4  80 

138a 

If 

.'33  07f 

334  420 
2&4  SOO 
XII   -fSO 

13  600 

/oeoo 

S-ssa 

foso 
7200 
J-700 

i,3ao 

S4-00 

■41.70 

J440 
4320 
3420 

+  530 
3400 

2g'j-o 

3*90 

3osa 

2440 

3400 
2700 
2  /40 

2720 

2260 
/80O 

1940 
1  S4  0 

I3SO 

'950 

1  360 
/080 
855 

/230 
9  80 
778 

//30 
900 

S'30 

470 

6/0 

2 

Sa  6  94 

11,7  SOO 
733  220 
I0SS30 

4  SOO 

5  3&C 

4270 

4J20 
2^'SO 

3  400 
2690 
2/30 

x'iso 

a34o 

17  90 

1420 

1  940 
I.S30 

/340 

/340 
F54 

/ 130 
89  S 

970 

767 
6/0 

SSO 
4  72 
533 

755 
597 
477 

48o 
53  8 
427 

4/7 
490 
390 

sts 

448 
354 

522 
324 

484 
3  85 
304 

3 

^2  424 
41   73S- 
3308? 

83  640 
6&370 
S^  630 

3  3  5-0 
27/0 
2/40 

Z2S0 
1  SOO 
1420 

16  90 

13  SO 

lose 

S'40 

1130 

7IZ 

9i^S 

S4S 
S3S 

476 
5-42 
42S' 

SbS 
4Sa 

356 

^83 
388 
3oi 

422 
339 
248 

376 
300 
238 

338 

307 
244 
l*S 

282 

234 
/7f 

260 

209 
1  tS' 

24/ 
193 

10    000    VOLTS    DELIVERED 

6 

MILES 

7 
MILES 

8 

MILES 

9 

MILES 

10 

MILES 

II 

MILES 

12 

MILES 

13 

MILES 

14 
MILES 

15 
MILES 

16 

MILES 

18 
MILES 

20 

MILES 

22 

MILES 

24 
MILES 

26 
MILES 

28 

MILES 

&50000 
&Q0  OQC 

ssoaoc 

,    033  000 
9cr4  0oo 
S74  ^00 

16  000 
14  goo 

/3  700 

13  900 
12  700 
II7C0 

/2/00 
ji  100 
10200 

/c  700 

9S'20 

9/00 

9420 
8  8  so 

g'7.5-0 
80SO 
74  SO 

S'020 
7350 
4  920 

7400 
6800 

6370 
,i330 
SSSO 

i,4ZO 

S900 
S4SO 

4000 

¥iro 

.5-350 
■4920 

4  SSO 

4  S'20 

%Vo°o 

4380 
4020 
3720 

4020 
3  6  80 

3700 
3410 

3  1  so 

3440 
3  /<so 

2920 

SOO 000 
45OOO0 

79^000 
7/S  SOO 
634  000 

12300 
9-a-lo 

9SS0 
345SO 

9250 
84SO 

V4i°o 
d,S94 

'A°8% 
S930 

&7ZO 
SO  SO 
S390 

&1S0 
JS&O 
4940 

S700 
S'30 
4SbO 

.5-290 

49  20 
44  so 

3  9  So 

4&Z0 
41 70 

37/0 

-41  00 
3700 

Yffo 

3360 
3040 

3090 
27  SO 

28SO 
2  2  SO 

2440 
2  390 
2/20 

3^0000 

300  000 

2^0  000 

SS(,  SOO 
477  000 
3  97^^00 

S&IO 
7370 
4  /70 

73S'0 
4320 
i-290 

4440 
.5-^30 

.5-742 
49/0 

4  no 

S17  0 
3700 

■4700 
4020 
3370 

43/0 
3690 
3090 

39/0 
3+00 
ZSSO 

3490 
3/40 
2  640 

3440 
2950 
2470 

3230 
2760 
23/0 

2  8  70 

2040 

ZZIO 
1  SSO 

2  3  50 
16  SO 

2  ISO 
IS40 
/S40 

I990 

/840 
ISSO 

1320 

"00° 

/S3079 

33  6420 
244  S-00 
2.  /  /  9J-0 

S2IO 
•^i^O 
3270 

4440 
3SSO 
2FOO 

39/0 
3//0 

34-70 

3  JZO 
2490 
1  9&0 

2S'40 
2240 
/7ffO 

2o?S 

1  9_io 

2Z30 
/7  80 

2080 
1  t(,o 
1310 

/  950 

'/o^" 

/SiO 
9  8? 

1420 
"g9? 

'8/7 

957 

890 
700 

"^ 

<i,e,3S9 

/47  Boo 
/33200 
/0^i-30 

2  600 
2040 
/433 

;lll 

/9.ro 

/370 
/090 

1130 
■9  80 

S9l 

/300 

/030 

8/4 

949 
754 

8SZ 

1  040 
823 
4  53 

974 
77/ 

84.8 
4  86 

54  4 

781 
490 

S&l 
445 

45/ 
5/4 
408 

474 
377 

55  8 
■441 
3  SO 

3 

4  1  73i 

33  ossr 

y3440 
<=4  370 
.52  63  0 

/2?o 
S/9 

^e-f 

*69 
7  74 
4/4 

S&l 
4S'J 
.54  4 

77S 
4/9 
4'/  / 

Hi 
447 

444 
.5/4 
409 

596 
474 
374' 

SS4 
442 
3SI 

5-/7 
4/3 
327 

4  84 
387 
307 

43) 
344 

3  87 
309 
245 

223 

323 

HI 

298 
238 
/  89 

277 
IZI 

ns 

11000    VOLTS    DELIVERED 

6 

MILES 

7 

MILES 

8 

MILES 

9 

MILES 

10 
MILES 

II 

MILES 

12 

MILES 

13 
MILES 

14 
MILES 

15 
MILES 

16 
MILES 

18 

MILES 

20 

MILES 

22 
MILES 

■2A 
MILES 

26 
MILES 

28 
MILES 

<sSO  000 
•SSO  000 

/033000 
9£-4  000 
^74.foo 

7^1 

/.S"3o0 
14  SOO 

/4500 

/2  90a 

II  900 

//  400 

/0  400 
9  7SO 

9700 

S'9oo 
S2S0 

S230 

S'300 
7450 
70*0 

7750 

4  4  6-0 

5-950 

5500 

S800 
5350 
4940 

5270 

4  8  70 

4  850 
4450 

4450 
4/20 
3810 

4/50 
3820 
3  540 

^~oo  000 
■fSO  ooa 

■400  000 

79J-000 
I'.YoVo 

1490c 

I3S00 

/2S-0O 
II  SOO 
/D300 

112.00 

laioo 
fooo 

10000 

8  9  so 
sooo 

S970 

7  3  SO 

74  SO 

4900 
4200 

ssso 

SI  SO 

S9SO 
53*0 
4S'00 

5-400 
5050 
4500 

5-000 
4470 

4490 
4030 
3400 

4080 
34  70 

3  720 
3370 
JOOO 

3  4  SO 
2780 

3200 
ZSSO 
0.S70 

3  so  000 
300000 

xso  000 

Ss  4  ^oc 
477  000 

317  SOO 

8fxo 

J  9,5-0 
7  46-0 
i,400 

7S20 
S600 

/i9io 
S980 

4930 

12.270 
S3S0 
■4480 

Si  So 
■4870 

S2SO 

4830 
4120 
3440 

4470 
3830 

4180 
3560 

39/0 
3  3  50 

3480 
2990 
2490 

3/30 
2  470 

3  840 
2430 
2O30 

2230 
/  8  70 

3.4 1  0 

2040 
/  720 

2230 
1910 

/uoo 

"{f 

211  i,oo 
767  772 
73307? 

334420 
2  66  e-oo 
2//  9cro 

4300 
J020 
3  940 

.5-400 
4  300 
3390 

4  730 
3  740 

.4200 

3  340 

3  7*0 
3010 

3440 

2SIO 
19  SO 

2910 
IS20 

XISO 

2530 
/SSO 

/  SSO 
118c 

21  00 
/470 
/320 

IS90 

//IS 

'/ill 

/5  70 
/250 
990 

/4  50 
/  ISO 
9/0 

/3S0     .. 
1070 
SSO 

; 
2. 

/OSS&O 
SJi<r4 
ii3SS 

/33  220 

'''.r.r3o 

3/.f0 
2  4'?o 
I9ia 

2  700 
2  /40 

2370 
1  970 
/4io 

/3ZO 

;|9o 

//  80 

/720 
/340 
/OHO 

/S70 
990 

'/'iso 

7  350 
S'45 

7260 

laoo 

790 

//So 
740 

/OSO 
935 
460 

94S 
747 
592 

840 
6  So 

540 

787 
422 
495 

72  S 
575 
455 

67  S 
S3S 
■4ZZ 

3 

>r=624 
4/738 
330«f 

S'3  640 
&4  370 

i'Sr7o 

.'2  SO 
990 

7  340 
SSO 

7~*0 

»3t 

CiO 

940 
7S0 
S40 

SSO 
4»J- 
S4C 

7*5 
^2.5- 
493^ 

57S 
457 

470 
537 

4  24 

427 
503 
3  45 

SSS 

471 
3  7/ 

SZO 

■418 
330 

■4  69 
37(, 

425 
34a 

392 
3/2 
247 

340 

335 

248 

The    heating    limitations    may,    for    the    shorter    distances,    particularly   if   insulated    or   concealed    conductors   are   employed,    necessitate   the 
use   of   larger    conductors,    resulting   in    a    correspondingly   less    transmission   loss.      In   the   case   of    insulated    or   concealed    conductors,    should    the 
k.v.a.  values  fall  near  or  to  the  left  of  the  heavy  line,  consult  Table  XXV  for  insulated  or  Table  XXIII  for  bare  conductors.      The  reartance  for 
the   larger   conductors  may   be  excessive,    particularly  for   60-cycle   service,  producing  excessive  voltage  drop.      This  may  be  obviated  by  installing- 
two   or  more  parallel  circuits   or  using   three-conduutor   cables.     For   single-phase  circuits  the  k.v.a.   will  be  one-half  the  table  values. 


390 
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TABLE  XVI-QUICK  ESTIMATING  TABLE 


cc 

NDUC" 

roRS 

'                       KILOVOLT-  AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS   FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWIN'G    |2r  LOSS  (EFFECT  OF  CHARGING  CURRENT 
NEGLECTED)                                                                                                                 AT25-C             AT  65°  0 

FOR  LOAD  POWER-FACTOR  OF  100%— 8.66%  LOSS-  10.0%  LOSS 

FOR  LOAD  POWER-FACTOR  OF   80%-l0.8%  LOSS- 12.6     LOSS 

d 

z 

CO 

«f 
m 

COPPER 

ALUMINUM 

12  000    VOLTS    DELIVERED 

6 

MILES 

7 
MILES 

8 
MILES 

9 
MILES 

10 

MILES 

1  1 

MILES 

12 
MILES 

13 
MILES 

14 
MILES 

15 

MILES 

16 

MILES 

18 
MILES 

20 
MILES 

22 
MILES 

24 
MILES 

26 

MILES 

28 
MILES 

iso  000 
&00000 

SSO  000 

/  033000 
•9J--?  000 
97-3  soo 

3  100 

9  soo 

S200 
Ib900 

J*0O 

-•80O 

IS40t> 
4200 

13  900 

1  2  700 

//  too 

12  bOO 
II  boo 
10  SOO 

1  too 
otoo 
9  SSO 

/0700 
9  Soo 
If  100 

^900 

yijo 

93SO 
%%%°o 

S  bSO 
7  9S0 

7400 

7700 

bbOO 

i,9SO 
b3SO 

S900 

ik300 

S  9ao 
S400 

SSOO 

Sioa 

4920 

S3SO 
4  SSO 

49SO 
4  SSO 

4  2  20 

Soo  000 
f  so  000 

TVS  000 
71  s  soo 

li3i,  000 

17  SOO 

/S300 
1370a 

/3  300 
/XOOO 
1070a 

II  900 
10  boo 
t  490 

/o  700 
9600 

SS40 

gboo 

7770 

SOOO 

73S0 
bS70 

iSSO 

b4oa 

S700 

bOOO 

S340 

■S90O 
S3aa 

47SO 

S3S0 
4  Soo 

4  SSO 
4300 

3  8?o 

4000 

3S60 

4100 
3b9o 

3290 

3  800 
3420 
3  OSO 

3SOOOO 

300 000 

2SOOOO 

SSiSOO 
3  9^  soo 

S900 

9100 

9300 

8  270 
7  0»0 
S920 

7440 
6  3  70 
J-330 

4  7  60 
S790 
4  »iO 

S3IO 
1-t-tO 

S720 
4900 

S30O 
4  SSO 
38IO 

49bO 
4  2  so 
3  SSO 

3  9  SO 
3330 

3S40 
29  bo 

3190 
2  670 

J3go 
2  890 

2  b  SO 
2X20 

2  SbO 
24S0 

2  OSO 

2X70 

"ss: 

XI /  t>ao 

/33079 

33bfXO 
Xi,(,8O0 
X  II  9SO 

S970 

S120 

Si,20 

-»l»o 

3,130 

SOOO 
3  9  so 

3  140 

4  SOO 
3  SSO 
2«20 

4  090 
32S0 
XSbo 

3  7.S-0 
2990 
X.3S0 

3  41,0 
2-7  SO 

32l0 
2SbO 
2010 

3000 
23,90 
/SSO 

28/0 
2340 

2  SOO 
l9->o 

2  2,S0 

179/ 

1  b3  0 
1  2So 

1  S70 
I490 
1  ISO 

173a 
13  80 

.'2SC 

2 

/OSSbo 
^6  355' 

/67  900 
J3J 220 
/OSS30 

X960 
23S0 

IE 

28/0 

i  S70 

I7S0 

1  2  SO 

1  S70 
I4S0 

1370 
1090 

lb/0 
/X70 

//  80 
940 

1410 

'sso 

990 
7  SO 

1120 
S90 

SlO 

^40 
S90 

SbS 
683 
,543 

SO  3 

6  3X 
SO  4 

3 
•< 
S 

41  73B 
3309g 

83  410 
Hi,  370 

S2   630 

1  860 

//  80 

/  S90 

/3fo 
SS4 

990 

S9o 

SlO 
6-fo 

7-fO 
S90 

Sio 
680 
S4  0 

790 
SOO 

740 
S90 
472 

700 
SbO 
440 

620 
490 
3  90 

SbO 
3  SO 

SlO 
320 

460 
370 
2.9S 

430 
343 

400 
31S 
2SX 

13  200    VOLTS    DELIVERED 

6 

MILES 

7 
MILES 

8 
MILES 

9 

MILES 

10 

MILES 

II 

MILES 

12 

MILES 

13     1 
MILESi 

14 
MILES 

15 
MILES 

16 

MILES 

18 
MILES 

20 
MILES 

22 
MILES 

24 
MILES 

26 
MILES 

28 
MILES 

^So  000 
600 OOO 

/033  000 
fSfOOO 
S7t  SOO 

27900 
35700 

33900 

Villi 

]\lll 

/s'900 

'Xiio 

Itlll 

/4000 
/2SOO 
-1900 

1x900 
11  Soo 

/0200 

9  SSO 

8  9S0 

'SSSO 
7  9S0 

iiss 

3-9,i-o 

jH? 

s'loo 
S ,  oa 

j-ooooo 
tso  ooo 

79SOOO 
71  S  SOO 
<i3&000 

J-i  Soo 

I7300 

ISSOO 
It  soo 

,'tsoc 

12  900 

/2900 

'2foo 

11700 

stso 

9920 
8930 
8000 

S2S0 

Sboo 

7  7S0 
6  900 

Soso 

72,50 
b4SO 

ssoo 

SI  70 

s  eso 
47?° 

S  3SO 
4  SSO 

40M 

t'/tt 

3SOOOO 
JOOOOO 

2.S0000 

SSH  SOO 
477000 
3  97  Saa 

IX  900 
10  goo 

.2  loo 

11300 
9  6X0 

soeo 

SS70 
71  SO 

<<«. 

S200 
7C20 
SS70 

7SX0 
t*30 
S3S0 

,i'«30 
49t,o 

SS20 
4620 

S  ISO 
4300 

SbSO 
4  sxa 

SOOO 
4  3  80 
3  600 

4^/0 
3  860 

3  S'O 
2-7  30 

3470 
2  940 
2  4  80 

3  z:'0 
2  740 

°oSS 

/&7772 
133 079 

33&420 
266  800 

9100 

72X0 
S700 

ixoo 
4900 

S4  2  0 
4X«0 

i07O 
3  SOO 

S9S0 
4  330 
3-»20 

iffS 

4  SSO 

3bX0 
2  SSO 

4200 

3  330 

3fOO 
3  100 
2  4S0 

3  6-»o 
2  390 
2  2  80 

3420 
2710 

3030 
2  4'0 

f;fo° 

2  4  80 
SSO 

;Ji°o 

2  100 
13,0 

'Ail 

1 

/OS  .560 
S3    &94 
ii  368- 

/67  Soo 
/33 2xa 

/OSS30 

4  SSO 
3S90 
X  9S0 

3  9oe 
3070 

3-tlo 

2390 

2  730 

2  ISO 
1  710 

2-ISo 
/  SbO 

2.270 

/  Soo 

14  30 

2  100 
1  bIcO 

IS40 
1220 

'1ISS 

'ilVo 

'  9S0 

sso 

180 

830 
440 

bio 

i 

s 

3a  434 

4/738 

S3  640 
i  t,  370 
S3  &30 

2  2S0 

1930 

1  tSO 

'o?o 

I3S0 
/OSO 

eso 

9SS 
77? 

'900 
7'  0 

ibo 

9to 

900 

bSO 
SSO 

S4  0 
430 

390 

4J0 
340 

330 

~"S 

IB   000    VOLTS    DELIVERED 

6 
MILES 

1 
MILES 

8 
MILES 

9 
MILES 

10 
MILES 

II 

MILES 

12 

MILES 

13 
MILES 

14 
MILES 

15 
MILES 

16 
MILES 

18 

MILES 

20 
MILES 

22 
MILES 

24 
MILES 

26 
MILES 

28 
MILES 

&SOOQO 
600000 

/  033  000 
9S4  000 

34000 
33200 

30  600 

3/  000 
29SOO 

X49O0 
23000 

24  000 
20  Soo 

21  &00 
I990O 
IS400 

19  soo 

ISXOO 
/6700 

isooa 
liioo 

/S300 

/iboo 
IS300 

'liTo^o 
13  100 

14400 

I3300 
12  300 

13  Soo 

/2400 

/  ISOO 

/0200 

9  9SO 
9200 

9  100 

S  3SO 

S300 
765<3 

7bSo 

7  OSO 

7100 
6S50 

Sooooo 
'^■50  000 

7  9SOOO 
71  S  SOO 

27  900 
xsooo 

2  3  900 
2I400 

2  0  eoo 

iSboj> 

14  soo 

lt,700 
/SOOO 

/S2ao 

/3600 
IXlOO 

/3900 

/2S0O 

IX  goo 
/I  soo 

;i9oo 
/o  7oa 

9  S40 

s  900 

/0400 
93S0 
8340 

g3S0 

7  420 

7  soo 

C  670 

6  800 

6250 
.5"  ,1-60 

S  7SO 
J-/30 

S3SO 

3  so  000 

300  000 

SSiSOO 
477  000 

I9  400 
/660O 
13900 

II  900 

nsoo 

12  900 
9  2bO 

7  810 

1 1  boo 
9  9  to 
^330 

loboo 
9  OSO 
7S70 

9^90 

8X90 

b940 

9940 

7  bbo 

F300 
7  100 
S9S0 

6  6  40 
SSbO 

SXio 

SS30 

SOOO 

4  1  bO 

4  sxo 
3  790 

4  ISO 

3  830 
3  200 

3  ssa 
2  9  so 

"ooo 

XI  1  too 
/67  772 

33i,  4X0 
Xil,  Sao 

9330 

'llVo 

9790 

6  2  30 
4*00 

SbOC 

i  390 
S090 

S  Sio 

4  b&a 

S4IO 
4300 
3390 

SO20 
4000 
3  ISO 

4  bSa 
3  730 
2940 

3  SOO 

3  no 

2  4  so 

2  SOO 

2  S40 
2  000 

^m 

2  000 

1    S70 

z 

1  OS  Sio 
8  3*^-? 

1  67  eoo 

733  230 

SSko 
3  670 

Sooo 
3970 
3  ISO 

4390 

3  470 

3  090 
24SO 
1  940 

3SI0 
2  7  SO 
2X10 

-T777 

2S20 
2000 

2310 

1  S4  0 

2700 
2  140 
1  690 

19  SO 
/  S70 

2  340 
/   SSO 

I'ZSO 

'i^iS 

1  XbO 

'920 

'%Vo 

990 
7  so 

3 
4 

SZl-X-i 
fl  738 

83b40 
lib  370 

2  320 

X490 
1  99a 

2  ISO 

ISSO 

1230 

IS90 

1  4  so 

1  340 
SSO 

990 

1  1  bo 
930 
730 

8  70 

bl4 

b90 
430 

630 
300 

.SSO 

4bO 

490 
390 

16  500   VOLTS    DELIVERED 

6 

MILES 

7 
MILES 

8 
MILES 

9 

MILES 

10 

MILES 

II 

MILES 

12 
MILES 

13 
MILES 

14 
MILES 

16 

MILES 

16 
MILES 

18 
MILES 

20 
MILES 

22 

MILES 

24 
MILES 

26 
MILES 

28 
MILES 

&S0  000 

600   000 

1  033  000 
9S4  000 

4  SAO 
-1020 

3g9oc 
3-t  SOC 

a^tooo 
3020c 

2i»O0 

27200 

21900 

20  3ao 

22700 
20  100 

21  000 
IS  boo 

I9SOO 
'/S900 

/*200 

14  Soo 

IS  100 
I3900 

/3400 
/2400 

/200< 

ioToo" 

'?§SS 

4300 
8400 

Sboo 

79SO 

^00    000 
4SO  000 

79s  000 
7/J-SOC 

3370 
30  -JO 

)  2S90C 
3  2* 00c 

2  J30 
22»0 

2  2  J-OC 
)    /»  00 

ISXOC 

JbbOC 
14  700 

lb  SOC 
13  SO 

ISSOO 

1240c 

14  400 
13  000 

13  sac 
ixioa 

II  400 

'yogg 

9  100 
8  100 

S3O0 
7  3SC 

6  7.fO 

4200 

S4SC 

bSOO 

ssoo 
Sioo 

4310 

36/0 

■~ 

330  000 

SSbSOi 
47700C 

2  3  70 

I  ^Vo". 

IS  IOC 

ISSO 
1  3  40< 

IViB 

I2  90C 
9200 

II  SOC 
S4SC 

1090C 

7  7  SI. 

ibSt 

SObO 
4  720 

7SS 
b  30 

3      4  700 
3      SbOC 

4  0io 
SOSO 

SSOC 

4  boo 

SOSl 

4bSC 

3  89C 
32ic 

ooo 

X  1  1  i.00 

/*7  772 

334-»2t 

)    I430C 
)     //30C 

9700 

II  700 
ssoc 

9  SO 
7SS 

SSXl 
J      67SC 

bi7C 

Si70 

S  22 

bOS 

■>      4S(, 

3  S3 

5700 
4- ^"3 

42s 
)      3  3S 

3       3  770 

3  39C 

3  OS 

2  43 

>     283 

223 

3     24/0 
)    ao6<: 

2430 

X 

3- 

JOS s&o 
?3  4?-t 

167  Soo 
/33XXC 

^62 

6/00 
3      482 

S3X 

3     422 

1       37S 

3      42* 
3      3  3  7« 

3»6< 

3  0  7C 
243 

3  S4i 

2  SIC 

3      2  13 

3  27 
2  S9 

304 
3       2  +  /< 

J      2S4<: 
2  2,SC 
/  7  8C 

2  64 

2  110 

1  S7C 
1  <» 

1  btc 
y      /33c 

1  S3C 

/  X9C 

/O30 

9SO 
7SO 

72  UX* 

1    -ii'oi'r 

g^h4c 
6637 
SXb3 

3S4 
■>        2  92 
0      222 

0      303 

0      2iS 
0      2/2 

231. 

1        1  SS 

/4S 

1        /6f 

3       193 
1       1 S3C 

/  7^0 

I4ia 
1 120 

1  30 

)       ISIO 

)       /2I0 

9SI 

ff^o 

83 

94'- 

3             74 

84C 

3        67<: 

7bo 
boa 

SbO 

*SC 
Sic 

4*0 

The  heating  limitations  mny.  for  the  shorter  distances,  partuularlv  if  inaulate.l  or  concealed  conductors  are  employed,  necessitate  the 
use  of  larger  conductors  resiiltinK  in  n  correspondingly  less  Iransmnsiun  loss.  In  the  case  of  insulated  or  concealed  conductors,  should  the 
k.T.a.  T.lues  fall  near  or  I0  the  left  of  the  heavy  line,  consult  Table  XXV  for  insulated  or  Table  XXIIT  for  bare  con.luctors  The  reactance  for 
the  l«rt»r  condnctors  may  be  excessive,  particularly  for  60-cycIo  service,  producing  excessive  voltage  drop.  This  may  be  obviated  by  installine 
two  or  moro  parallel   circuits   or  usinf   threo-coaductor   cablei.     For   sinjle-phase  circuits   the  k.v.a. 


ill   be  one  half  the  table  values. 
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TABLE   XVII    QUICK  ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS   FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    i2r  LOSS  {EFFECT  OF  CHARGING  CURRENT 
NEGLECTED)                                                                                                 ..r„  .„ 

AT  26°  C            AT  fi.S"  n 
FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10  0%  LOSS 

6 

z 
CO 
<* 
m 

COPPER 

CIRCULAR 
MILS 

ALUMINUM 

MILS 

FOR  LOAD  POWER-FACTOR  OF    80%- 1 0.8%  LOSS-  12  5     LOSS 

20    000   VOLTS    DELIVERED 

7 
MILES 

8 

MILES 

9 

MILES 

10 
MILES 

1  1 

MILES 

12 
MILES 

13 
MILES 

14 
MILES 

15 

MILES 

16 

MILES 

18 
MILES 

20 

MILES 

22 
MILES 

24 

MILES 

26 
MILES 

28 
MILES 

30 

MILES 

too  OOO 

^SO  O  CO 

•?.f-»ooo 

97-)  SOO 

so  SOO 
■t6  SOO 

-«-f  200 
41  OOO 

■»2  70O 
J9  400 
3<iS00 

35400 
3  2  8-00 

32  200 
Z9  8oa 

Z9SOO 
27  300 

z9Soa 
27200 

2SZOO 

27500 
zs  300 
23400 

2  5  700 
2  3  600 
21  SOO 

Z360C 

22100 

30  SOO 

19  700 

lazoo 

1  9  zoo 
17700 
/6400 

17400 
It/00 
14900 

/*ooo 

I4700 
73  too 

/4SOC 

',1%%% 

i34-oaf/z8oo 
12  70o\il  8ao 
II700\/0900 

+  ^0  OOO 
woo  OOO 

7/S  ^S'00 
636000 

3t2oO 
3  3  900 

33  400 

29  toe 

Z9toa 

Zi  400 

23  700 

-24300 

Zl  ZOO 

1 9  aoo 

30  SOO 
IS  zoo 

/9000 

169  00 

IS  aoo 

/i7O0 
14  800 

I480O 

13200 

14900 
/3300 
//  ?oo 

12  1  00 
10  800 

/Z30di/i^aa 
/I  ioo\/o2oa 

9  890\  9/30 

/"oioo 
9  SOO 
8480 

9900 

8  900 

7910 

JJO  OOO 
JOO   OOO 
^^O  OOO 

-J  77000 
397  SOO 

2  9.500 
2.f  300 

2  1  loo 

22  lao 
1  SSao 

If  700 

/4S°0 

/3400 

14  700 

12  300 

I  S9oo 
I3  6O0 

II  400 

IZ  koo 
/O  600 

1 1 800 

9  880 

12900 
9Z60 

II  SOO 

9  830 
S330 

/0  300 
8  8  SO 
74/0 

9400 
aoso 

67  30 

8610 
7370 
6  /70 

7  9  so 

teio 
3-700 

7  380 
6320 
5290 

6  890 
S900 
4  940 

"^B 

Zl  1  too 
133  07f 

33i,420 
3  (,6  goo 
All  9SO 

17800 
/■f  200 
//  200 

isboo 
/A400 
9\soo 

I3900 
S7I  o 

IZ  SOO 
99SO 
7  84  0 

//  300 
Vi^o 

10400 

8  zaa 
iS3o 

9  blO 
7  ASO 
<i030 

stao 

a  330 

6  6  30 
S230 

7  8/0 

4900 

6940 
SS30 
4360 

6250 
4970 
3920 

4  520 
3.560 

J-2;o 
4  ISO 
3  270 

4  e/o 

3  »30 

3010 

4460 
3  SSO 
2  800 

4  /70 
J  3/0 

2 

/OJ^JAO 
^43  JS- 

/i7SOO 
/332ZO 
/OS  ■S3a 

9930 

S(,ao 

7  8lO 
il70 
4  900 

i  940 
S490 
4  3^0 

tzso 
4940 

4490 
3Si,0 

S2IO 
J  270 

4S'/o 
38IO 
J  020 

4460 
3S3a 
Z800 

3290 
26IO 

3  910 
3  090 
24SO 

3470 
2740 
2180 

3/ JO 
2  470 
/960 

2S40 
2  240 
/  7»0 

2600 
20*0 
/630 

2400 
1900 

1  SIO 

2  230 

20g0 

/640 

4 
■^ 

f/  73ff 
33  OSS 

<ie,370 
SZ&30 

3S-to 
Z^IO 

3^70 
3I0O 
2-4iO 

2  7^0 

ziao 

Z480 

/9ta 

ZZSO 
1  790 

2iiro 

2Oi0 
/  640 

/  900 
/  SIO 

/  400 

3  070 
1  6S0 
/  310 

1  SSO 
1  230 

1  720 
/3»0 
/090 

ISSO 

9ao 

1 IZO 
890 

/290 
8Z0 

1190 

9SO 
7S0 

SS4 

6  so 

22  OOO   VOLTS    DELIVERED 

7 
MILES 

8 

MILES 

9 

MILES 

10 
MILES 

II 

MILES 

12 

MILES 

13 
MILES 

14 
MILES 

15 

MILES 

16 
MILES 

18 
MILES 

20 

MILES 

22 
MILES 

24 
MILES 

26 

MILES 

28 

MILES 

30 
MILES 

bsoooa 

600  OOO 
■S.SO  OOO 

9S^ooo 
S7'^soo 

a  SOO 

t/lOO 
S^Soo 

5ff  aoo 

S3  SOO 

49t.oo 

SI  800 
47  &00 
44  2O0 

4i,600 
42800 
39  700 

J890O 

36  100 

3  8S'oo 
3^^*00 
33  '00 

3S  800 
3X9  00 
30  SOO 

33  300 

30  600 
2»400 

31  OOO 
26  too 

29/00 

26700 

24  aoo 

ZS900 

2  3  800 

23  300 
2/400 

19  8  00 

/9400 

r^iii 

17  900 

16400 
IS  AOO 

/6  600 
/5  300 
/4200 

ISSOO 

13700 

13  200 

^OOOOO 
■^SO   OOO 
400  OOO 

79s  OOO 
7/S  SOO 
636000 

S/300 
^6  OOO 

4-4  900 
40  ZOO 
3  6,000 

40  000 
J.Jg'OO 

3S900 
28  800 

JZ600 
Z9  300 
Z6  200 

29  900 
Zhloo 

Z7  too 
24800 

2S700 

23000 

20  toOO 

23900 
2  1  SOO 

2Z4O0 
20  100 
18  000 

17900 
16  000 

17900 

16  100 
14400 

/6300 
/46O0 

149  00 

13400 

13  SOO 
/240O 

/2800 
/0300 

II  900 

9600 

3SO OOO 
300000 
2S0  OOO 

SS&  SOO 
397  SOO 

3S8O0 
30iOO 
25*oo 

31  40<J 
2A700 
ZZ400 

27  900 

23  eoo 

19900 

3S/00 
Zl  400 
I7900 

2  2  aoo 

19400 
It,  300 

Z0900 
14900 

19300 
16  SOO 
13  SOO 

1  7  900 
IS300 
IZ800 

/6700 
14  2  00 

13  300 

13900 
9  9  SO 

12  SSO 

10  700 

B9S0 

9700 

also 

8  900 
7  4SO 

9  6SO 

azsa 

6900 

89J-0 
7  6-S-O 
6  400 

83S0 

«ooo 

aoco 
oo 

3.1  1  600 
/67  77^ 
/3307y 

336  -f20 

2&6  sao 

All   9  SO 

Zl  SOO 
I3  600 

IS900 

/SIOO 

itaoo 
/3400 
loioa 

9  SOO 

/3  700 

iiso 

IZioo 
7920 

II  600 
9300 

S6S0 
«780 

aoao 

&  330 

9  4S0 
7  SSO 
S900 

6  700 
3- 300 

7555 

6osa 

4  7SO 

6  8S0 
ssoa 

6  300 
SOSO 
3  960 

5g-O0 
4  450 
3  650 

.5400 
4  320 
3  390 

SOSO 

0 

z 

/OS  S&O 
S-3  bf-^ 
6&  3iS 

/  k7  »00 
/ 33 Z30 
/aSS30 

/0  900 
SSZO 

6/s-o 

94SO 
74BO 

J9SO 

»39o 
vr280 

7SSO 
S970 
4  7SO 

iSio 

S420 
4320 

&300 
4  980 
3  ato 

S820 
4600 
3  660 

S400 
3400 

.^■030 
3  9SO 
3/So 

4720 
3  74  0 

4  i9o 
3320 
2  640 

3  770 
2980 
2  3  70 

3430 

2  1  60 

3  ISO 
2490 
I980 

2910 
2  300 
1830 

2  700 
2  /30 
/  700 

ZSIO 
19  80 
1  S90 

3 
■J- 

^2(42-t 
-»<  73S 

J3  O?? 

S3  6f0 
(0,370 
S3.C30 

S3€o 
4  300 
3  390 

4  tea 

3770 
2970 

\lVo 

37  SO 
3OI0 
Z370 

34(0 
2  740 

I'sVs 

1  980 

Z890 
2  320 
/  g20 

2(,gO 
169° 

2500 
20/0 
/5S0 

Z340 

1  aao 

I480 

2  OSO 
1  67a 

/  S70 
/SOO 
1 180 

1  700 
I370 
/O80 

IS60 
/2S0 
990 

I440 

II  to 

9/0 

/340 

1070 

»40 

1  zso 

710 

30   000   VOLTS    DELIVERED 

12 
MILES 

14 
MILES 

16 
MILES 

18 
MILES 

20 

MILES 

22 
MILES 

24 

MILES 

26 
MILES 

28 
MILES 

30 
MILES 

32 

MILES 

36 
MILES 

40 
MILES 

44 
MILES 

48 
MILES 

52 
MILES 

66 
MILES 

&  SO  OOO 
HOO  OOO 
SSOOOO 

/  03  3  OOO 
9  St  OOO 
S71  SOO 

7Z3  00 
66200 
HI  SOO 

AZOOO 
S68O0 
SZ800 

.5'4  2^0 
49  TOO 
46200 

-J82O0 
44200 
4/000 

43  200 
39  800 
3  6  900 

39400 
36200 
3  3  SOO 

36/00 
33200 
30  800 

33  JOO 
2S400 

30900 
29400 
26400 

28  900 
2i,SOO 
24700 

27/00 

24  800 
23  100 

24/00 
22100 
20S00 

zi6ao 

IS400 

I9  700 
leioo 

/6  700 

/6600 
/j-400 

It  too 

/S300 
/4200 

/5--fOO 
/4-200 
/3200 

SOO  OOO 
-t50000 

79SOOO 
7/S- SOO 
4.3  i,  OOO 

SSiOO 
SO  OOO 
,114  SOO 

47800 
42800 

33/aa 

41  800 
3  7  SOO 
J3400 

J7/00 
3340O 

33400 
30  000 

30400 
27  300 
24  300 

27900 
ASlOO 

2  5  700 
23  100 
20  SOO 

5  3  9oo 
Z  1  SOO 
19  100 

22  300 

17  aoo 

Z0900 
IS  700 
I6700 

lasoa 

16  700 
/4.SOO 

isooo 

I330O 

/5200 
I3&00 

/3foo 
/2  500 

12  800 

II  sao 
10  200 

11900 
9540 

3SO  OOO 
3  00  000 

a^-oooo 

ssa  so  0 

■977O00 
3  97SOO 

387O0 
33300 
27ffoO 

33200 
2S400 
2  3  SOO 

29/00 
24900 

Zo  too 

2  5  SOO 
/S500 

2320a 
■  "  900 

Zl  100 

18  lOQ 
/S  100 

I9400 
16600 
I390O 

IS300 
I2S0O 

I6600 
II  900 

ISSOQ 

14  Sao 

IZ400 

IZ900 
9Z&0 

II  600 
99SO 
S330 

I0  600 

9osa 

7S70 

96  90 
SZfo 
6940 

8940 
7660 
&400 

830O 
7/00 
S9SO 

"Cf 

x.nt.oo 

/&7  772 
/3307f 

J36->20 
Ait  sao 

All    9 SO 

23.)00 
/■«700 

ZOIOO 
IXboO 

17  (,00 

II 030 

IS&OO 
IZ400 

9  aoo 

II  200 
88ZO 

IZ  800 
8020 

9330 
73SO 

1  0  800 
9bio 
6  790 

10  000 
goao 

6  300 

9370 

7460 
SSSO 

8  7  90 
7000 
•SSIO 

7SIO 
6220 
4900 

7030 
S6  00 
4410 

6  39a 
SO90 

SS60 

4660 
3  6  70 

S4I0 
4300 
3390 

50  20 
4000 
3/50 

2 

/oij-60 
«6  3i^r 

0,7  800 

la-izio 
/OS  S3a 

//  700 
9Zio 
•'3S0 

/OOOO 
7940 
6  300 

asoo 

&940 

ssia 

7SIO 
4900 

SSSO 

6  390 
SOSO 

SgAO 
4  6  30 
3  670 

^■400 
4270 
3  390 

.5020 
3970 
3  ISO 

4h90 
3  700 
2940 

4390 
3470 

Z76a 

3910 
3090 
2450 

3SIO 
2780 

3I90 
2520 
Aooo 

A930 
33  10 
1840 

2700 
2/40 
169a 

2  5/0 
I9SO 

3 
S 

^2  i-?-? 

-»  /  73S 

33  ory 

a3iio 

i<,370 
SAi-iO 

SSIO 
4itO 
3  bfl 

-fjeo 

3  980 

3  lio 

43bO 
3480 
Z7io 

3  3  SO 
3  100 
Z4SO 

3  410 
2  790 

3  I70 
2S30 

A9.0 
2320 
/  S4  0 

Zi,ao 
ZI40 

2490 
1990 
/SSO 

2  330 
/S60 

ziao 

1740 
13  80 

ISSO 
1X30 

/390 

isaa 

/OOO 

I4SO 
II60 
9x0 

I340 
8S0 

IZ40 
990 
790 

33  OOO   VOLTS    DELIVERED 

12 
MILES 

14 
MILES 

16 

MILES 

18 

MILES 

20 
MILES 

22 

MILES 

24 
MILES 

26 

MILES 

28 
MILES 

30 

MILES 

32 
MILES 

36 
MILES 

40 

MILES 

44 
MILES 

48 

MILES 

62 
MILES 

66 

MILES 

taSO  OOO 
AOOOOO 
SSOOOO 

/O33O00 
9StOOO 
87  f  SOO 

8720O 
?0  200 

7SSC0 

74  7O0 
6  8  SOO 

<i4eoo 

i,S300 

fco  200 
SC-ioo 

sa  200 

S3io0 

S2  200 
4  3  200 
4  i  300 

43eao 

4  3  700 
4.0200 
37  700 

3  4  aoo 

34400 

i^taoo 

3  2*50 
30/00 
2^300 

.29  /£>o 
2  6»0O 
ZS200 

24/00 

23  800 
Z1900 

Zl  SOC 
ZOIOO 

IS  aoo 

20/00 
lasoo 

18  TOO 
17  zoo 
I6200 

SOO  OOO 
4.SOOO0 
-f  OO  OOO 

79SOOO 

7/J-soo 

&3&OO0 

6  7  300 
60  400 
S4  0OO 

S7S00 
SI  800 
4&300 

4S300 

40200 

40400 
36  300 
32400 

3b  aoo 
33000 

2  4J-00 

33700 
30  200 

31  1  ao 
Z7  900 

2.5-900 

Z4  100 

Zl  600 

226O0 
2O3O0 

2  2  SOO 

1  aooo 

/  a  loa 

/6200 

1S40O 
16  SOO 

It  800 

/S  100 

issao 
13900 

12  SOO 

14400 
IZ900 
II  600 

3SO  OOO 
300000 
ASOOOO 

sse,  SOO 

■477000 
397JOO 

47O00 
4  0  ZOO 
3  3  700 

40300 
34  SOO 
Z8  9O0 

3S300 
30X00 
ZS200 

j;4oo 

2k9CO 
22400 

AS  200 
Z-tioo 

2i700 
2/ 900 

/  r  joo 

23  JTOO 
20  100 
16  800 

18600 
ISSOO 

20200 

/7300 

IS  800 
13400 

17  600 
12600 

/S700 
/3  400 

/2  000 

1 Z800 
/O  9 00 
9ISO 

II  700 

/OOOO 
8400 

/o  800 
9  300 

7TSO 

ZOIOO 
8tso 
7200 

°°°° 

X/  /  6oo 
/47  772 
/33079 

336-f20 

2  6  *  eoo 

A  /  1  9S-0 

2?3O0 

^?lo°S 

Z4300 
IS200 

Zl  ZOO 

/t.900 
1 3300 

1  8  900 
ISOOO 

/I  aoo 

13  SOO 

/J  300 

9  700 

"a%Vo 

'$220 

/2200 
9  680 

II  400 
9  oso 
7/20 

/06OO 
84S0 
t  6SO 

9  4SO 
S^oo 

asoo 

6  750 
J^350 

6  ISO 
4S50 

S6S0 
44SO 

6  SSO 

s  zoo 

4  no 

6/00 
4  840 
3  8/0 

Z 

/a^SiO 

ra  69-r 

&i3i» 

/&7800 
/33220 
/0^^30 

»9oo 

9  600 
7  U20 

/O  too 
8400 

9  4i,o 
S9ZO 

a  SAO 

S3  30 

7  7J-0 

S600 

44SO 

&SSO 

siao 

ioao 
4920 

3810 

.5  6^0 
4  SOO 
3  560 

5300 

4730 
3740 
2960 

4260 
3360 

3  870 
3060 
2430 

3  SSO 
Z800 
22  30 

3  270 
2590 

J  040 

/  9/0 

3 
■* 

s- 

SXUX-f 
■11  738 
330gS 

83  610 
6*  370 

■szajo 

7  0i-0 
SASO 
-J930 

6  0S0 
48  SO 

3»ao 

S300 
423a 
3339 

37iO 
Z9i» 

3390 

38  so 

30  ao 

2420 

3S20 
Z820 

3  2  50 
24/0 
2050 

3020 
Z420 
1900 

2820 
2260 

2  6.50 

2350 

laso 
/4ao 

/690 
1330 

I9ZO 
IS40 

I760 

/620 
/300 

1  SIO 
'  fSO 

The  healing  limitations  may,  for  the  shorter  distances,  particularly  if  insulated  or  concealed  conductors  are  employed,  necessitate  th» 
use  of  larger  conductors,  resulting  in  a  correspondingly  less  transmission  loss.  In  the  case  of  insulated  or  concealed  conductors,  should  the 
k.v.a.  values  fall  near  or  to  the  left  of  the  heavy  line,  consult  Table  XXV  for  insulated  or  Table  XXIII  tor  bare  conductors.  The  reactance  for 
the  larger  conductors  may  be  excessive,  particularly  for  60-cycle  service,  producing  excessive  voltage  drop.  This  may  be  obviated  by  installiue 
two  or  more  parallel   circuits  or  using  three-conductor  cables.     For  sin«Ie-phase  circuits  the  k.v.a.  will  be  one-half  the  table  values. 
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TABLE  XVIIIQUICK   ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS  FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    i2r  LOSS  (EFFECT  OF  CHARGING  CURRENT 
NEGLECTED)                                                                                                        ^T  25"  C            AT  65' C 

FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10.0%  LOSS 

FOR  LOAD  POWER-FACTOR  OF   80%— 10.8%  LOSS-  12.5     LOSS 

6 

r 

CO 

«l 

m 

COPPER 

ALUMINUM 

40   000   VOLTS    DELIVERED 

14 
MILES 

16 

MILES 

18 
MILES 

20 
MILES 

22 

MILES 

24 
MILES 

26 

MILES 

28 
MILES 

30 
MILES 

32 
MILES 

36 
MILES 

40 
MILES 

44 
MILES 

48 
MILES 

52 
MILES 

56 
MILES 

60 

MILES 

tSoooo 
Aoo  ooo 
■ssoooc 

/  033  ooo 
9J-J  ooo 
g7-*  SOO 

oiooo 
93900 

9  noon 
gS?oo 

8ZOOO 

SS300 
7S800 
73  ooo 

7bSOO 
JO  SOO 
iSSOO 

70  0  00 
il-SOO 

S97O0 

s-tzoo 
S9  000 

5-4700 

.ir9ooo 
.5450  0 
J-O500 

ssooo 

S07OO 
4  &800 

5/300 

47300 
43  700 

4^300 

4/000 

42600 
39400 
3  6  500 

38400 
35400 
33  700 

35000 

33200 
Z9S00 

32/00 
39  soo 
27  300 

39S00 
37300 
3S3O0 

2  7  500 
25300 

2560O 
23600 
2  1  80a 

j-ooooo 
♦  JO  ooo 

■400  ooo 

7  9S  ooo 
7,s  SCO 

94too 
76300 

6.7  eoo 

6  6  700 
.5-9  300 

if  is  OOO 
S9300 
SZ700 

S930O 
S3  SOO 
■^7  SOO 

S4000 
'^8  SOO 

49400 

■4■•^sao 
39  SOO 

45600 
4/  000 
3  0  SOO 

42  300 
38/00 
3  3  900 

3  9  Soo 
3SCOO 

31  aoo 

37OO0 
J3300 
2  9  700 

33  000 
29600 

39  too 
2  6  700 
2  3  700 

37000 
24200 
2/6O0 

247O0 
22200 
19  SOO 

33  SOO 
20  Soo 
18  300 

/6  900 

19  700 
'SSOO 

3S0  ooo 
300 ooo 
ZSocoo 

SSi  SOO 
-»77  OOC 
J07vroo 

S9OO0 

SO6O0 
4  3  3oo 

SI  7O0 
44200 
37000 

■4S900 
3930O 
3  3  900 

■9'  3  00 
3S9-00 
29600 

3  7  MO 
32200 
2  6  900 

34400 

2  9  .TOO 
24  70O 

31  SOO 
27200 
2  2»oo 

2  9  .TOO 
2.S30O 
2/  /OO 

37  SOO 
23&00 

2  5  800 
22  /oo 
/g500 

23000 

/9  700 

2  0  700 

/4  SOO 

/8  80O 
/3  SOO 

I7300 
13  SOO 

IZ600 
O6O0 

13  Soo 
II  800 
9S8a 

°i°i 

X.I  1  i,oo 
133  OTf 

33  ttZO 
266  ^OO 

2  '  /   f  J-O 

3S700 
Z-X400 

31  200 
24  800 
I9<^00 

Z7SO0 

2SOO0 
/9  900 
/  S7O0 

2.2700 

/Siao 

14  loo 

20  800 
/6  600 
/3  IOC 

19  ZOO 
IS300 

ixiao 

/7  SOO 

/6  700 
/3300 
/0400 

/56OO 
ISOO 

/3f00 
'8  7?0 

IZSOO 

9  9  SO 
7  840 

1090 
7/30 

/0400 
8230 
6  430 

9610 
76.50 
6030 

8  930 
7110 
5600 

8330 
6^.30 
5230 

z 

/OS  J  to 
S3  ty-J 
ib3SS 

/67  800 
/33  220 
/OSS30 

17  eoo 

/sioo 

IZ300 
9  800 

I3900 

10  900 

8  7/0 

/zsoa 

9  880 
7S'-fO 

/I  300 
8  980 

7/30 

/0  400 
S330 

9  620 
7  J90 

6030 

8930 
70S0 
SCOO 

8  330 
6  SSO 
5230 

7S/0 
4900 

6  940 
5490 
4  360 

iZSO 
4940 
3930 

5680 
4490 
3  560 

52/0 
4  /  to 
3370 

4  8/0 
3  800 
3020 

4460 
3530 
2  800 

417a 
3  290 

3 

t 

s 

■*!   73  S" 
330ffS 

sy6<) 

5-6/0 

6/90 
■4910 

6  9»0 
SSOO 
4  370 

6200 
-f9JO 
3  930 

i-640 
■fSOO 
3S70 

4  /30 

3280 

4  770 
3  810 
3030 

4430 
3.540 
ZSIO 

4/  30 
3300 
2620 

3  870 
3090 
2460 

3440 
2750 
2/80 

3  100 
2  4  80 

2820 
2  250 

ZSSO 

Z060 

3  3SO 
1  9/0 

22/0 

2O70 
/  650 

4.4  OOO   VOLTS    DELIVERED 

14 
MILES 

16 
MILES 

18 

MILES 

20 

MILES 

22 

MILES 

24 
MILES 

26 
MILES 

28 
MILES 

30 

MILES 

32 

MILES 

36 
MILES 

40 
MILES 

44 
MILES 

48 
MILES 

52 
MILES 

56 

MILES 

60 

MILES 

^  So  OOO 
600  ooo 
sso ooo 

1  033  OOO 
9S-4  OOO 
87 f  SOO 

/33OO0 

niooo 
9fooo 

/OJOM 

9SOOO 
eaooo 

93000 

sssoo 

79  200 

»4.5O0 
77  ffoo 
7ZO00 

77  J-flO 
7/ J-00 
^6000 

66000 
6/000 

66.500 
6/;;oo 
S/,Soo 

J7200 
52  800 

wrs"ooo 
53500 
49500 

SI  soo 
47  soo 
49000 

42700 
3  9  600 

42200 

38900 

35700 

330OO 

35700 
33000 

30  600 

28200 

fHH 

soo  ooo 
l-so  ooo 
400  ooo 

yts  OOO 

7  tsSOO 
<i3i,  OOO 

»2  200 
S'2a<x; 

«'9  7oo 

80  700 

7  9  700 
l'9t°0°0 

7/  800 
6  ♦.SOO 
,5  7  700 

iSSOO 
SS700 
S3  300 

S9S00 

S3SO0 

.5J-20<3 

SI  300 
462O0 
4/200 

47  800 
43000 
38400 

44  800 
40  300 
3  4  000 

39P00 
3  SSOO 
32OO0 

3S9ao 
32200 
28ifoo 

32  600 
2  9  300 

2  9«'00 

Zt9oo 

24000 

27600 
24S'oo 
Z3IOO 

25600 
23  /oo 

23900 

2/ 500 

■3SO  ooo 
300 ooo 
zso  ooo 

SSiy  SOO 
317  SOO 

7/SM 
6/300 

Sizoc 

&Z  8O0 
S3  4,00 
■ft  SOO 

SS800 
47  700 
3  9ffoo 

.50  200 

%MVo 

4.56O0 
39  OOO 
3  2  600 

4'Soc 
3  5  700 
Z9  900 

39700 
33000 
37  COO 

35800 
30600 
25600 

3  3  500 
28^00 
23900 

3/  400 
2  6  800 

27  900 
Z3S00 
/  9  900 

25/O0 
2/400 

2  2  800 

'/WVo 

30900 

17  SSO 

14900 

19300 

/tsoo 

/3SOO 

17900 
1  S300 
13  SOO 

/4  300 

//  900 

"Soo 

zi  1  too 

/<S7  77S 

.■33  oyf 

336-f20 
266SOO 
Z  1  1  9  SO 

43  2.00 
3-HOO 

37900 
30  100 

2  3  700 

33  700 

2  6  800 
2  1  lOO 

30  300 
24/00 

27  J-oo 

f^Tot 

3SZ4C 
30  100 
ISSOO 

23  300 
/SSOO 
/460O 

2/600 
/3  J-00 

;MH 

/89J-0 
/SOSO 
II  SSO 

/6SOO 
/3/400 

9500 

13700 
10900 
S6S0 

13  600 
7900 

9250 
7300 

/O  SOO 
6  750 

6  300 

°, 

/OS  SbO 
S3  iff 
66  3SS 

1  (,7  SOO 
/332O0 
lOS  S30 

ZI700 
I3S00 

I8900 

l*9oo 
II  SOO 

/6  SOO 
13  300 

//  900 

9470 

13  SOO 
lOSOO 
8  &00 

/260O 
9970 
7S-80 

9200 
7280 

/OSOC 
8  SSO 

7970 

94J0 
7450 
S900 

8  400 
i&SO 
S  3S0 

7550 
S90O 
4730 

6  900 
5400 
4300 

6300 
49SO 
3940 

SSSO 
4600 

5400 
4  270 
3  3  80 

SOSO 
3  980 
3  160 

3 

S3  6  2* 
33  OSS 

83  6-»o 
66  370 
SX  6  30 

Stoc 
6  7yo 

9400 
7  SOO 
S930 

S3S0 
i  6S0 
ir  270 

7.520 
6  OOO 
4  7J0 

6y30 
.5470 
4320 

6  2.50 

j-ooo 

39to 

-f  7S'0 
4620 
J  -.60 

S3k0 
4  300 
3400 

S  000 

3750 

4  /70 
3340 
2  630 

3  760 

3410 
2  160 

2  SOO 
1  980 

3  890 
23/0 
/  »30 

2  680 

2  SOO 

3  oao 
ISSO 

50   000   VOLTS    DELIVERED 

20 
MILES 

24 

MILES 

28 
MILES 

32 

MILES 

36 

MILES 

40 

MILES 

44 

MILES 

48 

MILES 

62 
MILES 

56 
MILES 

60 

MILES 

64 
MILES 

72 
MILES 

80 
MILES 

88 

MILES 

96 
MILES 

104 
MILES 

1     *^oooo 
600  ooo 
sso  ooo 

/  O33  0O0 
fS-^OOO 
87-tSOO 

/03O00 

92  JOO 
8SS0C 

f&ooo 
79  200 
73  SOO 

7J-000 
*?200 
64  200 

ii,i,Soo 
6/.500 
i7ooo 

to  000 
sssoo 

S4SOO 
SO  300 
-moo 

5-0  200 
46200 
4-2  800 

44200 
4  2  500 
39500 

Sl&oo 
36700 

40000 
37000 

J430O 

37  SOO 

34iOO 
33/00 

33400 
30  700 

2  8  500 

30000 
27700 

2  5  600 

27400 
25/00 

2  3  300 

25/00 

23/00 
2/400 

/9700 

.TOO  ooo 
4SO  ooo 

79SOOO 
7/SSOO 
636000 

93  See 
83  800 

77200 
S9SOO 
6l  Soo 

6  6  200 
S9  900 
S3aac 

Ills! 

s/soo 

■ft  SOO 
4/200 

4  6  400 
4/  800 

■^3  300 
38000 
33  700 

3|  700 
30900 

3S&O0 
33300 

38  SOO 

33/00 
29900 

30900 
Z7  900 

24700 

WVol 

Z3300 

25700 
2  3  200 

23  200 
20900 
18  Soo 

2//00 
/9000 
It  900 

/9300 
/5400 

(7800 

3SO  ooo 
X so  ooo 

SSd  SOO 
-f77000 
397  J-OO 

&4too 
SS3oe 
9^300 

S3  SOO 
3S(,oo 

^^  loo 
3  9  SOO 
33IOO 

■*o^oo 
3-1  600 
2^900 

3^900 
JO7O0 

32  300 

33/00 

39300 
ZS  100 
2  /  000 

26900 
23000 
I9  300 

24  800 
2/300 
17  Soo 

2  3  100 

/tsoo 

2/500 
I840O 

'/4Soi 

/7900 
/.5400 
13900 

/3  800 

/4700 
/3600 

/3400 
//500 
9640 

/2400 

/0600 

8  9ao 

"r 

2/ / too 
/67  772 
/3307f 

336-f  20 
266g'0O 
3  /'  9S0 

39  ICO 
31  100 
2  9  SOO 

3a  SOO 
ZS9O0 

Zo  90O 

2  7  9O0 
Z2200 
17  SOO 

24  40O 
/  J300 

2/700 
/730O 
/36O0 

/9SOO 
/SSOO 

17  SOO 
M  lOa 

76200 
/3O00 

IS  000 
II  900 
9430 

/390O 
//  /OO 
8  7SO 

13000 
/0400 
8  /70 

/ZZOO 
9  72  0 

/o  800 

8  640 
68/0 

9  760 
7770 
6/30 

8  8  80 

7070 

SS70 

8  140 
6  480 
SlOO 

75/0 

5980 

47/0 

2 

yOSSkO 
S3  tft 
(,b3Se 

/67ffO0 
/33220 
/0SS30 

19  SOO 

/j--»oo 

/b30C 
iz  900 

I3900 
87SI 

/2200 
9  640 

/0  800 
8i-70 
68/0 

97*0 
«/30 

SS80 
SS70 

s  110 

^430 

s;oo 

7J-/0 
5930 
47/0 

i970 
SS/0 
■9  370 

6  5/0 

s  140 

■9080 

4822 
3833 

5-420 
4290 
3400 

4  880 
3860 
3O60 

4440 
3SI0 
3  7  80 

4070 
3ZIC 
ZSSO 

3  76« 

2970 
2  350 

3 

J2  6  2-f 
■^1  738 
33  0B» 

93i,-f-0 
6  6  370 
sr2  630 

9*9o 

SO70 
t-tSC 

size 

i9ZO 
Si30 
■9390 

-♦»40 
3»40 

.r38o 

4  300 

4  840 
3  870 
3070 

•*'i-oo 
3S30 
3  790 

4040 

3220 
2  560 

3  730 
2  980 
2360 

3460 
3  760 
3190 

3330 
ZS80 
ZOSO 

3030 
2420 
/  9Za 

2  690 
2  /50 

2420 
/  930 
/530 

2200 
1  760 
/400 

2020 
1380 

/  860 
/490 
//80 

60  000   VOLTS    DELIVERED 

20 

MILES 

24 
MILES 

28 

MILES 

32 
MILES 

36 

MILES 

40 
MILES 

44 

MILES 

48 
MILES 

52 

MILES 

56 
MILES 

60 

MILES 

64 

MILES 

72 
MILES 

80 

MILES 

88 
MILES 

96 

MILES 

104 

MILES 

t>SO  OOO 

&oa ooo 
SSO  aoo 

/O33OO0 
tS'}Oao 
S71SOO 

'istcit 

/♦♦ooo 

/33000 
/23000 

J24000 
//•f  000 
/0600O 

/O8  00O 
99SO0 
9ZSO0 

ytooo 
S8J00 
82  200 

7f6o5 

74000 

7880O 
72J-00 
67300 

73300 

AiSOO 
6/800 

6  a- Soo 
6/300 

S7000 

6/  Soo 
S7000 
S3800 

S7  700 
S3ZOO 
49900 

5-tooo 

49700 

4620O 

48000 

44300 

41 100 

4  3  300 
39  SOO 
37000 

31400 
36200 
3  3  600 

3  6/0<7 
33200 
30900 

33200 
30700 
28500 

Soo  ooo 
i).so  ooo 
-foo  ooo 

79SOOO 

I3300C 

/oo  ooo 
8  9  ooo 

9.JOOO 

SS70C 
7*300 

83i^oo 
7J200 
6  6  7<70 

74  ooo 
6  6  700 
J-9  3O0 

tttoa 

AOOOO 
S3  too 

6  0  4-00 
.54700 
■98SOO 

SSSOO 
SO  200 
44.500 

5/200 

46300 
4/  /oo 

A7S00 
■43  800 
3S/00 

44400 
4-0  000 
356O0 

37600 
3  3  400 

37000 
33300 
39  700 

33  300 
30000 

302OO 
27300 
24  200 

2  7  700 

25600 
23/00 
3  0  Soo 

3SO ooo 

3oa  ooo 

ZSOOOO 

J  .56  ^00 
477  OOO 
3  97  JOO 

93000 
79too 
it700 

77SO0 
66300 
SSSOC 

ti -too 

SL900 
-t7too 

SS  /oo 
■^9  800 

.5/  700 
44  200 
37O0O 

■4(^S00 
3  9  SOO 
333O0 

■9Z30O 
36200 
30  300 

3S700 
33/00 
ZTSOO 

3  SSOO 
30600 
ZS60O 

2  8400 
2  3  800 

3/000 
26500 
22200 

29/00 
24900 
20800 

3  SSOO 
IS  SOO 

232O0 
19900 

Zl  100 

/'J400 
/6  600 
/3  9O0 

n  900 

IS3O0 
IZSOO 

°°°° 

2/  /  dOO 
/67  772 
/J3079 

J36-f20 

ztiaoo 

XII  9SO 

SiZOO 

■ttaoc 

3  6  300 

■0,900 
37300 

29->oo 

40  2OO 
3  2  000 
2i200 

3SIOO 
ZSOOO 
2  2  OOO 

31  ZOO 
24  800 
19  600 

Z8/0O 
2  2400 

2  SSOO 

ZO  300 

2  3  400 
/  8600 
14700 

2/60O 
I7300 

20/00 
76000 
/260O 

IS  700 
I490C 

171,00 
14000 

IS  too 

13400 
9  800 

//  200 
8  820 

13  Soo 
/0  300 
S030 

II  700 

9  330 

7  350 

10  800 
9610 
6  790 

a 

/assio 

»3*9-» 
tt3Sf 

/67  Soo 
/33220 

28/00 
3  2  200 
/7600 

2  3-400 
ISSOO 
/♦700 

Zo  loo 
IS  SOO 

/7  60O 
/3  900 

/SiOO 
13  300 
9  800 

S830 

/zsoo 
'  ro2o 

II  700 
9260 

735-0 

/OSOO 

esse 
i79a 

'liil 

•?370 
5  880 

9790 
6940 
55/0 

7  8/0 
6/70 
4900 

7030 
SSSO 
44/0 

6  390 
SOSO 
40  JO 

5-860 
4630 
3  670 

S4IO 
4270 
J3fO 

3 

S2.624 
41  738 

83  t-io 
H370 

/3900 

//600 
9310 

9  97C 
7  9  to 

8  720 
6  970 

7  7SO 
&I90 

i9So 
J.r70 

6  340 
dO70 

S8IO 
4640 

S370 
4290 

■9  980 
3  980 

4  6io 
37/0 

4360 
34  80 

3  880 
3/00 

3490 
3790 

3  /70 
J  530 

29IO 
2  330 

2  680 

The  loH.s  due  to  coroni 

above   sea  level,    check  the  vi 

charging  current    (also  coronr 
factor.     See  Fig.   13 


will  not  be  excessive  with  any  of  the  abnve  conductors  used  at  sea  level  for  the  voltases  stated.  For  elevations 
lues  with  Table  XXII,  especially  for  the  smaller  conductors.  On  long  circuits  of  high  voltage,  the  effect  of 
and  leakage  losses)    will  bo  to   increase  or  decrease  the  I'R  loss,  depending  on  the  amount  of  load  and  its  power- 
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TABLE  XIX    QUICK   ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS   FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    |2r  LOSS  (EFFECT  OF  CHARGING  CURRENT 
NEGLECTED)                                                                                                        ^^26-C            AT6B-C 
FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10  0%  LOSS 

d 
z 
CO 

m 

COPPER 

AR£A 

ALUMINUM 

FOR  LOAD  POWER-FACTOR  OF   80%-l0.8%  LOSS-  12.5     LOSS 

66  000   VOLTS    DELIVERED 

20 

MILES 

24 
MILES 

28 
MILES 

32 
MILES 

36 
MILES 

40 
MILES 

44 
MILES 

48 

MILES 

52 
MILES 

56 
MILES 

60 
MILES 

64 
MILES 

72 
MILES 

80 

MILES 

88 
MILES 

96 
MILES 

104 
MILES 

sso  OOO 

•fS4   OOO 

S74   soo 

I93000 
,7SOOO 

;j8SS2 

ISO  000 

127000 

/3IOOO 
120  000 
II 1 000 

99000 

96Z0O 
89200 

9S300 
3  7  SOO 
81  OOO 

87S00 
80200 

so  soo 
74  zoo 

6S700 

7J-000 
68  Soo 
63  800 

69  900 
S9  SOO 

6Ssac 
6000a 

SSSOO 

.5SOOO  J5-2 .5-oa|  4 7 600  4370c 

3-3  >roo  48/ 00    43  700    40/00 
4*  J^OO  4460o|4ojroo    37/00 

40400 
37/00 

J4  300 

460    OOO 

7/  S  soo 
63hcao 

I4SOO0 

/J+OOO 

//SOOO 
9Z700 

'%{%% 

89  soo 
so  700 

80  SOO 
6SOOO 

73  300 
66  000 
S900  0 

60  Sao 

S4  000 

S600C 

S76oa 

SI  800 

jr3  7oo 

4S  SOO 

43300 

sosoc 

4SS00 

40  soo 

4  4  700 
4o3oo 
3*000 

40200 

36300 
32  Joe 

3  6  60c 
33  DOC 

3  3  soo 
Z7  000 

3/000 

28000 

3SO   OOO 
300   OOO 
iJ-o  OOO 

SSi,  soo 
477  OOO 
311  SOO 

/  /3O00 
9i,oao 

94000 
80000 

BO  Soo 
&«700 

70  Soo 
60000 
so  soo 

62S00 
S3  soo 

S6Sao 

SI  SOO 
4370a 

47Z0O 

3360a 

4  3SOO 
37000 

34  300 
zsgoa 

3  7  700 
2  6  900 

3SZ0C  3/200 
30  000  26  700 
ZS20a  ZZ300 

2820C 
24000 
Zaioo 

23-700 
2/  Soo 
/8300 

23600 
/t  800 

/SSOO 

oooo 

Zl  /  ioo 
/&7  772 
/33  079 

33h 420 
2(,(,    S-OO 
Z  1  1    fSO 

S4O00 
4  2  SOO 

4  5  000 
3SS00 

4  8  700 

38.500 

30400 

42Soa 
32900 

37700 
23700 

34-000 
27/00 

31000 
Z46oa 

/930a 

ZS3ao 
22  soo 

24/00 
2o»oo 
/6300 

24300 
19  300 

/S/OO 

21  20a 
I6900 
/3  300 

/8Soa 

/SOOO 
//  soo 

/3SOO 

/a  600 

/ssoa 

/2300 
9  6S0 

SSSO 

13000 
70  400 
S  /SO 

2 

/OS  Sho 
•S3  t,14 
it,  3Se 

/  i7  SOO 
/33  20.0 
/oss3a 

fB 

2  2  SOO 
178OO 

/930O 
/SZOO 

21  300 
/6  SOO 
/330O 

/a  900 

/SOOO 

//  soo 

'/oioo 

/ssao 

//zoo 
8  900 

/  0400 
8200 

9&00 

8  9  00 

/0600 
S400 
&6SO 

9  4SO 
7SOO 
S9ao 

a  soo 

6  7S0 
S3O0 

i/oa 
4  SSO 

7/00 
S6ao 

6  SSO 
SZOO 
■4100 

3 

4 

SZ(,24 
4  1   738 

S3   640 
*«  370 

'/tsTo 

14000 

9  600 

840O 

9300 

7Soa 

6^00 

S600 

64ao 
SZOO 

6000 
4  Saa 

i%%°a 

S2SO 

4210 

4  670 
3  7S0 

42001  3  azo 

337J-1     3070 

3  soo 
zs/o 

3  240 
2  600 

70   000   VOLTS    DELIVERED 

36 
MILES 

40 

MILES 

44 
MILES 

48 
MILES 

52 
MILES 

56 
MILES 

60 
MILES 

64 
MILES 

72 
MILES 

80 
MILES 

88 
MILES 

96 
MILES 

104 
MILES 

112 

MILES 

120 
MILES 

128 
MILES 

144 

MILES 

<^50  OOO 
£>oo  OOO 

ssoooo 

•9S4    OOO 

TilB 

/ogooo 

/OOOOO 

/aiaoo 

9SSO0 

•9/  200 

99000 
-90  soo 

S3  soo 

90600 

S3  soo 
77  SOO 

94000 
77  sop 

7  8&00 
72300 
67  000 

73^-00 
6,7700 

&2&ao 

<iSSOO 

6,0300 
ssaao 

^^ooo 
J-4OO0 
^5-0  000 

-5-3  5-00 
49200 
4S600 

49000 

4.S200 

41  700 

4S300 
41  700 

37700 

42000 

37700 
3S800 

39300(36700 
3<S/O0   33800 
332oa|3/300 

32  700 
27  90a 

J-OO   OOO 
4SO    OOO 

79S  ooa 
7/S  soo 
&3i   ooa 

90800 

so  goo 

90  soo 

72  700 

82  saa 
74200 
66/00 

7SS00 
6SOOO 
60600 

,1,9800 
6ZSOO 
SS900 

64800 
SSSOO 
SI  900 

6  0  SOO 
S4SO0 
4S400 

S6700 

s/ooa 

-JJ--JOO 

so  soo 

4SSOO 

40400 

4S20O 
41  800 
36  300 

41  200 
37/00 
33000 

3  7  700 
J4000 

iiroS 

.2^000 

3  2400 
29  ZOO 
2S9O0 

3O200 
272O0 

2  8  300 

2 .5 -TOO 

22  700 

ZS2ao 

22700 
20  zoo 

300    OOO 
ZSO  OOO 

S-S6  Sao 
397  SOO 

70300 
60200 

S0400 

63300 

^4200 

453O0 

S7SO0 

49200 
4/200 

SZ700 
4S  /oo 
37  SOO 

48  700 

34900 

4SZOO 
38700 
32400 

42200 
36  /oo 
30200 

39Saa 

3390a 

JSIOO 
30  100 
ZSZoa 

31600 
0.7  100 
22700 

Z'geoo 
24  6aa 
20  600 

26400 
2S600 
ls9ao 

24  300 

zo  800 
/7400 

Z2&00 
/9  300 
7*200 

2/  /oo 
/80OO 

/s/oa 

/9  700 
/6900 
/4  Zoo 

/SOOO 
/2600 

Vo 

21/  iOO 
/i,777Z 
/33079 

33(,  420 

Zi,&  eoo 

311    9SO 

42  SOO 
33  S-OO 

;i67oo 

33300 
24000 

34S00 
27700 
21  800 

31  900 
2S400 

zooao 

29400 
23400 

I8400 

^7300 
21  TOO 

ZSSOO 
20  300 

23900 

/9  000 
/SOOO 

ZIZOO 
76  900 
/3  300 

/9  /ao 

/S200 

/z  000 

/7400 

IS900 

/2700 

/4  700 
'?Z4o 

/3iOO 
/0900 
8  SSO 

/  Z600 

SOOO 

//  900 

9SZO 

7SO0 

/0600 
8460 
6670 

Z 

S3  ^9f 
64  3Sg 

/t,7  Sao 
/33  320 
/o^  .!r30 

2l  200 
/  bSOO 
/330O 

/9  /oo 
/S  /oo 

/74ao 
/37a  a 
/o  900 

/S9O0 

/  /  600 
9240 

/3iOO 
/ogoo 
SSSO 

/Z700 
SOOO 

/zooa 

9  4SO 

/060O 
S4O0 

9S70 
7S60 

8  700 
6  8  70 
S460 

7970 

6  300 
SOOO 

7360 

sszo 
4  62a 

6  830 
S4ao 
4  290 

6  3  so 
S040 

4720 

3  7J-0 

-5-3/0 
4200 
3330 

S3  640 

/OSOO 

9  soo 

S630 

792a 

7300 

6  7»Q 

6330 

S900 

^•270 

Also 

4320 

3960 

3670 

3  390 

3  /6a 

2  970 

2  640 

80   000    VOLTS    DELIVERED 

36 
MILES 

40 
MILES 

44 
MILES 

48 
MILES 

52 
MILES 

56 
MILES 

60 

MILES 

64 
MILES 

72 
MILES 

80 
MILES 

88 
MILES 

96 
MILES 

104 
MILES 

112 

MILES 

120 
MILES 

128 
MILES 

144 

MILES 

&SO  oaa 

&00 OOO 

sso ooa 

QS4  00  0 
8  74  SO  o 

/7/000 
/4&000 

/S4OO0 
142000 

IZSOOO 

/zsooo 

//SOOO 

/  i&oao 
/0900Q 

WiSo 

94S00 
87iOO 

S8~5O0 
82000 

essoo 

73S00 

6SSoa 

64000 
S9S00 

&4000 
Sfooo 

SSOOO 

S9  000 

S4-50O 
SO  soo 

SSOOO 

so  soo 

46800 

SI  000 

47700 
43  800 

48000 
44200 

39200 

36400 

soo  ooa 
4 so  ooa 

-)00  OOO 

79Soao 
7i  SSOO 
&3& OOO 

fosx>o 

/ 19000 
94  900 

/osooo 

97000 
863aa 

990CO 

88  soo 
7  9  /oo 

9/S00 
szooo 
73000 

8J000 
7^200 
67  soo 

79000 
6  3  300 

74200 
66700 
S9300 

6  6000 
S9ZOO 

S9SOO 
S3  soo 
47400 

S4  000 

4&S00 

47S00 
39  SOO 

3  6  Soo 

3390a 

393^00 

3SSoa 
31  600 

37/00 
33300 
29  600 

33000 
26300 

3SO OOO 

3ao  OOO 

SS6  >roo 

397SOO 

91  SOO 
7S&0O 

i^saoa 

82600 
70  SOO 

S92aa 

7S/00 
J-3  800 

&S90C 
S9aoo 
49400 

6  3  600 
S4  400 

4S60O 

S9OO0 

so  SOO 
42  300 

SSI  00 
■97Zao 
3  9  SOO 

370?? 

4S900 
393aa 
32900 

41  300 
3  540a 

37SOO 

269oa 

3440O 
29  SOO 
24700 

31  Soo 
27200 
2  2  BOO 

29  soo 
ZS3ao 
21  100 

2  7  3-00 
2  3i,0a 

/970a 

20  saa 
/  SSOO 

2  2  900 
/9  600 

/640a 

°°° 

2  :  ,  ^oo 
/33  o't! 

33i,42a 
Zib  saa 

ss  soo 
44200 

34  800 

so  000 
3  9  Soo 

ZSSOO 

41  700 

33100 

33400 
30600 
24  100 

J.J730 

zS4ao 
22400 

3  3  300 
Z6  SOO 
.?o  900 

31  ZOO 
24SOO 

27*00 
22/00 

ZSOOO 
19  900 
/S60O 

/41O0 

2a  800 
/6  600 
/3  /OO 

/9  zoo 

/S3oa 

/7  soo 

14  zoo 
//zoo 

/3200 
70400 

'/2  400 
9  SOO 

/3  9O0 
'  S700 

° 

/OS  S&o 
S3  &94 

't,7  goo 
/ 33 2ZO 
.  o  ^  „-  3  0 

27  soo 

21  900 

2  SOOO 

22700 

/  7  900 

Z0800 

/I  ZOO 

/SZOO 

/  7  800 
/4  :  00 

/6  70a 
/'o4oS 

/S600 

9  SOO 

/3900 

/  0  9oa 

/2SOO 

9  SSO 

7  840 

//  300 

S9?o 

7/30 

70400 
S230 
6S30 

96IO 
7  600 
6  030 

8930 
70S0 
S60O 

S330 
6  SSO 
S230 

7  S/O 

6  /7a 
4900 

6  940 
S490 
4360 

88  000   VOLTS    DELIVERED 

36 
MILES 

40 
MILES 

44 
MILES 

48 
MILES 

62 
MILES 

56 
MILES 

60 
MILES 

64 
MILES 

72 
MILES 

80 

MILES 

88 
MILES 

96 

MILES 

104 
MILES 

112 
MILES 

120 

MILES 

128 
MILES 

144 
MILES 

iSO  OOO 
SSO  OOO 

<?0--f    OOO 

87-»  ,5-00 

207000 

/gAOOO 
'/S9000 

,S600l> 

/ssoao 

/3Z000 

'SzoM 

133000 

iME 

116000 

99  soo 

/O3O0O 
9SSOO 
88  ZOO 

93000 
8SS00 

79S00 

84  soo 

I'foVo 

7/^-00 

66  000 

66  SOO 
6/000 
S6SOO 

S300O 

SSOOO 
S3  soo 

SI  soo 
47700 

^00  OOO 
4S0  OOO 

7f^OOO 
7  iS  SOO 

&36  ooa 

/S9000 

/43000 
IISOOO 

13/000 

/zoooo 

707000 
96VOO 

"9'9'ooo 
8S700 

92  000 
82  soo 

9  6  000 
S60O0 
76  SOO 

90  ooa 
sa&oo 

72000 

80  000 

7/SOO 

7/ SOO 
64  SOO 
S7SO0 

6  ssao 
sssoa 

0-3500 

SSSOO 
4  9  SOO 
44300 

SI  000 
46000 

4SOOO 
43000 
38400 

4SOOO 
40  300 
36  000 

40000 
33700 

3SO OOO 
300   OOO 

SSiSOO 
^77  000 
397SOO 

9S000 

TfB 

91200 
7S-000 

S3  SOO 
7/SOO 

S9Soa 

66000 

6/200 

S/ooa 

S7200 
47800 

62700 

-S3  600 
-»4  SOO 

ss%ao 

39  soo 

SOOOO 
3S  700 

4S6oa 

39000 
3zsoa 

41  7SO 
3S700 
29900 

38600 
33000 
2  7J-00 

3SSoa 
3a6oo 
2SSOO 

3  3  SOO 
2S600 
23900 

31  300 
2i800 
2  2400 

27900 
z3Soa 
/9  9ao 

"ooo 

/  i,7  77Z 
■33  0  79 

33^420 
2&& 800 
z  /  /  9SO 

67ZOO 
S3  Soo 

Xlioi 

SSO  00 
4  3  Boo 
341.00 

so  SOO 

46200 
Z93r>0 

4  3  zoo 

34400 

•40300 
32  200 
ZS400 

37  800 
30200 

Z6S00 

3  0200 

27Soa 
21900 

ZS  ZOO 

/seoo 

2  3  200 
/8  J-oo 

/7200 
/3  600 

20/00 

/8  9O0 
/S/OO 
/  /  900 

/bSoa 
/0600 

° 

'  OSS^O 
83  i'>4 

/  i,7  800 
/ 33  220 
/OS  S3a 

3370a 

30  300 
Z39O0 

Z76O0 

XI  700 

2S300 

1990a 

/seoa 

23300 
/S300 

21  voo 

/s  90a 

'2  600 

/9000 
/l900 

/6S00 

/S  /OO 
II  900 

/3800 

/ossa 

/z  600 

9900 
7900 

II  6oa 
9/00 
7300 

/0  800 
Ssoa 
6  700 

7  900 
6  300 

9  SOO 
7400 
S900 

S400 
6  too 
SZOO 

The  loss  due  to  corona  will  not  be  excessive  with  any  of  the  above  conductors  used  at  sea  level  for  the  voltages  stated.  For  elevations 
above  sea  level,  check  the  values  with  Table  XXII,  especially  for  the  smaller  conductors.  On  long  circuits  of  high  voltage,  the  effect  of 
charging  current  (also  corona  and  leakage  losses)  will  be  to  increase  or  decrease  the  IR  loss,  depending  on  the  amount  of  load  and  its  power- 
factor.      See  Fig.    13 
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TABLE  XX    QUICK  ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS   FOR  THE  DISTANCES  STATED.  BASED  UPON  THE  FOLLOWING    i2r  LOSS  (EFFECT  OF  CHARGING  CURRENT 

'^^°^^°^^°'                                                                                                        AT25-C            AT65-C 
FOR  LOAD  POWER-FACTOR  OF  IOOya-8.66%  LOSS-  10  0%  LOSS 
FOR  LOAD  POWER-FACTOR  OF   80%- 10.8%  LOSS-  12.5     LOSS 

6 

z 

CO 

m 

COPPER 

CIROUL&P 

ALUMINUM 

100  000   VOLTS    DELIVERED 

52 
MILES 

66 
MILES 

60 
MILES 

64 
MILES 

72 
MILES 

80 
MILES 

88 
MILES 

96 
MILES 

104 
MILES 

112 

MILES 

120 
MILES 

128 
MILES 

144 
MILES 

160 
MILES 

176 
MILES 

192 
MILES 

208 
MILES 

6So  ooo 

too  ooo 
SSO ooo 

/033  000 
9Sf  000 
8  7-f  soo 

IBS  000 

/S8000 

I7ZOO0 

/Sfooo 

/*oooo 

14s  000 

ISO  000 

/3SO00 
/2»000 

.■3  3  00<^ 

/30000 
1 10000 

109000 

93  soo 

9ZSOO 
SSSOO 

92  soo 
8SSOO 
79000 

S6000 

79000 

73JOO 

80000 
74000 
6SS00 

7,fooo 
69000 
64  000 

66  soo 
61  SOO 
S7000 

SSOOO 
SISOO 

.r4.5oo 
.J0.J00 

->i700 

J-0000 

46200 
43  TOO 

46  200 
41700 
39SOO 

soo  ooo 
ASO  ooo 

7VS  ooo 

71s  soo 

636 000 

1*3000 

IZ9OO0 

/33000 

i/looa 

IO6OO0 

98  900 

1/6000 
104000 
93700 

f  3000 
S3  400 

93000 

S3JOO 
74  3  00 

84  soo 
7  6  000 
67400 

77  soo 
69SOO 
6  1800 

7/SOO 
64200 
S7  000 

6  6  000 
S9SOO 
S3  000 

SSSOO 

49400 

SSOOO 
S20O0 
46300 

SI  SOO 
46>S00 
4IZOO 

4  6S00 
4  1  TOO 
37100 

-?2300 
3»ooo 

3370a 

3ST0O 
3  4  700 
30900 

3S  TOO 
33/00 
3  SSoo 

■3S0  OOO 
300    OOO 
2  JO  OOO 

SS6  SOO 
■477  000 
397  SOO 

l9'^oo 
ss  100 

71  zoo 

9Z  300 

iiroi 

S6IOO 

73700 
61  700 

So  700 
69IOO 
S7S00 

7/  800 
61  400 

SI  400 

64  600 
SS300 
46300 

S8  7O0 
SO  300 
4Z  1  00 

S3  800 
3SA00 

49  700 
4ZSO0 
3S60O 

3  9  SOO 
3  3  000 

43000 

3  6  800 
30800 

40300 
3  4  SOO 
28900 

3S900 
30  700 
2S100 

32  300 
Z1600 
33/00 

39300 

ZSIOO 

3/000 

26900 
Z3  000 
19300 

Z4800 
Zl  ZOO 
IT  SOO 

'{'! 

211  too 

Ibl    772 
/33   OT> 

336  -?20 
266  800 
2  //    9S0 

47SO0 
37  700 

3SOOO 

SZIOO 
4/400 
3  2  TOO 

48BO0 
3  8  SOO 
30  600 

43400 
34  SOO 
27ZOO 

39000 
3  1  100 
24  SOO 

3SS0O 

zgzoo 

2  2  300 

33  SOO 

iiVo% 

30000 
23900 
19900 

37900 
/  7  Soo 

2  6OO0 
20700 
IS  300 

24400 
9400 

'S  300 

Zl  TOO 
IT  ZOO 
/J  600 

19  SOO 
IS  SOO 

ilJoo 

16  300 
/3  900 

/O3O0 

/SOOO 
II  900 
9400 

° 

/OS  Sio 

167  eoo 

132  ZZO 
/0SS3O 

30000 
Z3700 

/esoo 

Z7900 

2ZOO0 

zoioo 

/  6300 

Z4400 
19300 
IS300 

Zl  700 

/3bOO 

I9SOO 
IS400 

'/tfoi 

.'4>300 

!  X  900 

'11900 
9400 

13900 
8  700 

ezoo 

9600 
7  600 

/O8OO 
S600 
6  SOO 

9  800 
7  700 
6/00 

S900 

7000 

J- 600 

8IOO 
6  400 
S  100 

7  SOO 
S9O0 
47O0 

110   000   VOLTS    DELIVERED 

52 
MILES 

66 
MILES 

60 
MILES 

64 
MILES 

72 
MILES 

80 

MILES 

88 
MILES 

96 
MILES 

104 

MILES 

112 
MILES 

120 
MILES 

128 
MILES 

144 
MILES 

160 
MILES 

176 
MILES 

192 
MILES 

208 
MILES 

^SO OOO 
Aoo  OOO 

SSO ooo 

1  033  000 
ISA  000 
8  7-*  SOO 

334000 
30^000 

191000 

309000 
/77O00 

194000 
nsaoo 

ISZOOO 

lezooo 

I4SO00 
/3«000 

/4*000 
/34O00 

/3400c 

/33000 
/23000 

//3000 

/O3000 

/0  3  000 
9SSO0 

9J.S'oo 
iVSoo 

97000 
S9000 
83  500 

•9 1000 

83S00 
77  SOO 

74000 

69O00 

6  7  000 
6  3  000 

66S00 
6/000 
S6S00 

60  soo 

SSSOO 
it  soo 

J-6000 
s/soo 

-♦7  700 

,SOO  OOO 
-ti-O  000 

-♦OO  ooo 

79S  000 

7/S  SOO 
636  oaa 

173000 
/S6O00 
/39000 

129000 

/soooo 
/3400a 

1Z6OC0 

1  IZOOO 

IZSOOO 
IIZOOO 

99700 

//3OO0 
8  9  70O 

'91 600 
8I600 

9  3  SOO 
S4O00 
74S-00 

S'iooo 
77600 
6  9  000 

90000 
73000 
64  100 

S9800 

7oaoo 
63000 
S&IOO 

6  3^00 
6  6  000 
49800 

J-6  000 
So  SOO 
44900 

SIOOO 
4S800 
40  800 

4  6  700 
-f3000 
37-»00 

-f3ooo 
3  SSOO 

3  4  SOO 

■3SO  ooo 

300  ooo 
zso  ooo 

SS6  Soo 
3  97  soo 

iloooo 

/03000 
S6IOO 

9S^oo 
soooo 

IC4000 

g9zoo 

97700 

S3  600 

SbSoo 

78IOO 
66fO0 
S6  000 

60  800 
SO&OO 

6S/00 
SS700 
466O0 

60/00 
SISOO 
43100 

SS800 
4  7  fi*00 

SZ/00 
44600 

37300 

4  8  Sao 
41  soo 
3SOOO 

43400 
3T2IO 
31  100 

39100 
33400 
Z8000 

SSSOO 
30400 
1S300 

3 2  Soo 

3  7'?t'0 

3  3  J  J^i 

30  000 
2S  TOO 
Zl  SOO 

ooo 

Zl  /  600 
/(,7772 
/33  a7f 

336 4ZO 
Z66  SOO 

Z  1  1   9SO 

S7gOO 
-JJ600 

^7  soo 
S3  700 

so  100 
39S0O 

S9  lao 
41000 
37000 

SZSOO 

41  soo 

32900 

47ZOO 
37*00 
29600 

42900 
34ZOO 
26900 

39400 
3  1300 
Z4  70O 

36300 
2  8  900 
2  2  800 

33  700 
2  6800 
21  100 

31  SOO 
ZSiao 
19800 

29Sao 
Z3S  JO 
/SSoo 

3  6  200 
Z0  900 
I6400 

3  3  600 

IS  Sao 
14  soo 

Zl  SCO 
/3SOO 

19  TOO 
IS600 
.1300 

li200 
14400, 
11400 

/67  900 
/33  220 

3i30il 
3  8  700 

33^00 
2  6  600 

31  soo 

29  soo 
Z3  30O 

36300 

nni 

2  J  400 

/SSOO 

IS  100 

1430a 

/6  900 
/330O 

'^40% 

14  700 

13129 
I0300 

'^iiS 

/O70O 
SSOO 

9  SOO 
7  800 

■t/oo 
TZao 

120   000    VOLTS    DELIVERED 

64 
MILES 

72 
MILES 

80 
MILES 

88 
MILES 

96 
MILES 

104 
MILES 

112 
MILES 

120 
MILES 

128 
MILES 

144 
MILES 

160 
MILES 

176 
MILES 

192 
MILES 

208 
MILES 

224 
MILES 

240 
MILES 

256 
MILES 

6  So  OOO 
600  OOO 

SSO  ooo 

/  033  000 
<?J-?   DOO 
8  7-?  .5-00 

a/6000 

/8-fooo 

I9ZOOC 

/bo  ooo 

"HOOO 

'S70Q0 
/34  00C 

144000 
/33000 

/23000 

/3300O 
/23000 
113000 

/O.i-000 

/06000 
98  soo 

10  Sooo 

100000 

92SO0 

96000 
■SSSoo 

S2000 

8  6  soo 

?oooo 

78SO0 
72  soo 
67000 

66.f00 

61  soo 

£6.500 

6/SoO 
S6SO0 

61  soo 
S7000 
SZSOO 

STSOO 
S3  OOO 

4.9200 

S4  000 
Soooo 

46200 

<soo  ooo 

4SO  ooo 

.400  000 

7^^000 
71  S  SOO 
636 000 

/soooo 

IA9000 

119000 

10700a 

109000 

91 100 

/OOOOO 
S9000 

9z  SOO 
82  100 

9SOOO 
86001 
76  300 

8900a 
Soooo 

7/300 

2  3  Soo 
66  700 

6  6  6-00 
.5-9300 

6  6  soo 

60000 

S3  400 

S4SO0 
48  SOO 

SSSOO 

soooo 
4  4  Sao 

Siooo 

4  6200 

47SO0 
4300a 
38IOO 

-il4J-0O 

40000 

3S60O 

41  TOO 

37  sod 

3330a 

JSO  000 

300  000 

ZSOOOO 

SS6  Sao 

-?77  000 
3"  7  soo 

99000 

g300C 

103000 

SSSOO 

74100 

93000 

79ioa 
6  6  700 

S4S0O 
7Z40O 
60t,O0 

7  7  soo 
66400 
SSSOO 

71  SOO 
SiZOO 

A640O 
S69O0 
47600 

6ZOOO 
S3IOO 

44400 

SS/OO 
49SOO 
4-1  600 

.5-/600 
44.200 
37000 

4  6  Soo 
3  9  800 
33300 

42200 
36  200 
30  300 

3  8  700 

33100 

Z7  700 

3S80O 
30600 
33-600 

33200 
2S40  0 
3  3  800 

31000 

26  soo 

29/00 
24  800 
20  800 

oooo 
ooo 

Zl ' too 

/67V7Z 

3364ZO 
Z66  800 
3.1  J  9  so 

S6  000 

62  soo 

j-izoa 

44  Soo 
3S3oa 

SI  100 

4070a 

46800 
31300 
37400 

43200 
J44O0 
37/00 

40  100 

mVo 

3  7SOO 
298O0 
Z3Soa 

3SIO0 
28000 
Z2  000 

31200 

^it%°o°o 

ZSIOO 
22  300 

moo 

ZSSOO 
2030O 
/6000 

Z34J0 
/8600 
14  700 

3./600 

13  SOO 

'/l'£i 

/S  TOO 

l49ao 

IT  SOO 

1 1  aoo 

3S 100 

3  tZOO 

zaioo 

ZS6oa 

33400 

Zl  (,00 

2a  too 

/8  700 

/7^00 

IS600 

/4000 

/3  700 

/o  soo 

/oooo 

SSoo 

132  000    VOLTS    DELIVERED 

64 
MILES 

72 
MILES 

80 
MILES 

88 
MILES 

96 
MILES 

104 
MILES 

112 

MILES^ 

120 
MILES 

128 
MILES 

144 
MILES 

160 
MILES 

176 
MILES 

192 
MILES 

208 
MILES 

224 
MILES 

240 
MILES 

^256 
MILES 

nSd  000 
600  000 
<S'SO  000 

1  033  000 

9S4  000 
S  74  SOO 

Z4  i  000 
323000 

333000 
ZlSOOO 
193000 

Zioooo 

/93000 
I78O00 

/  74  000 

/7.5-000 
I6IOOO 

149000 

161 000 
I4SOOO 
37000 

/soooo 

I38000 

izgooo 

/29000 
109000 

iUE 

/07000 
99000 

losooo 
9  6  soo 
89000 

9.S".5-00 
SSOOO 

a  1000 

87^00 
80  soo 

74  soo 

yo.s-00 
74000 

6  SSOO 

73-000 

69OO0 
64  000 

i4SOO 
S4SOO 

6  SSOO 
6  0S0C 

stcoc 

Sao  000 
■ZSOOOO 

79SOOO 
7/S  SOO 

30  3  000 

is:ooo 

179000 
/6I0O0 
144000 

161  000 
I4SOO0 
/Z900C 

/320O0 

1/8  000 

134000 

IZIOOO 

/  08000 

I24O00 
/OOOOO 

i/SOoo 

/04000 

/07000 
96  800 
86  soo 

loiooo 

90900 

89Soat 
80  SOO 
72  000 

80  Sao 

7ZS00 
64  Soo 

73  Soo 
66000 
S9000 

67000 
60S00 
S4Q00 

62  000 
S6OOO 
SOOOO 

STSOO 
S3  OOO 
46  300 

SSSOO 
48400 
43ZOO 

sscso 
4o.yoo 

3  so  000 

300  000 

ZSfi  000 

SS6SOO 
->77  000 
39  7  ^00 

140000 

120  000 

100000 

IZSOOO 
29300 

/IZOOO 
96000 
SO  SOO 

lozooo 

S7SOO 
7300  0 

93S0C 
80000 
67000 

86  SOO 
74000 

80  SOO 
6S700 
S7S0O 

7SOOC 
64  000 
S3700 

70  300 
60000 
SO  100 

62S0O 
S3  SOO 
44600 

S6eoo 

48000 
40300 

SI  000 
43700 
3  6  SOO 

467S0 
-fOOOO 
33S00 

43  ZOO 
37O00 

3 1000 

40200 
34300 
ZS700 

37  SOO 
3Z000 
Z6S00 

3S/00 

30000 
zs/00 

rolo 

■ill60O 

336-920 
;266  BOO 
Zl  1  9SO 

8SOOO 
61700 
S3  soo 

7SSOO 
60Z00 
47SOO 

igooo 

S4ZOO 
42  700 

61800 
49300 
3tg00 

S6700 
4SZOO 
3S600 

SZ3O0 
41  70  0 
32900 

4  8  SOO 
3S700 
30i<ic 

4S30O 
36100 
Ztioo 

43S00 
33900 
3  6  goo 

37700 
30100 
2  3700 

J4000 
ZllOO 
3/300 

Jo  900 
24  60O 
/9-400 

ZS30O 
32600 
17800 

Z6IOO 
3.0  800 
J  6  400 

34  ZOO 

/fJoo 

/.J300 

zztoo 
'/Vz'o'o 

21100 

/6900 

140   000   VOLTS    DELIVERED 

64 
MILES 

72 
MILES 

80 

MILES 

88 
MILES 

96 

IMILES 

104 

MILES 

112 

MILES 

120 

MILES 

128 

MILES 

144 

MILES 

160 
MILES 

178 
MILES 

192 
MILES 

208 
MILES 

224 
MILES 

240 
MILES 

266 
MILES 

6S0  000 

600  000 
SSO  000 

/  033  000 
9S4  000 
6  74  SOO 

I9JOOO 

373000 
3.5/000 

343000 
323000 

23*000 

30/000 

3/iOOO 
197000 
I8ZOOO 

/•?*ooo 

/»;0OO 
/6 7000 

/67O0O 

168000 
IS6000 
J43000 

13 1000 

/36000 

131000 

IISOOO 

/oSooo 

/OOOOO 

107000 

9  SSOO 
'T/ooo 

9  8000 
9asao 
S3  soo 

9o.foj 
8  3 -soo 
77  SOO 

S+000 

7  8000 
TISOC 

TSSOO 
TZSOO 
6TOOO 

73J0  0 
68000 
6  3  000 

soo  000 
■tSO  000 

■400  000 

79S  000 
71s  SOO 
<6  3  6  000 

303000 

/y/ooc 

'i;E 

IFIOOO 

l6SOOt 

/iffooc 

isi  000 

I3SOOO 

/40  00<: 
IZSOOO 
//3  000 

130  000 
,04000 

/  08  000 

96900 

90  SOO 

90400 
so  poo 

90700 
81400 

81  soo 

74000 

66I0O 

7S600 
67  800 
60  600 

69  800 
63  600 
SS900 

6  4  800 
SSIOO 

to  JOO 
J-4300 
4«4O0 

^5-4700 
^-offoo 

-f.5400 

SSO  000 

300  000 

zso  000 

SS6SOO 
-477  000 
397^00 

ISfOOC 

io^ooo 

IZ7000 

/osooo 
9070a 

iisoao 
9  8SOC 
8ZSOO 

/OS  000 
90300 
7S6O0 

•f7400 
83  400 

69800 

90400 
77400 
64800 

84  400 
60  SOO 

7910a 
67700 
S67ao 

70  3O0 
<0  300 
SO  400 

63J0O 
S4ZOO 
4S400 

S7SO0 
49300 
41  300 

SZ70O 
4S/00 
37  800 

49700 
41  TOO 

34900 

■».S-20C 

jy7oo 

4I3O0 

3  6  100 
J0300 

39iO  ' 
33  too 
ZSSOO 

OOOO 

Zii  too 

3364ZO 
Z66  SOO 
Z  1  1   9SO 

7i300 
40000 

SSOOO 
67  700 

Tiioo 
4900O 

69600 
SS400 
•43  700 

63SOO 
SO  ion 
40  00C 

S8900 
4  69 00 
3  69CO 

S4700 
4  3  SOO 
34300 

s/oee 
40  600 

J3  000 

4  7800 
38IOO 

43  SOO 
33  800 

3  6700 

3y30C 
30S00 
24000 

34SOO 
ZlSOO 

31  900 
ZS4oa 
Zoooo 

Z940O 
334CO 
fSSOO 

37300 
ZlSOO 

ZSSOO 
Z0  300 
/60OO 

Z390C 
/9000 

The  loss  due  lo  corona  will  not  he  excessive  with  any  of  the  above  conductors  used  at  sea  level  for  the  voltases  .stated.  Fur  elevation 
above  sea  level,  check  the  values  with  Table  XXII.  especially  for  the  smaller  conductors.  On  long  circuits  of  high  voltage,  the  effect  o 
charging  current  (also  corona  and  Ic.ikage  losses)  will  be  to  increase  or  decrease  the  Pit  loss,  depending  on  the  amount  of  load  and  its  power 
factor.     Se»  Pig.   13 
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HEATING   LIMITATIONS 

The  k.y.A.  values  given  in  these  tables  dn  iiol  lake 
into  account  the  heating  and  consequently  earning  cap 
acity  of  the  conductors.  This  may  be  ignored  in  the 
case  of  the  longer  overhead  high-voltage  transmission 
circuits.  For  very  short  circuits  (especially  for  the 
lower  voltages  and  particularly  for  insulated  or  C(jn- 
cealed  conductors)  the  carying  capacity  (safe  heating 
hmits)  of  the  conductors  must  be  carefully  considered. 


approximately  the  point  at  which  the  carrying  capacity 
(.f  that  particular  conductor  is  reached  if  insulated  and 
in-stalled  in  a  fully  loaded  four  duct  line.  If  the  con- 
ductor is  to  be  installed  in  a  duct  line  having  more  than 
four  ducts  its  capacity  will  be  still  further  reduced. 
Ihe  position  of  this  line  is  based  upon  the  use  of  lead 
cm  ered,  paper  insulated,  three  conductor,  copper  cables 
for  sizes  up  to  700000  circ.  mils  and  of  lead  covered, 
]ia|)er  insulated,  single  conductor,  copper  cables  for  the 
larger  sizes.     In  other  words,  the  position  of  this  heavy 


TABLE  XXI    QUICK  ESTIMATING  TABLE 


CONDUCTORS 

KILOVOLT- AMPERES.  3  PHASE.  WHICH  MAY  BE  DELIVERED  AT  THE  FOLLOWING  VOLTAGES  OVER  THE  VARIOUS 
CONDUCTORS  FOR  THE  DISTANOES  STATED.  BASED  UPON  THE  FOLLOWING    I^R  LOSS  (EFFECT  OF  CHARGING  CURRENT 
^^°LECTED)                                                                                                        ^^25-C            AT65-C 

FOR  LOAD  POWER-FACTOR  OF  IOO%-8.66%  LOSS-  10  0%  LOSS 

FOR  LOAD  POWER-FACTOR  OF   80%-l0.8%  LOSS-  12.5     LOSS 

COPPER 

AREA 

IN 

CIRCULAR 

MILS 

ALUMINUM 

AREA 

IN 

CIRCULAR 

MILS 

154,000   VOLTS    DELIVERED 

96 
MILES 

104 

MILES 

112 
MILES 

120 

MILES 

128 

MLES 

144          160 
MILES    MILES 

176     1     192 
MILES 'miles 

208 
MILES 

224 
MILES 

240 
MILES 

256 
MILES 

288 
MILES 

320 
MILES 

362 
MILES 

384 
MILES 

660 000 
600000 
JSO 0 00 

/   033   000 
9S-^   000 
S7-?   SOO 

Z37SOO 
ZI9  000 

211  SOO 
202000 
ItTOOO 

303  SOO 
IS7S00 
/  73  000 

190  000 
I7SOOO 
161500 

ll.tSOO 
/6>OO0 

IS '  SOO 

/.■S.SOO 

11  -  .'•- 

/  34  500 

121  300 

n9S00 
HO  200 

1  IS  SOO 
109  SOO 
101  000 

JO9S0O 
93  300 

102000 

93  SOO 
86  600 

75-000 

8  7500 
30  800 

89000 
82  000 
7S700 

79200 

67300 

iO7O0 

64  700 
59700 
55200 

5?30O 
54  700 
50  500 

JOO  0  00 
•tSO  000 
-fOO  000 

79s  000 
7  /  S  SOO 
63&    000 

IS3S0C 
/  64  SOO 
147  000 

IdfOOO 
IS2000 
131,000 

IS7O00 
141  000 
/26S00 

t4i>S00 
131  (>00 

insoo 

13.  .Ci^ 
/21S0O 
IIOSOO 

/0?500 
98000 

98  800 
8  8  300 

99  SOO 
■i9W0 
80  200 

91  SOO 
82  300 
73  SOO 

84  SOO 
76  000 
^7  800 

78  SOO 
70  600 
63  000 

73  200 
<SS800 
58  SOO 

68  700 
61  700 
3S200 

61000 

S4800 
.49000 

SSOOO 
49  300 
■44200 

SO  000 
44900 
40  200 

45700 
4/200 
36  800 

3S0  000 
300  000 
ZSO 000 

■S^(,  SOO 

4  77  aoo 
397  SOO 

/Z?200 
I09S00 
91  SOO 

IJSSOO 
102000 
8-fSOO 

/a9Soo 
94  000 

78  500 

107  SOO 
8  7JOO 
73200 

9iO00 
82  000 
6il,00 

85  300 
73  000 

76  800 
i$,700 
S4S00 

&9S00 
S9  700 
49^00 

it  000 
S4  700 
45700 

S9200 

So  SOO 

42200 

5-f  SOO 
.^6  800 
3?  200 

SI  200 
<3  700 
36600 

48  000 

■41  000 
34  300 

42700 
34  500 
30  500 

3  8  SOO 
32  800 

27400 

3S00Q 
■29  8O0 
24900 

32  100 
27300 
22  900 

3364Z0 
Z(,(,    800 

ilSOO 

7/  200 
6(>S00 

64500 
S2  7O0 

il  600 

49200 

S77O0 
■it,  100 

SI  SOO 
41000 

4(1,200 
31,900 

4  2  000 
33  600 

38S00 
30700 

35  (SOO 
21400 

33  000 
26400 

30800 
24600 

28  900 

23  100 

25  700 
20  500 

23200 
18400 

Zi  000 

/68O0 

IS400 

187,000   VOLTS    DELIVERED 

96 

MILES 

104 
MILES 

112 
MILES 

120 
MILES 

128 
MILES 

144 
MILES 

160 
MILES 

176 

MILES 

192 
MILES 

208 
MILES 

224 

MILES 

240 

MILES 

256 
MILES 

288 
MILES 

320 
MILES 

362 
MILES 

384 
MILES 

&SO 000 
600  000 
•SSO  000 

1   033  000 

?s^  000 

8  7^  SOO 

32  3  OOO 

j7j;ooo 

300  OOO 
277000 
2SiC00 

2SOOO0 
2.S8  0O0 
239O0O 

iSoi 

2  34 OOO 
ZISOOO 
191000 

zio  000 

I93S00 
179  000 

191000 

I7i>000 
162  SOO 

/  7SO00 
161  SOO 
I49O0O 

I61S00 
149000 
137SO0 

ISOOOO 
/38  000 
I2t000 

HO  000 
129  000 
119  SOO 

131  SOO 

;2i  000 
//2000 

116S00 
I07S00 
99  SOO 

705  000 

97  000 
89  SOO 

'■/5200 
38  000 
8/500 

57  500 
?-0  700 
7i  600 

SOO   OQO 
4S0  0  00 

40c  000 

Its  000 

7  IS  SOO 
(,3(>  000 

270  000 
i<3000 

2SOOOO 

iisooo 

zoo  000 

S3100O 
209000 
ISSSOO 

216000 
194  SOO 
/73S0O 

2c3coa 
I82000 
I62S0O 

ISOOOO 
762  000 
144  SOO 

I62O0Q 
HS  SOO 
130  000 

H7S0O 
132  SOO 
1 18S0O 

I3S000 
12/ SOO 

lotsoa 

I2SO00 
100  000 

IIS  SOO 
104000 
93  000 

97200 
84  700 

lOIOOO 

91 000 

8/300 

90  000 
8/ 000 
72200 

31  000 
73  000 
145000 

64200 
59000 

67600 
60  700 
.54200 

SS6   SOO 
477   000 
397  SOO 

leioao 

/6/  000 
/3-1-SOO 

'7'fsaa 
/■tfooo 
134  SCO 

/i>2  000 
/  JSSOO 

IS  1  OOO 
IZ90OO 
f  07  SOO 

141  SOO 

■3  9  SOO 

113  SOO 
96S00 

?oeoo 

103  000 
«S000 
7  3  SOO 

94  SOO 
80  SOO 
6,7  300 

87000 
7-^300 
(,2200 

SI  000 
690O0 
S7S00 

75500 
6^^500 
.53  800 

70  800 
60  500 

5-0500 

63  000 
S3  700 
44  SOO 

54  700 
4?  300 
40400 

SI  SOO 
A-4  000 
3  6X00 

,41200 
-40  300 
33  700 

33i 420 

iiJtooo 

/0.S-O0O 

9  7  SOO 

91  OOO 

is  200 

7jrsoo 

6S700 

(,2000 

S7O00 

52  600 

48100 

-♦5500 

42  700 

38000 

34  200 

3i  000 

Z8S00 

220,000    VOLTS    DELIVERED 

96 
MILES 

104 
MILES 

112 

MILES 

120 
MILES 

128 
MILES 

144 
MILES 

160 

MILES 

176 
MILES 

192 
MILES 

208 

MILES 

224 
MILES 

240 
MILES 

256 
MILES 

288 
MILES 

320 

MILES 

362 
MILES 

384 

MILES 

&S0 000 

/   033    000 
954  000 
874   500 

^  5  J  000 
.» -17000 

447  000 
413000 
J8SO0O 

■417  OOO 
3^3  000 
3S4  OOO 

3S^O00 

istooo 

331  000 

364  000 
33t000 
310  000 

299O00 

291 000 
Z6S000 
249000 

z&sooo 

22G000 

.J07  000 

224  000 
207  000 
191  000 

2O800O 
192  000 

/94000 
179000 

I6S  SOO 

182  000 
168000 
ISSOQO 

162000 
149000 
138  000 

/34500 

132  SOO 

112800 

121  SOO 
I03S00 

79.5  000 
7/S  SOO 
i,-3(>  000 

3  7.^000 
33(i000 
300000 

3f£  OOO 
3/0  000 

3Zi  000 
2SSO0O 
2S7000 

Z9?ooo 
269000 
2A0  000 

2SI000 
2S2O00 
22S0OO 

Z4't000 
224  OOO 

224  000 
202  000 
ISOOOO 

204000 
183  SOO 
16,3  SOO 

IS70O0 
168000 

ISO  000 

173  000 
ISS  000 
I38S00 

160000 
14-4  OOO 
I28SQ0 

149  SOO 
134  SOO 

1  12  SOO 

1  24  SOO 
112  000 
'00000 

/  /  2  SOO 
90  000 

92000 
S200O 

93  SOO 
84200 
75000 

The  loss  due  to  corona  -will  not  be  excessive  -with  any  of  the  above  conductors  used  at  Bea  level  for  the  voltages  stated.  For  elevations 
above  sea  level,  check  the  values  with  Table  XXII,  especially  for  the  smaller  conductors.  On  long  circuits  of  high  voitage,  the  effect  of 
charging  current  (also  corona  and  leakage  losses)  will  be  to  increase  or  decrease  the  I'R  loss,  depending  on  the  amount  of  load  and  its  power- 
factor.      See   Fig.    13 


For  circuits  of  short  length  the  carrying  capacity  of 
conductors  will  frequently  determine  these  sizes  and 
not  the  economic  transmission  loss.  The  carrying  cap- 
acity' of  bare  copper  conductors  suspended  in  air  and 
of  insulated  copper  conductors  in  duct  lines  are  given 
in  tables  XXIII  and  XXV,  both  of  which  are  to  appear 
in  subsequent  articles. 

Running  diagonall}  across  each  table  from  XII  to 
XVII  inclusive,  is  a  heavy  line.  The  point  at  which 
this  heavy  line  intersects  the  horizontal  line  containing 
the  k.v.a.  values  for  a  given  size  of  conductor  indicates 


line  is  based  upon  the  k.v.a.  values  for  carrying  capacity 
given  in  Table  XXV  and  is  placed  upon  the  tables  as  .1 
warning  that  the  heating  liiTiit  capacity  of  the  conductors 
must  be  considered.  To  illustrate,  suppose  220  volts  is 
to  be  delivered,  over  i  000000  circ.  mil,  insulated,  single 
conductor,  copper  cables  in  a  fully  loaded  four  duct 
conduit.  Table  XII  indicates  that  189  k.v.a.  can  be 
transmitted  over  these  conductors  a  distance  of  2000  ft. 
without  overheating  the  cable.  If  it  is  desired  to  trans- 
mit 378  k.v.a.  a  distance  of  1000  feet,  the  fact  that  this 
value  occurs  to  the  left  of  the  heavy  line,  indicates  that 
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it  is  beyond  the  safe  carrying  capacity  for  this  size  con-  there  will  be  a  lagging  component  in  the  load  currenr. 
ductor  in  a  four  duct  line.  Reference  to  Table  XXV  The  charging  or  leading  current  will  be  practically  in 
will  show  that  297  k.v.a.  is  the  maximum  capacity  of  opposition  to  the  lagging  component  of  the  load  current 
this  cable  under  the  conditions  stated.  In  this  case,  and  will  therefore  tend  to  cancel  or  neutralize  the  lag- 
either  a  larger  conductor,  or  two  or  more  smaller  con-  ging  component  of  the  load  current.  The  result  will 
ductors  must  be  used  to  prevent  overheating.  This  will  be  a  reduction  of  the  current  in  the  circuit  and  con- 
result  in  a  less  loss  than  those  upon  which  the  table  sequently  in  the  PR  loss.  But  if  the  circuit  is  very 
k.v.a.  values  are  based,  and  in  this  case  the  heating  of  long,  particularly  if  the  frequency  is  60  cycles  and  the 


the  cable  will  probably  determine  the  size  to  use. 

EFFF.CT  OF  CHARGING  CURRENT  IN  ABOVE  PR  LOSS  VALUES 

As  stated  previously,  the  percent  PR  losses  in  the 
quick  estimating  tables  are  based  upon  the  load  currei:! 
and  therefore  do  not  take  into  account  the  effect  of  the 
charging  current  which  is  of  a  distributed  nature  and 
superimposed  upon  the  load  current.  The  effect  of  the 
charging  current  is  to  increase  or  decrease  the  current 
in  the  circuit  by  j>n  amount  depending  upon  the  relative 


DISTANCE  IN  MILES  FROM  SUPPLY  END 


FIG.    13 — EFFECT  OF  CH.\RGING  CURRENT  ON   TR  TRANSMISSION   LOSS 

The  curves  represent  (for  certain  circuits)  an  approximation  of  the  resultant  PR  loss,  compared  to 
what  it  would  have  been  if  there  were  no  charging  current  present  in  the  circuit.  The  eiTect  of  the 
charging  current  superimposed  upon  the  receiver  current  is  either  to  increase  or  to  decrease  the  f-R 
loss  01  the  circuit  depending  principally  upon  the  relative  amount  of  the  leading  and  laggmg  components 
of  the  current  in  the  circuit. 


values  of  the  lagging  and  leading  (|uadrature  compon- 
ents of  the  current  in  the  circuit. 

For  instance  assume  that  the  power-factor  of  the 
load  is  unity.  In  such  case  there  is  no  quadrature  com- 
ponent in  the  load  current.  If,  however,  the  circuit  i^ 
of- considerable  length,  and  particularly  if  the  frequency 
is  60  cycles,  there  will  be  an  appreciable  amount  of 
charging  current  (quadrature  leading  component) 
added  vectorially  to  the  load  cui'rent.  The  sum  of 
these  two  currents  in  quadrature  with  each  other  wiil 
result  in  an  increase  of  current  in  the  circuit  with  a 
consequent  increase  in  the  PR  loss.  Thus  the  effei  l 
of  charging  current  in  a  circuit  delivering  a  load  of  100 
percent  power-factor  will  always  be  to  increase  the  PR 
loss. 

If,  however,  the  power-factor  of  the  load  is  lagging'. 


load  power-factor  is  near  unity  (lagging  component  m 
load  current  small)  the  comparatively  large  leading 
component  (charging  current)  will  not  only  neutralize 
the  lagging  component  of  the  load  current,  but  will 
produce  a  leading  power-factor  at  points  along  the  cir- 
:uit.  If  the  charging  current  is  sufficiently  high  it  will 
ncrease  the  current,  causing  an  increase  in  the  PR 
OSS.  Thus  the  effect  of  charging  current  in  circuits 
lelivering  a  lagging  load  is  to  decrease  the  PR  loss  up 

to  a  certain 
amount  and  then, 
if  the  charging 
current  is  s  u  ffi- 
ciently  large,  to  in- 
crease PR  loss. 

The  curves  in 
Fig.  13  show  this 
effect  for  25  and 
60  cycle  circuits 
delivering  loads  of 
unity  power-fac- 
t  0  r ;  also  loads 
of  80  percent  lag- 
ging power-factor 
for  circuits  up  to 
500  miles  long.  It 
will  be  seen  that 
f  o  r  circuits  300 
miles  long  the 
effect  of  charging 
current  will  be  to 
reduce  the  PR 
loss  by  approxi- 
mately 25  percent 
if  the  load  is  80 
power-factor  is  unity  the 


percent  lagging.  If  the  load 
PR  loss  will  be  increased  approximately  10  percent  for 
these  particular  problems  if  the  frequency  is  25,  and 
30  percent  if  the  frequency  is  60  cycles. 

The  curves  in  Fig.  13  show  that  for  circuits  500 
miles  long,  in  which  the  entire  charging  current  is  fur- 
nished from  one  end  of  the  circuit,  the  effect  of  this 
charging  current  is  to  increase  the  PR  loss  by  300  per- 
cent if  the  frequency  is  60  cycle  and  the  load  power- 
factor  mo  ])crcent.  In  other  words  a  large  part  of  the 
current  in  the  circuit  for  such  a  long  60  cycle  circuit 
is  charging  current  so  that  the  effect  of  the  load  current 
on  the  PR  loss  is  comparatively  small.  Of  course  such 
a  long  circuit,  unless  fed  from  two  or  more  generating 
stations  located  at  widely  separated  points  along  the 
transmission  linj,  would  not  be  commercially  practical. 
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N  the  last  few  years,  electric  furnace  applications     impedance,  therefore  it  distributes  in  such  manner  as 


I  have  made  tremendous  progress  both  in  numbers 
and  in  size.  Since  the  voltage  required  is  approxi- 
mately the  same  for  large  and  small  electric  furnaces, 
the  advance  in  size  of  units  has  involved  the  handling  of 
larger  currents.  Before  the  advent  of  large  furnaces, 
the  matter  of  getting  the  current  into  the  furnace  of- 
fered no  difficulties  whatever.  Practically  any  kind  of 
leads  with  the  proper  cross-section  could  be  used,  with- 
out requiring  special  precautions  to  obtain  reasonable 
temperatures  and  reasonably  low  reactance  drops  in  the 
leads  between  the  supply  transformer  and  the  furnace. 


will  decrease  the  magnetic  reactions  of  the  elements  of 
current  one  on  the  other  and  thus  decrease  the  reactance 
voltage.  An  unequal  distribution  of  current  increases 
the  ohmic  resistance  drop.  The  final  distribution  of 
current  is  such  that  it  strikes  a  compromise  between 
decreasing  the  reactance  and  increasing  the  ohmic  drops 
in  voltage.  Reactance  increases  with  frequency  and  it 
is  therefore  very  evident  that  the  higher  the  frequency 
the  greater  will  the  current  depart  from  uniform  dis- 
tribution in  striking  the  compromise  between  reactance 
and  resistance. 


KiGS.  I,  2  and  3 — 3000  K.v.. 
-Transformer  out  of  case. 


THREE-PH..\SE,  6o  CYCLE,    1 1  000  TO    1 10   VOLT   EL-R.\.\CE  TR.\NSFORMER 

Fig.  2~Front  view.  Fig.  3— Rear  view. 


But  for  large  furnaces  requiring  50  000  or  even  10  000 
amperes,  especially  at  60  cycles,  it  is  necessary  to  exer- 
cise great  care  in  designing  the  leads  in  order  to  make 
the  outfit  operative.  For  the  larger  currents  it  is  prob- 
ably as  difficult,  to  build  satisfactory  leads  between  the 
transformers  and  the  furnaces  as  it  is  to  build  satis- 
factory transformers  for  that  service.  This  is  espe- 
cially true  where  considerable  flexibility  in  the  leads  is 
required,  to  allow  for  tilting  the  furnace  in  discharging, 
and  for  the  travel  of  the  electrodes  as  they  become  con- 
sumed by  the  furnace. 

Alternating-current  flowing  through  large  con- 
ductors does  not  distribute  uniformly  throughout  their 
cross-section.  The  magnetic  field  set  up  by  the  cur- 
rent in  dift'erent  parts  of  the  conductor  reacts  on  the 
current.     The  current  always   seeks  the  path  of  least 


The  elements  of  current  in  any  conductor  or  set  of 
conductors  tend  to  separate  or  get  as  far  apart  as  pos- 
sible, while  the  elements  of  current  in  different  con- 
ductors carrying  current  in  opposite  directions  attract 
each  other.  The  current  distribution  in  any  conductor 
then  depends  upon  frequency,  size  of  conductor  and 
nearness  to  return  circuit. 

In  the  conductor  shown  in  Fig.  4,  the  edges  of  the 
bar  carry  approximately  1.75  times  their  normal  density, 
■while  in  the  center  of  the  bar  the  density  is  approxi- 
mately one  half  normal.  The  heat  generated  in  the 
center,  then,  is  approximately  one  fourth  normal  while 
at  the  edges  it  is  three  times  normal.  The  total  heat 
generated  is  115  percent  normal.  Although  heat  is  be- 
ing generated  approximately  twelve  times  as  fast  at  the 
edges   of   the  bar  as   in   the   center,   the   difference   in 
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temperature  between  the  edges  and  the  center  would  be 
only  slight  on  account  of  the  high  heat  conductivity  of 
copper  and  the  resultant  flow  of  heat  from  the  edges 
of  the  bar  towards  the  center.     The  conditions  given 
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FIG.   4 — CURRENT  DISTRFBUTION   AT  6o  CYCLES  IN  ONE  ONE-QUARTER 
BY  TWELVE  INCH  BUS-BAR 

At  a  0nsiflerable  distance  from  its  return  circuit. 
in  Fig.  5  ave^  quite  different  so  far  as  temperatures  are 
concerned.     There  is  no  heat  flow  from  one  bar  to  the 
other,  therefore  an  unequal  division  of  current  results 
in  unequal  temperatures. 

It  is  well  to  use  as  few  bars  in  parallel  per  lead  as 
possible.  A  single  bar,  14  by  12  in.,  is  preferable  to 
two  bars,  J4  by  6  in.  The  bars  should  not  exceed  5-16 
in.  tliickness  for  60  cycles  or  %in.  for  25  cycles,  and 
should  be  spaced  a  distance  of  not  less  than  their  thick- 
ness. 

The  flexible  leads  are  most  conveniently  made  up 
of  a  number  of  bare  flexible  copper  cables  bunched  to- 
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satisfactory  operating  conditions,  but  for  large  currents 
it  will  be  found  necessary  to  transpose  them ;  that  is, 
the  cables  that  are  nearest  the  center  of  the  group  and 
those  that  are  at  the  edges  of  the  group  should  exchange 
places  at  or  near  the  center  of  the  length.  Flexible 
leads  for  large  currents,  if  of  any  considerable  length, 
have  a  material  reactance  voltage  in  them.     For  some 


FIG.    5 — DIVISION    OF   CURRENT    IN    THREE   ONE-QUARTER    BY   TWELVE 
INCH    COPPER  BARS   FORMING  ONE  LEAD 

gether.  For  currents  up  to  15  000  amperes  at  60  cycles, 
or  20  000  amperes  at  25  cycles,  it  is  generally  not  nec- 
essary to  transpose  the  cables  of  the  flexible  leads  to  get 


FIG.   6 — INTERLACING  OF  LEADS 

J'mi  i1iit(  single-phase  transformers  connected  in  star, 
types  of  furnaces,  reactance  in  the  leads  is  not  objec- 
tionable. In  fact  some  have  reactors  connected  within 
the  leads,  while  other  types  ojierate  satisfactorily  with- 
out the  use  of  reactors.  It  is  desirable  to  keep  the  lead 
reactance  as  low  as  possible  in  order  to  get  high  power- 
factor  operation. 

Due  to  large  fluctuations  in  load,  especially  when 
melting  down  charges  in  steel  furnaces,  the  trans- 
formers should  be  of  a  rugged  construction,  capable  of 
withstanding  considerable  magnetic  and  electrical 
strains.  A  transformer  built  for  furnace  work  is 
shown  in  Figs.  I,  2  and  3  which,  from  the  nature  of  its 
construction,  is  well  suited  for  this  service.  The  wind- 
ings in  this  transformer  are  made  up  of  coils  subdivideil 
into  gr(jui)s  of  high-voltage  and  low-voltage  coils.  The 
windings  are  made  up  of  a  number  of  flat  coils,  each  of 
which  is  wound  of  copper  ribbon  with  only  one  turn 
per  la)'er.  This  construction  keeps  the  voltage  stresses 
between  adjacent  turns  low  and  exposes  at  least  one 
side  I  f  each  coil  to  a  cooling  duct.     \'ertic.'d  oil  ducts 
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FIG.    7 — DELTA  CON.NECTION  OF  TKAXSl  OK.M  LK  LEAPS  OUTSIDE  OF  CASE 

are  provided  throughout  the  windings,  which  permit  an 
adequate  circulation  of  oil  through  the  windings  and 
insure  a  low  and  uniform  temperature  throughout. 
With  currents  of  10  000  amperes  or  more  it  is  neces- 
sary to  divide  the  low-voltage  windings  into  a  number 
of  parallel  circuits,  in  order  to  obtain  good  current  dis- 
tribution within  the  windings  and  to  prevent  abnormally 
high  reactance  within  the  transformer.  It  is  ratl^er 
fortunate  that  it  works  out  conveniently  to  arrange  the 
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low-voltage  winding'  in  several  parallel*,  as  it  is  neccss- 
aiy  to  split  up  the  leads  in  order  to  get  reasonably 
good  current  distribution  in  them.  In  general  a  current 
that  can  conveniently  be  handled  in  one  of  the  trans- 
former parallel  circuits  can  be  handled  in  the  leads  with- 
out further  interlacing.  The  transfonner  leads  are 
generally  made  of  copper  bars  and  are  interlaced  so 
that  no  one  lead  carries  more  than  7000  to  7500  am- 
peres. 

To  reduce  the  reactance  and  unequal  distribution 
of  current  to  a  minimum,  it  is  good  practice  to  use  inter- 
laced bus  construction  similar  to  the  transformer  leads, 
in  the  connection  between  the  transformers  and  fur- 
nace up  to  the  point  where  the  flexible  leads  start.  The 
interphase  connections,  such  as  delta  or  star  jumpers, 
should  be  made  as  near  the  furnace  as  possible.     Gen- 


erally the  most  suitable  place  to  make  these  connec- 
tions is  at  the  point  where  the  interlaced  leads  end  and 
the  lle.xible  leads  begin.  An  arrangement  of  this  kind 
is  shown  in  Fig.  6  for  three  single-phase  transformers 
connected  in  star. 

It  is  sometimes  possible  to  locate  the  transformers 
close  to  the  furnace  so  that  the  leads  between  trans- 
former and  furnace  consist  only  of  flexibles.  In  such 
cases  it  may  be  convenient  to  make  the  interphase  con- 
nections on  ihe  top  of  the  transformer.  A  transformer 
with  this  arrangement  is  shown  in  Fig.  7.  The 
flexibles  for  this  installation  consist  of  eight  cables  per 
lead.  The  transformer  leads  are  brought  through  the 
cover  interlaced  and  the  delta  formed  above  the  cover 
of  the  transformer. 
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^    purpose    of    this    section    is    to    prese.nt 
epted  practical  methods  used  by  operating 
companies    throughout    the    country 


The   co-operation   of   all   those   interested 
operating  and  maintaining  railway  equijtme 
is    invited.      Address    R.    O.    D.    Editor. 


Maintenance  of  Fuse  Boxes  for  Railway  Service 


The  fuse  bojj  contains  the  electrical  "weak  link"  in  the 
circuits  of  a  railway  car  equipment  for  the  purpose  of  protec- 
tion of  the  apparatus  from  overloads.  Because  of  this  weak 
link  or  safety  valve,  it  is  highly  important  that  it  be  kept  in  the 
best  of  condition  and  ready  for  the  emergency.  The  fuses  mu^t 
be  properly  selected  and  care  taken  in  providing  the  proper 
capacity  fuse  for  giving  the  protection  desired. 

It  is  not  uncommon  to  hear  of  main  fuses  being  kept  at 
red  heat  continuously  during  accelerating  periods  throughout 
the  day.  When  this  is  the  case,  it  will  usually  be  found  that  the 
fuse  must  be  replaced  quite  often,  not  because  of  the  motorman 
overloading  the  motors  by  improper  notching  nor  because  of 
continual  faulty  circuits,  but  because  of  the  gradual  decrease 
in  capacitj-  of  the  fuse  due  to  "scaling"  or  oxidizing  during  the 
intermittant  cooling  and  heating.  This  is  usually  more  notice- 
able where  low  capacity  fuses  are  required,  because  of  the  fuse 
cross-section  being  relatively  small.  Copper  fuses  are  or- 
dinarily used,  but  it  has  been  found  more  satisfactory  to  use 
aluminum  where  trouble  due  to  rapid  o.xidizing  is  noticeable. 
The  aluminum  does  not  scale  and  the  naturally  o.xidized  surface 
protects  the  metal  from  further  oxidizing. 

APPLICATION    OF   PUSES: 

It  is  usual  to  install,  in  the  trolley  circuit  of  railway  equip- 
ments, fuses  of  the  same  capacity  in  amperes  as  the  combined 
hour  rating  of  the  motors.  For  instance,  a  quadruple  equip- 
ment of  40  horse-power  motors  (one  hour  rating  73  amperes) 
is  ordinarily  supplied  with  a  .?oo  ampere  fuse. 

TYPES  AND  AEEANGEMENT  OP  BLOWOUT: 

For  general  railway  work,  the  copper  ribbon  magnetic 
blowout  type  is  standard.  In  the  fuse  boxes  of  the  magnetic 
blowout  type,  the  fuse  itself  is  the  source  of  blowout.  The  fuse 
is  so  located,  with  reference  to  magnetic  parts  built  into  or  sur- 
rounding the  box  proper,  that  it  forms  a  coil  of  one-half  turn. 
and  when  carrying  current  sets  up  sufficient  flux  to  extinguish 
the  arc. 


It  is  evident  that  the  greater  the  current  carried  through 
the  fuse  circuit,  the  greater  will  be  the  flux  for  affording  mag- 
netic blowout.  It  may  sometimes  happen  that  a  fuse  bo.x  will 
blow  a  500  ampere  fuse  more  easily  than  a  100  ampere  fuse, 
due  to  better  magnetic  blowout  at  the  higher  current.  On  this 
account  it  is  usually  a  minimum,  rather  than  a  maximum  size 
of  fuse  which  limits  the  application  of  a  given  box  of  known 
continuous  current  carrying  capacity.     For  the  same  reason,  it 


is  usually  found  that  the  more  severe  the  short-circuit  the  more 
easily  the  fuse  opens  it. 

CONTINUOUS   CAPACITY: 

On  account  of  the  intermittant  character  of  the  loads  on 
railway  equipments,  the  rated  capacity  of  the  fuses  which  must 
be  installed  is  much  greater  than  the  equivalent  continuous 
current  that  they  must  carry.  For  instance,  in  the  case  of 
quadruple  equipments  of  40  horse-power  motors,  a  fuse  rated 
at  300  amperes  is  ordinarily  required.  The  equivalent  current 
that  the  fuse  box  need  be  able  to  carry  continuously,  however. 
is  approximately  200  amperes.  On  this  account  fuse  boxes,  for 
railway  service,  may  be  used  with  fuses  rated  to  blow  at  cur- 
rents considerably  in  excess  of  the  continuous  capacity  of  the 
box. 
MOUNTING  OF  FUSE  BOXES: 

In  mounting  the  fuse  box  under  the  car,  it  is  usually  a 
difficult  matter  to  place  it  where  wheel  wash  does  not  directly 
or  indirectly  strike  the  box,  or  where  snow  and  water  do  not 
reach  it  in  some  way.  For  insulating  purposes  it  is,  therefore, 
desirable  to  use  porcelain  mounting  bolt  insulation. 

One  of  the  main  points  to  be  considered  in  locating  the 
fuse  box  is  the  accessibility  in  making  fuse  replacements.  Care 
should  also  be  taken  to  have  no  air  pipes,  brake  chains,  or  any 
other  grounded  part  of  the  car  equipment  below  or  in  front 
of  the  arc  chute.  As  many  fuses  are  at  or  near  red  heat  during 
the  time  the  car  is  in  operation,  a  certain  amount  of  ventilation 
must  be  provided  the  fuse  box  and  vent  holes  are  usually  located 
in  the  top  of  the  box  for  this  purpose.  During  regular  car 
inspection  the  vent  holes  should  be  inspected  to  see  that  these 
holes  have  not  been  plugged  by  dirt.  The  vent  holes  provided 
in  the  bo.x  are  usually  of  little  value  when  the  fuse  box  is 
mounted  directly  to  the  car  floor  and,  when  mounting,  the  box 
should  have  a  free  space  of  at  least  three  inches  between  the 
car  floor  and  the  top  of  the  fuse  box. 
PLACING    OF   FUSES: 

The  fuses,  which  should  be  uf  the  type  designed  by  the 
manufacturer  of  the  fuse  box,  should  be  clamped  securely  be- 
tween the  jaws;  being  careful  that  the  full  surface  of  the 
damps  hold  the  ends  of  the  fuse  securely.  If  the  contact  sur- 
face of  the  clamping  jaw  becomes  pitted,  this  should  be  made 
smooth  or  the  jaws  replaced  at  the  next  regular  car  inspection, 
or  sooner  if  the  jaws  are  becoming  overheated.  The  fuses 
should  not  be  bent  to  irregular  shapes  in  order  to  make  them 
fit  in  the  box  between  the  jaws.  The  fuse  should  al^f,  be 
centrally  located  in  the  bo.x  and  not  come  in  contact  with  sides, 
as  this  effects  the  blowing  point  of  the  fuse.    H.  H.  Johnston 
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d  to  use  this  department  as  a  means  of  securinj^ 
I  electrical  and  mechanical  subjects.  The  topics 
should  be  of  tieneral  interest;  information  inioKini;  the  specific  design  of 
indi\idiinl  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  for  an  intellii;ent  answer. 


to  each  questioner  enclosin[;  a  stamped,  self 
IS  the  necessary  information  cnn  be  obtained, 
lous  questions  cannot  be  considered.  As  each  question  is  answered 
Xpert  on  the  subject  in\olved,  and  checked  by  at  least  two  others, 
.anie  length  of  time  should  be  allowed  before  expectinj;  an  answer. 


1783 — Booster  Te.^nsformer — Would  it 
be  practicable  to  step  up  the  voltage 
on  a  two-phase  line  as  shown  in  Fig. 
(a)  and  would  the  condition  of  the 
line  be  altered?  g.l.k.   (aujerta) 

This  scheme  is  entirely  inoperative,  as 

the    secondary   circuits    are   open    for    a 


FIG.  I783(a') 

load  on  either  phase  alone  and  the  trans- 
former connected  to  the  inner  lines  of 
the  si;condary  is  a  high  impedance  to 
a  load  between  the  outer  lines.  A 
single-phase  booster  should  be  used  in 
each  phase.  j.f.p. 

1784  —  Ixsui..\Tio.\-  FOR  Underground 
Cables — In  designing  a  central  station 
it  is  desired  to  run  2200  volt  wires  in 
steel  conduit.  What  thickness  and 
kind  of  insulation  should  be  specified 
for  thc.<e  wires?  Would  the  ^ame  in- 
sulation be  suitable  for  installation 
(indoors)   in  fibre  conduit? 

M.J.I,  (d.c.) 
Paper  insulated  lead  covered  cables 
arc  recommended  for  use  on  2200  volt 
service  in  steel  conduit  in  central  sta- 
tion. The  insulation  may  be  varnished 
cambric  or  rubber,  if  desired,  but  this 
is  more  expensive  and  paper  insulation 
has  given  good  results  in  service.  Lead 
covering  is  essential  for  paper  insula- 
tions. The  insulation  may  be  varnished 
cambric  or  rubber,  as  conduits  are  likely 
to  be  damp  and  cause  deterioration  of 
a  braided  outer  covering.  All  of  the 
wires  of  ihc  circuit  must  be  in  the  same 
steel  conduit.  A  multiple  conductor, 
paper  insulated  lead  covered  cable  shoidd 
have  about  4/32  inch  thickness  of  paper 
insulation  on  each  conductor  and  4/32 
inch  thickness  as  a  belt  around  all  of 
the  insulated  wires  just  inside  the  lead 
sheath.  This  thickness  of  insulation  is 
more  than  is  used  for  2200  volt  service 
but  it  is  important  to  have  thoroughly 
good  insulation  in  the  central  section  in 
order  to  insure  continuity  of  service. 
The  same  insulation  may  be  used  for 
installation  indoors  in  fibre  conduit.  If 
lead  covered  cable  is  used,  steel  conduit 
is  more  often  used  than  fibre  conduit. 
D.H. 

1785 — Boiler  Gaskets — When  pouring 
hot  lead  into  a  mold  to  form  boiler 
gaskets,  we  have  a  great  deal  of 
trouble  in  keeping  them  from  sep- 
arating, or  at  least  cracking.  Please 
let  me  know  what  the  trouble  is. 

J.H.B.    (WYO.) 

We  understand  that  these  gaskets  arc 
to  l)e  used  on  hand  hole  plates  on  tube 
headers.  We  have  used  this  kind  of 
gaskets  on  this  location  of  the  boiler 
and  found  very  good  success  with 
therri,  where  the  surfaces  of  the  headers 
and  caps  w-ere  not  pitted,  so  that  a  per- 


fectly smooth  bearing  could  be  obtained 
for  the  gasket,  and  of  course  this  ap- 
plication was  made  when  the  headers 
were  constructed  of  steel.  With  refer- 
ence to  the  mouldin.g  of  the  gaskets,  we 
have  never  tried  this,  as  our  gaskets 
were  stamped  from  the  sheet  lead.  We 
presume  the  trouble  that  has  beerj  ex- 
perienced in  the  gaskets  separating  or 
cracking  after  the  lead  has  cooled  in 
the  mould,  is  due  to  the  contraction. 
Lead  having  very  small  tensile  strength, 
the  result  would  be  that  it  would  not 
hold  together  with  sufficient  strength  to 
counteract  the  contraction  pressure  from 
within.  We  would  suggest  as  a  method 
to  overcome  this,  that  a  split  mould  be 
used,  fastened  at  the  center  either  by 
slot?  or  guides  producing  a  very  small 
amoimt  of  friction  or  else  small  pins 
to  hold  the  mould  in  place  when  the 
lead  is  poured.  The  exertion  of  the 
contracting  metal  would  be  greater  than 
the  friction  or  pin  resistance,  and  would 
allow  the  finished  gasket  to  come  out  of 
the  mould  intact  in  the  desired  shape. 

O.H.n. 

1786— Short-Circuit  Calculations — 
Am  T  correct  in  making  the  follow- 
ing short-circuit  calculations?  The 
reactances  of  the  busses  and  genera- 
tors are  based  on  30000  k.v.a.  The 
generators  are  each  301x10  k.v.a., 
three-phase,  25  cycles,  11 000  volts. 
Short-circuit  in  each  case  at  mark  X 
In    Fig.    (a),    the    three-phase    short- 
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circuit     current^ioo  \  ,„   ,   ^  )  1575^ 


31  soo   amperes. 
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FIGS.   I786(a"i    and   (b) 

in      the     bus   leads,      the    three-phase 
short-circuit    current-t=loo 


,/o  -t- 


-I- 


51200   amperes.  b.l.   (n.y.) 

The  results  obtained  by  your  formula 
arc  correct  for  the  symmetrical  value 
of  the  current  but  it  should  be  borne 
in  mind  that  at  the  instant  of  short- 
circuiting  there  is  an  initial  surge  of 
current  that  will  approximate  58000 
amperes  due  to  the  unsymmetrical  po- 
sition of  the  current  with  reference 
to  the  axis.  If  your  calculation  is 
for  the  application  of  bus-bars,  they 
would  have  to  be  designed  to  withstand 
the  strain  due  to  this  58000  r.m.s. 
amperes.  As  the  short-circuit  con- 
tinues the  value  of  the  current  dies 
down  and  at  the  end  of  0.25  second  the 
value  is  22000  amperes  and  at  0.5 
second  is  only  18000  on  a  three-phase 
short-circuit.        If    your    calculation    is 


for  circuit  breaker  application,  the  cur- 
rent to  be  interrupted  will  depend  upon 
the  time  required  for  tripping  the  cir- 
cuit-breaker, being  less  the  longer  the 
time  taken.  In  the  case  of  a  single- 
phase  short-circuit  the  initial  surge  does 
not  die  off  so  rapidly,  as  for  instance 
the  current  at  the  end  of  0.25  second 
will  be  approximately  29600  r.m.s. 
amperes.  A  complete  discussion  of 
this  general  problem  will  be  found  in 
an  article  on  "Design  and  Selection  of 
t^il  Circuit  Breakers"  by  Mr.  J.  N. 
Mahoney  in  the  Journal  for  November, 
'19,    p.    462.  J.D.W. 

1787 — iNlETER  Connections — Figs,  (a) 
and  (b)  show  connections  of  current 
and  potential  transformers  to  a  three- 
phase  watt-hour  meter.  Fig.  (a) 
I  understand  will  give  the  correct 
record  for  energy  flowing  in  the  cir- 
cuit and  Fig.  (b)  you  will  notice 
has  one  potential  transformer  re- 
versed and  the  corresponding  leads  re- 
versed at  the  meter.  I  believe  this 
connection  will  not  record  the  correct 
amount  of  energy  flowing  in  the  cir- 
cuit. However,  I  cannot  explain 
why  reversing  one  potential  trans- 
former will  make  a  meter  register 
incorrectly  while  reversing  one  of  the 
current  transformers  as  in  Fig.  (a) 
will  not  affect  the  registering  of  the 
meter.        Kindly   explain. 

l.a.f.   (mass.) 

If  the  meter  in  Fig.  (a)  is  so  con- 
nected internally  that  correct  registra- 
tion is  obtained  with  the  wiring  dia- 
gram shown,  then,  Fig.  (b)  connection 
will  give  correct  registration,  since  the 
instantaneous  directions  of  the  cur- 
rents  in   the  current  and  voltage  wind- 
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FIGS.   1787(a)    and   (b) 


ings  still  have  the  same  relation  to 
each  other.  In  diagram  (b)  the  upper 
element  has  been  shifted  to  lines  A 
and  B  while  the  lower  element  has  been 
shifted  to  lines  B  and  C.  To  change 
the  direction  of  rotation  it  would  be 
necessary  to  reverse  the  series  leads  or 
the  shunt  leads  of  each  element,  but 
not  both  series  and  shunt  leads.       h.r. 
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1788 — Single-phase  Induction  Motors 
—  (a)  Please  tell  how  to  calculate 
the  full-load  rotor  current  of  a 
single-phase  induction  motor  with 
squirrel-cage  rotor,  also  with  two  or 
three-phase  slip-ring  rotors.  Also 
please  inform  me  how  to  calculate 
the  no-load  current  and  the  starting 
torque  with  the  machine  arranged 
for  starting  with  the  split  phase 
method.  (b)  Do  you  consider  it 
possible  to  build  a  satisfactory  single- 
phase  series  compensated  motor  for 
a  400  volt,  SO  period  circuit  for  an 
output  of  say  20  hp  and  full  load 
speed  of  1000  r.p.m.  for  crane  or 
winch  work.  f.s.a.    (England) 

(a)  Calculations  of  induction  mo- 
tor characteristics  are  given  in  some 
detail,  illustrated  with  examples,  in  an 
article  on  "Shop  Testing  of  Induction 
Motors"  published   in   the  Journal   for 

Transformer 


FIGS.  1788(a)   and   (b) 


Feb.,  '14,  p.  100  and  continued  in 
March  '14,  p.  178.  This  article  in- 
cludes the  well-known  circular  diagram 
method  of  calculation,  as  well  as  Stein- 
metz  symbolic  method,  and  also  the 
method  proposed  by  Mr.  W.  J.  Bran- 
son, which  is  especially  advantageous 
in  calculating  single-phase  motors  and 
small  polyphase  motors.  The  Bran- 
son method  which  is  summarized  in 
this  Journal  article  was  presented  in 
detail  in  the  Transactions  of  the 
A.I.E.E.  for  July  1912,  p.  1525.  (b) 
It  is  possible  to  build  a  single-phase. 
400  volt,  50  cycle,  20  hp.,  1000  r.p.m. 
series  motor  either  of  the  repulsion 
type,  shown  in  Fig.  (a)  or  of  the  trans- 
former conduction  type  three-wire 
shown  in  Fig.  (b).  In  this  connection 
see  articles  on  "Single-Phase  Commuta- 
tor Motors"  by  Messrs.  R.  E.  Hell- 
mund  and  J.  V.  Dobson  in  the  Jour- 
nal for  March  '16  p.  112  and  by  Mr. 
R.  E.  Hellmund  in  the  Journal  for 
Aug.  '17,  p.   322,  Sept.,  '17,  p.  363,  and 

Oct.    '17,   p.    390  H.G.J. 

1789 — Wave  Form  of  Generators — I 
was  much  interested  in  an  article  on 
"Wave  Form  of  Electric  Generators" 
in  the  Journal  for  Nov.  '18,  but  was 
handicapped  in  understanding  it  by 
reason  of  the  fact  that  I  did  not  un- 
derstand just  what  was  responsible 
for  the  generation  of  the  lower  har- 
monics in  such  a  machine.  If  you 
could  explain  this  to  me  I  would  ap- 
preciate your  favor  very  much. 

J.J.G.  (n.y.) 
For  the  third  or  fifth  harmonic  to 
occur  in  the  voltage  wave  form,  it  is 
necessary  that  these  harmonics  exist  in 
the  flux  field  form.  The  Journal  ar- 
ticle referred  to,  shows  how  to  develop 
the  voltage  wave  from  a  given  field 
form   and   therefore   the   following   will 


be  confined  to  showing  why  harmonics 
occur  in  the  field  form.  If  it  were 
possible  to  build  an  exciting  winding 
distributed  over  the  entire  face  of  the 
rotor  and  to  have  the  current  in  each 
conductor  of  such  a  field  winding  vary 
as  a  sine  law,  then  the  flux  field  form 
would  have  a  sine  shape  and  a  voltage 
of  only  fundamental  frequency  would 
be  developed  in  the  armature  winding. 
In  practice,  however,  it  is  more  feas- 
ible to  build  the  winding  on  each  pole 
in  a  single  coil,  as  in  a  salient  pole  ma- 
chine shown  in  Fig.   (a).       In  a  salient 


FIG.  1789(a) 

pole  machine,  at  no  load  the  magneto- 
motive force  is  the  same  at  every  point 
on  the  face  of  the  pole  and  the  flux 
along  the  face  of  the  pole  therefore 
is  inversely  proportional  to  the  length 
of  the  air-gap.  The  tips  of  the  poles 
are  generally  rounded  off  at  the  point 
a,  and  consequently  the  flux  density  is 
constant  along  the  pole  and  drops  off 
at  the  ends  as  shown  in  Fig.  (a).  It 
is  shown  in  various  books  on  mathe- 
matics that  such  a  curve  is  the  sum  of 
a  fundamental  sine  curve  and  several 
higher  multiples  of  the  fundamental.  In 
most  field  forms  the  lower  harmonics 
are  more  prominent,  and  Fig.  i  in  the 
Journal  article  referred  to  shows  a 
field  form  which  is  composed  of  a  fun- 
damental and  third  harmonic.  See 
"The  Analysis  of  Periodic  Waves"  by 
L.  W.  Chubb  in  the  Journal  for  Feb. 
and  May,  1914  s.l.h. 

1790 — Expulsion  Fuses — Please  discuss 
application  of  expulsion  fuses  in  the 
case  shown  in  Fig.  (a).  Can  the  ex- 
pulsion fuses  safely  rupture  the  short- 
circuit  current?  If  not,  please  dis- 
cuss primary  protection  for  distri- 
buting transformers.  What  is  the 
highest  rupturing  capacity  usually  ob- 
tainable in  expulsion  fuses. 

M.J.I,    (d.c.) 
Expulsion  fuses  have  a  rupturing  ca- 
pacity   of    approximately    1000    amperes 
at  7500  volts,  when  used  one  per  wire, 
and  proportionately  greater  or  less  cur- 


220  Volt  Secondary 


Deadj  Short-circuit 
FIG.'  1790(a) 

rent  rupturing  capacities  at  "lower  or 
high  voltages.  This  is  approximately 
7500  k.v.a.  In  the  case  in  question, 
assume  three-percent  reactance  in  trans- 
former, then  from  tables  giving  trans- 
former characteristics   we  get  6560  am- 


peres as  the  short-circuit  current  on  the 
secondary  side  of  the  transformer, 
which  would  be  about  1450  k.v.a. 
which  the  fuse  would  have  to  rupture. 
This  is  well  below  the  maximum  rup- 
turing capacity  of  the  fuse.  f.b.k. 

1701 — Meter  Connections  —  A  wiring 
diagram  of  a  method  which  we  are 
using  ioT  metering  with  the  same 
3-phase  watthour  meter  both  3-phase 
and  single-phase  lighting  load  is  shown 
in  Fig.  (a).  Is  this  method  correct? 
We  have  been  unable  to  find  any  error 
in  it.  L.E.B.    (OHIO) 

The  meter  connection  shown  in  Fig. 
(a)  is  correct  for  measuring  three-phase 
power,  and  will  correctly  measure  the 
lighting  load  if  the  circuits  are  exactly 
balanced.  If  the  light  circuit  which  is 
connected  between  the  middle  wire  of 
the  three-phase  circuit  and  the  single- 
phase,  three-wire  neutral  carries  a 
greater  load  than  the  other  side  of  the 
circuit  the  excess  load  will  not  be 
rneasured.  On  the  other  hand,  if  the 
single-phase  lighting  circuit  which  is 
connected  between   the  outside  wire  of 
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the  three-phase  and  the  three-wire 
single-phase  neutral  carries  a  greater 
load  than  the  other  circuit,  the  watt- 
meter registration  will  be  too  great  by 
the  amount  of  this  difference  in  load,  as 
it  will  register  the  excess  load  on  both 
sides  of  the  three-wire  circuit  instead  of 
only  on  one  side.  As  connected,  the 
wattmeter  will  require  the  customer  to 
pay  for  the  losses  in  the  potential  coil 
of  the  wattmeter.  We  believe  it  is  gen- 
erally customary  for  the  central  station 
to  stand  these  losses  and  most  watt- 
meters are  so  connected  at  the  factory. 
However,  the  difference  in  this  case  is 
trifling,  but  there  will  he  a  serious  error 
in  the  registration  of  the  single-phase 
load  if  it  is  much  unbalanced.  c.R.R. 

1702— Grounding  Coal  Rig — We  have  on 
our  dock  two  coal  rigs  both  using 
1150  hp.  There  is  arcing  on  the 
cables  and  clam  when  they  come  in 
contact  with  a  boat.  Is  that  because 
there  is  not  a  good  ground?  The 
rails  are  bonded  on  one  side  and 
grounded  to  a  1000  000  circ.  mil 
cable.  The  rails  are  700  feet  long 
and  are  grounded  about  in  the  center 
as  shown  in  Fig.  (a).  The  lights 
get  dim  and  there  is  a  drop  in  vol- 
tage when  the  rigs  are  running.  Would 
I  get  better  results  by  grounding  the 
two  rails  and  running  a  ground  cable 
the  length  of  one  rail  and  ground 
from  it  every  40  ft.,  as  shown  in  Fig. 
(b).  a.r.   (wise.) 

No  voltage  is  stated,  but  we  have  as- 
sumed that  230  volts  direct-current  is 
the  voltage  used.  It  would  seem  that 
1150  hp  per  rig  is  too  large  and  that 
probably  1150  amperes  per  rig  would  be 
more  reasonable.  On  the  basis  of  1150 
hp,  the  drop  in  356  feet  in  i  000000  circ. 
mil  cable  would  be  approximately  30 
volts  and  in  case  the  rigs  were  near  the 
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ends  of  the  track,  the  Qrop  in  the  track 
itself  would  be  more  than  this  amount. 
This  voltage  drop  would  account  for 
the  dimming  of  the  lights  and  for  the 
sparks  between  the  cables  or  clams  and 
the  boats.  Bonding  of  both  rails  and 
the  addition  of  a  second  loooooo  circ. 
mil  cable  to  the  rail,  which  is  not  now 
grounded,  would  improve  the  voltage 
conditions     considerably    and    probably 
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FIGS.  1792(a)  and  (b) 

eliminate  to  a  large  extent  the  sparking 
which  is  now  experienced.  Inasmuch 
as  the  distance  is  relatively  short,  it 
would  be  easy  to  run  a  small  wire  from 
one  rail  to  the  other  temporarily  or 
from  either  or  both  rails  to  the  switch- 
board and  measure  the  voltage  drop  with 
a  low-reading  voltimeter.  Similarly 
voltage  readings  from  the  bucket  to  the 
ships  could  be  made.  Such  readings 
will  indicate  the  best  remedy.        w.a.c. 

,7g3_-UsE  OF  Synchronous  Condenser 
—We  are  operating  a  number  of  2300 
and   440   volt   induction    motors   at   a 
lagging  power-factor  of  about  60  per- 
cent.   We  receive  the  power  over  a  33 
mile  transmission  line  and  purchase  it 
on  a  k.v.a.  basis,  at  an  arbitrary  power- 
factor   of   90  percent.    Our  peak  de- 
mand is  145  amperes  on  a  chart-draw- 
ing ammeter  connected  in  one  side  ot 
three-phase  line.     By  using  one  of  our 
emergency    200    kw    generators    as    a 
synchronous  condenser,  we  are  able  to 
raise  our  line  voltage  to  normal  and 
reduce    our    demand    on    the    power 
company  to  105  amperes  at  peak  load. 
This  requires  rheostat  adjustment  the 
same  as  where  the  machine  is  operated 
as  a  generator,  delivering  40  amperes 
to    the    line,    synchronized    with    the 
power  company.    The  indicating  watt- 
meter registers  nothing.    The  record- 
ing wattmeter  records  about  the  same 
as    when    operating    as    a    generator. 
Can  you  suggest  any  changes  in  the 
operation  of  this  machine  and  why? 
Can  we  take  mechanical  power,  belted 
from   this   condenser   more   efficiently 
than   direct    from   the   lines?     Where 
should  the  power-factor  indicator  be 
located,  in  the  power  company's  sub- 
station or  in  one  plant  near  center  of 
distribution,   or   the   condenser   panel 
using  the  present  switchboard  instru- 
ment transformers?       H.H.H.  (WASH.') 
The  use  of  a  synchronous  condenser 
at  your  plant  does  two  things.     It  raises 
the  power-factor  of  the  total  load  drawn 
from    the   line    and    it    also    raises    the 
voltage    at    your    plant.     These    effects 
both  tend  to  reduce  the  current  drawn 
from  the  line  although  it  does  not  reduce 
the  actual  kw  used.     If  the  indicating 
and  recording  wattmeters  you  refer  to 
are  both  connected  to  show  input  to  the 
synchronous    motor,    they    should    both 
read  the  same.     If  the  motor  is  deliver- 
ing no  mechanical  power,  these  meters 
will  record  the  losses  of  the  motor  only. 
Probably  one  is  not  correctly  connected. 
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The  power-factor  indicator  should  be 
located  at  your  plant  at  the  incoming 
line.  If  your  synchronous  condenser  is 
not  fully  loaded  (rated  amperes)  when 
the  field  is  adjusted  so  as  to  give  suitable 
power-factor  on  incoming  lines  you  can 
belt  it  up  for  mechanical  power  sufficient 
to  bring  it  up  to  rated  load.  w.R.W. 

1794 — Starting  Synchronous  Motor— 
A  synchronous  motor  of  258  k.v.a. 
driving  a  1600  foot  air  compresser  is 
started  by  a  compensator  with  3Q00 
primary  volts  and  17SS  to  2535  secon- 
dary volts.  It  takes  about  thirty 
seconds  before  the  compensator  is  cut 
out.  The  middle  coil  of  three,  burnt 
open  and  I  do  not  have  a  spare  one. 
Should  there  be  some  way  to  start 
the  motor  under  these  conditions? 

H.S.B.    (pa.) 

The  motor  can  probably  be  started  by 
short-circuiting  the  open  coil  and  con- 
To  Motor 


necting  the  two  remaining  legs  of  the 
starting  transformer  in  V.  as  shown  in 
Fig.  (a)  Q.G. 

179s — Direction  of  Rotation  of  Rotary 
Converter — What  changes  are  neces- 
sary to  reverse  the  direction  of  rota- 
tion of  a  converter  connected  two- 
phase  on  the  high-tension  side  of  the 
transformer,  and  six-phase  double- 
delta  at  the  converter;  also  two-phase 
to  six-phase  diametrical  at  the  con- 
verter. Assuming  that  a  commutat- 
ing  pole,  compound  wound  converter 
operated  in  a  clock  wise  direction, 
what  will  be  the  effect  on  commutation 
if  the  direction  of  rotation  is  changed, 
also  if  the  converter  builds  up  in  the 
wrong  direction.  g.m.  (n.y.) 

With  a  two-phase  primary,  it  would 
be  possible,  by  means  of  two  tee  con- 
nections of  the  secondary  windings,  to 
have  a  double  delta  connection  on  the 
rotary,  converter  However,  with  a 
two-phase  primary,  it  would  not  be  pos- 
sible (without  the  use  of  an  additional 
transformer)  to  have  a  dimetrical  con- 
nection on  the  converter,  as  ordinarily 
spoken  of.  By  tying  the  middle  points 
of  the  teaser  of  each  tee  together  (as- 
suming 100  percent  of  the  teaser  leg 
wound)  a  connection  is  obtained  which 
might  be  construed  as  a  diametrical  con- 
nection. In  any  event,  the  direction 
of  rotation  of  the  converter  may  be  re- 
versed by  reversing  either  one  (and  only 
one)  of  the  two  primary  phases.  The 
direct-current  brushes  on  a  converter  are 
set  at  a  certain  angle  on  the  commutator, 
with  respect  to  the  direction  of  rotation 
(usually  against  the  direction  of  rota- 
tion, if  the  angle  is  large  or  with  the 
direction  of  rotation  if  the  angle  is 
small)  so  as  to  give  the  least  vibration, 
and  hence  the  best  commutation.  If 
the  direction  of  the  rotation  is  reversed, 
the  brushes  are  liable  to  chatter  and 
impair  the  commutation.  However,  ex- 
cept for  such  mechanical  difficulties  as 
these,  which  may  be  encountered,  a  corn- 
mutating  pole  compound  wound  conver- 


ter should  commutate  about  «us  weil 
when  running  in  one  direction  as 
another.  If  the  converter  builds  up 
its  voltage  in  the  wrong  direction,  it 
will  not  affect  commutation.  If,  as  is 
usually  the  case,  it  is  necessary  to  main- 
tain the  same  polarity,  it  will  be  neces- 
sary to  slip  a  pole,  by  means  of  a  field 
reversing  switch,  or  by  opening  the  al- 
ternating current  switch,  to  make  it 
come  up  with  the  right  polarity,     m.w.s. 

1796 — Series  Transformers  for  Con- 
stant Current  Systems — We  have  a 
street  lighting  system,  consisting  of 
cast-iron  post,  lead  and  armoured 
single  and  duplex  cable,  operating  at 
approximately  2400  volts,  6.6  amperes, 
alternating-current,  (constant  current 
system)  with  series  transformers  in 
the  base  of  each  lighting  post.  For 
the  purpose  of  saving  energy  we  desire 
to  turn  off  a  certain  number  of  lights 
each  night  and  for  this  purpose  we  in- 
stalled a  ID  ampere,  snap  switch  in 
each  pole  which  shorted  the  second- 
aries of  each  transformer.  Although 
over  half  of  the  lamps  were  turned  off 
at  midnight  the  meter  showed  practic- 
ally no  reduction  in  energy  consump- 
tion and  we  assumed  our  saving  \vould 
be  about  25  percent.  Will  you  kindly 
inform  us  the  difference  in  energy 
consumed  by  a  current  transformer 
(street  lighting  type)  with  secondary 
shorted?  With  secondary  open?  Also 
energy  consumed  by  the  transformer 
when  operating  under  normal  condi- 
tion with  lamp  burning.  W.F.H.  (CAL.) 
"Considerable  saving  should  be  accom- 
plished by  short-circuiting  _  the  series 
transformers.  The  losses  in  a  trans- 
former suitable  for  supplying  a  300  watt 
lamp  are  approximately  as  follows: — 

Secondary  open  circuited 30  watts 

Secondary  short-circuited  ...  .17  watts 
When  supplying  normal  load  25  watts 

J.F.P. 

1797  — Insulation  of  Magnetism  —  I 
would  be  glad  to  know  whether  lines 
of  force  (electrical  magnetism)  can  be 
positively  insulated  excepting  with  air. 
Can  you  advise  what  materials  would 
completely  insulate  the  sides  of  a  mov- 
ing plunger  from  the  lines  of  force  of 
a  powerful  solenoid  magnet? 

e.a.r.  (n.j.) 
There  is  no  known  material  which  will 
insulate  lines  of  force  better  than  air. 
Materials  which  have  a  lower  perme- 
ability than  air  are  known  as  "diamag- 
netic".  Bismuth  shows  this  character- 
istic to  a  greater  extent  than  any  other 
common  material  but  its  permeability  is 
only  very  slightly  less  than  that  of  air, 
so  that  any  improvement  due  to  its  in- 
sulating quantities  may  be  considered 
negligible  as  compared  with  air.  The 
only  practicable  method  of  isolating 
apparatus  from  magnetic  lines  of  force 
is  to  shunt  the  apparatus  with  a  very 
good  conductor  of  magnetism.  As  an 
analogous  case  an  easy  way  of  keeping 
the  current  in  an  electrical  circuit  out  of 
an  ammeter  is  to  shunt  tlie  ammeter 
with  a  very  low  resistance,  in  which  case 
practically  no  current  will  flow  through 
the  instrument.  Similarly  the  only  prac- 
tical way  to  isolate  your  plunger  from 
lines  of  force  is  to  surround  it  with. a 
heavy  steel  box,  in  which  case  the  lines 
of  force  will  go  through  the  steel  and 
almost  none  at  all  through  the  plunger. 
This  is  a  standard  method  of  eliminating 
the  effects  of  stray  magnetic  fields  upon 
measuring  instruments.  CR.R. 
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1798 — Shaft  Currents — Can  you  give 
me  an  explanation  as  to  the  cause  of 
"shaft  currents  in  machines"?  In 
what  types  of  machines  is  this  likely 
to  occur  and  does  the  density  at  which 
the  iron  is  worked  have  any  thing  to 
Ac  with  it?  H.L.s.    (ala.) 

Since  in  rotating  electric  machines  the 
shaft,  bearings,  bearing  supports,  and 
base  form  a  closed  electric  circuit,  it  is 
obvious  from  the  elementary  laws  of 
electricity  and  magnetism  that  currents 
will  tend  to  circulate  in  this  closed  cir- 
cuit if,  (a)  the  flux  interlinking  the 
shaft  or  any  part  of  the  circuit  varies, 
or  (b)  the  shaft  rotates  in  a  magnetic 
field  which  is  at  right  angles  to  its  axis, 
or  has  a  component  at  right  angles  to  it. 
The  variation  of  the  flux  interlinking 
the  shaft  is  usually  caused  by  dissym- 
metry in  the  reluctance  of  the  parallel 
magnetic  paths  of  the  armature,  for  dif- 
ferent positions  of  the  field  poles.  For 
instance,  if  the  armature  of  a  two-pole 
machine  is  built  up  of  segments  so  that 
there  are  three  equally  spaced  air-gaps, 
an,  b.,,  and  Co,  and  the  gap  an  coincides 
with  the  center  line  of  the  pole,  as 
shown  in  Fig.  (a),  the  flux  passing 
across  each  side  of  the  armature  must 
cross  one  gap.  Consequently  it  will 
divide  equally  between  the  two  parallel 
paths.  However,  when  the  armature 
has  rotated  so  that  the  gaps  are  in  po- 
sition aibiCi,  more  flux  will  pass  down 
the    left   hand    side    than    on    the    right 


FIG.  1798(a),  (b)  and  (c) 

hand  side,  for  it  has  only  one  gap,  while 
the  right  hand  side  has  the  two  gaps 
ai,bi  in  series.  When  the  air-gaps  are 
in  positions  a.,  b:,  C2,  the  flux  will  again 
divide  equally  between  the  two  paths. 
However,  at  position  aa,  b«,  Cs  the  gaps 
ba  and  Ci  are  in  series  on  the  left  hand 
side  and  the  greater  proportion  of  the 
flux  passes  down  the  right  hand  side. 
From  the  above  it  is  evident  that  with 
this  pole  segment  combination  the  flux 
is  alternately  weak  and  strong  on  the 
different  sides  of  the  shaft  as  the  arma- 
ture rotates.  This  action  is  equivalent 
to  a  periodic  swinging  of  the  flux  across 
the  shaft.  The  swinging  flux  induces 
a  voltage  in  the  shaft  which  tends  to 
circulate  current  around  the  closed  elec- 
tric circuit.  In  this  case,  if  the  iron 
is  saturated  the  reluctance  of  each  of 
the  magnetic  circuits  is  materially  in- 
creased and  the  percentage  of  dissym- 
metry due  to  the  segment-air-gaps  for 
dififerent  armature  positions  is  smaller, 
so  that  the  amount  of  flux  swinging 
across  the  shaft  should  be  reduced. 
Shaft  currents  due  to  the  second  cause 
are  usually  common  to  machines  which 
have  unsymmetrical  windings.  The 
most  pronounced  example  of  this  is  the 
consequent  pole  type  of  machine,  in 
which   only  one-half   of   the   field  poles 


are  equipped  with  field  coils.  With 
this  type  of  machine,  the  flux,  leav- 
ing the  wound  field  poles  is  free  to 
return  by  two  parallel  paths,  one  acroji 
the  air-gaps  to  the  south  poles  as  shown 
in  Fig.  (b),  and  the  other  across  one 
gap  through  shaft,  bearings,  pedestals 
base  and  frame  as  shown  in  Fig.  (c;. 
The  actual  division  of  flux  between  the 
two  paths  depends  upon  their  relative 
reluctances.  The  rotating  shaft  in  the 
magnetic  field  at  b  and  b,,  produces  a 
voltage  which  tends  to  circulate  current 
in  the  bearings  from  one  end  to  the 
other.  c.M.L. 

1799 — Startinc,  Compensator  —  Please 
give  some  information  on  a  three- 
phase  2300  volt,  three-wire  star  con- 
nected compensator  or  starting  trans- 
former connected  as  shown  in  Fig. 
(a).  The  primary  voltage  is  2300 
and  there  are  taps  on  the  transformer, 
varying  from  640  to  960  volts  secon- 
dary. The  530  hp.  is  used  to  start 
a  soo  kw  direct-current  motor  gen- 
erator set.  We  use  a  three-pole, 
three-phase,  double-throw  oil  switch 
to  start  and  every  once  in  a  while 
when  starting  the  operator  has  a  blow 
out,  or  explosion  in  the  oil  switch 
when  he  switches  around  from  start- 
ing to  running  and  this  three-phase 
transformer  starter  has  burned  out 
several  times.  I  blame  the  opera- 
tor for  changing  his  switches  around 
too  fast  not  giving  the  starting 
side  time  to  break  the  arc  on  the  con- 
tacts. Then  when  the  running  side  is 
connected,  it  backs  the  primary 
current  through  the  switch  to  the 
secondary  side  of  transformer  which 
causes  bucking  in  the  coils,  which  I 
found  stripped  off  the  core  and 
jammed  up  against  the  iron  of  the 
transformer.  f.a.b.   (pa.) 

If  the  running  switch  can  be  closed 
when  there  is  current  still  flowing 
through  the  starting  switch^  there  is  al- 
ways the  possibility  of  the  trouble  as  de- 
scribed. The  mechanical  interlock  be- 
tween the  starting  and  running  switch 
should  provide  protection  from  this 
trouble  and  we  suggest  that  the  perfor- 
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mance  of  this  interlock  be  checked. 
Another  possible  source  of  this  trouble 
may  be  within  the  transformer.  The 
coils  may  not  be  sufficiently  braced  me- 
chanically to  withstand  the  strains 
caused  by  its  own  magnetic  field,    g.w.h. 

1800 — Windage  of  Rotary  Converter — 
What  percent  of  the  kw  rating  of  a 
60  cycle,  500  kw,  250  volt,  direct-cur- 
rent, 1200  r.p.m.  rotary  converter  is 
absorbed  by  windage  alone,  at  1200 
r.p.m.?  I  wish  to  know  what  size 
motor  to  use  to  drive  it  to  grind  the 
commutator  but  also  would  like  wind- 


age    separate,     the     friction    writhout 
brushes  is  negligible. 

J.E.MCH.    (MICH.) 

The  bearing  friction  and  windage  of 
the  above  converter  at  1200  r.p.m.  is  ap- 
proximately 5.5  kilowatts  (exclusive  of 
briish  friction).  Assuming  the  grinding 
stone  has  a  surface  of  three  square 
inches  (in  case  two  stones  are  used),  a 
•naximum  pressure  of'  10  pounds  per 
jquare  inch,  and  a  maximum  coefficient 
of  friction  of  I,  approximately  3.5  kilo- 
watts would  be  consumed  by  the  grind- 
ing tool  at  a  speed  of  1200  r.p.m.  There- 
fore, a  12  horse-power  motor  should  be 
ample  for  grinding  the  commutator  at  a 
speed  of  1200  r.p.m.  However,  a  motor 
of  this  size  will  probably  not  be  sufficient 
to  start  the  machine  from  rest.  It  will 
probably  be  most  convenient  to  start  the 
machine  in  the  ordinary  manner,  and 
then  cut  the  power  off  and  let  the  motor 
run  the  machine.  m.w.s. 

1801— Effect  of  Fluctuating  Current 
ON  Lead  Storage  Cells — Does  a  vary- 
ing current,  such  as  is  derived  from  a 
tungar  rectifier  or  generator  driven  by 
hit  and  miss  gasoline  engine,  used  for 
charging  lead  cells,  cause  depreciation 
of  these  cells,  due  to  the  fact  that  the 
current  varies  in  the  above  manner? 
M.c.  (s.C.) 
'  Varying  current,  such  as  is  obtained 
from  a  tungar  rectifier,  or  other  device 
that  does  not  give  a  smooth  direct  cur- 
rent, will  do  no  harm  to  a  lead  storage 
battery,  providing  the  current  is  not 
large  enough  to  cause  excessive  heating. 
The  mere  fact  that  the  current  varies 
does  not  in  itself  do  any  harm,  but  it  is 
a  fact  that  the  heating  value  of  this  kind 
of  current  is  considerably  higher  than 
that  of  smooth  direct  current  of  the 
same  average  value  as  shown  on  a  per- 
manent magnet  ammeter.  The  alternat- 
ing current  has  a  root-mean-square  or 
effective  heating  value  about  twice  as 
great  as  that  of  a  smooth  direct  current 
equal  to  the  average  value  shown  on  the 
direct-current  ammeter.  It  is,  therefore, 
entirely  possible  to  overheat  a  battery 
when  charging  from  such  a  source,  even 
though  the  current,  as  shown  on  the 
meter,  is  not  above  the  value  specified 
for  the  battery  in  question.  In  actual 
practice,  however,  trouble  rarely  occurs, 
because  most  half  wave  rectifiers  deliver 
currents  sufficiently  low  so  that  no 
trouble  occurs  when  charging  batteries 
of  the  size  customarily  used  nowadays 
for  automobile  lighting  and  starting.  In 
the  case  of  the  generator  driven  by  hit 
and  miss  gasoline  engine,  the  larger 
current  will  be  counterbalanced  by  the 
fact  that  the  variations  in  the  current 
are  much  smaller  than  in  the  half  wave 
rectifiers.  In  general,  if  care  is  taken  to 
prevent  the  temperature  of  the  battery 
from  rising  above  the  value  allowed  by 
the  manufacturer,  no  harm  will  be  done 
while  charging  from  any  of  the  above 
sources.  In  addition  a  battery  must  not 
be  caused  to  gas  v'"'ently  at  any  time 
during  the  charging  ,.  .nod,  even  though 
the  temperature  of  the  electrolyte^  may 
not  exceed  that  specified  as  a  maximum 
by  the  battery  manufacturer.  The 
process  of  charging  a  battery  is  purely 
an  electro-chemical  absorption  of  energy. 
The  active  materials  of  the  battery 
plates  have  a  capacity  at  any  given  time 
to  absorb  only  a  very  specific  amount  of 
electrical  energy.  If  at  any  time  the 
electrical  energy  is  applied  to  the  plates 
in  such  a  quantity  that  all  of  it  is  not 
absorbed    in    the    desired    manner,    the 
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electrolyte  will  be  caused  to  gas  more 
or  less  violently,  depending  upon  the 
amount  of  the  excess  energy  applied. 
This  gassing  is  simply  the  electrolysis 
of  the  water  of  the  electrolyte,  namely, 
breaking  up  of  water  into  two  gases, 
hydrogen  and  oxygen  which  when  form- 
ing produces  an  explosive  action  tend- 
ing to  tear  off  particles  of  the  active 
material  of  which  the  plates  are  com- 
posed. If  a  rectifier  of  the  tungar  type 
produces  peak  current  values  materially 
in  excess  of  the  current  which  the 
battery  can  absorb,  undue  gassing  of  the 
battery  will  take  place,  even  though  the 
current  is  not  sufficiently  high  to  pro- 
duce undesirable  heating  of  the  electro- 
lyte. In  our  opinion,  most  of  such  recti- 
fiers are  commercially  satisfactory,  in 
that  either  the  peak  currents  are  not 
sufficiently  high  to  do  any  damage  or  not 
of  sufficient  duration  to  materially  de- 
crease the  life  of  the  battery.  In  so  far 
as  current  variations  in  the  case  of  gas 
engines  driven  generators  are  concerned, 
we  doubt  seriously  if  any  damage  will  be 
incurred  by  current  peaks.  The  damage, 
usually  encountered  with  this  type  of 
equipment  is  that  of  reversal  of  battery 
current  through  the  generator  when  the 
engine  speed  decreases  below  normal. 

Q.A.B.  and  AM.c. 
1802— Elfxtric  Furnaces— I  have  been 
reading  with  considerable  interest  the 
articles  in  your  Journal  and  else- 
where concerning  the  development  of 
the  electric  furnace  for  steel  manu- 
facture, and  am  now  interesting  my- 
self in  the  question  as  to  whether  the 
electrical  furnace  could  not  be  applied 
with  equal  success  for  the  melting  and 
manufacture  of  glass.  Naturally  the 
induction  tvpe  of  furnace  suggests  it- 
self, but  I  will  be  obliged  if  you  could 
provide  me  with  information  concern- 
ing this  subject,  and  the  difficulties 
that  may  have  to  be  faced  by  applying 
the  electrical  furnace  for  this  purpose; 
also  whether  any  benefit  would  come 
in  increased  fluidity,  as  a  result_  of 
higher  temperatures  which  are  possible 
by  the  use  of  this  type  of  furnace. 
Are  electrical  furnaces  employed  and 
manufactured  for  this  purpose,  if  not, 
could  they  be?  I  will-be  pleasedif 
you  would  give  mc  references  to  in- 
formation on  the  subject  in  detail  and 
furthermore,  benefit  may  come  if  you 
could  refer  my  query  to  firms  who 
are  particularly  interested  in  this  sub- 
ject from  other  than  the  electrical  side. 

H.W.M.    (AUSTRALIA) 

The  subject  of  electric  glass  furnaces 
is  one  of  the  most  inviting  ones  yet 
awaiting  practical  development  in  the. 
electric  furnace  field.  The  electric  fur- 
nace can  undoubtedly  be  applied  with 
even  greater  success  for  glass  melting 
and  refining  than  for  the  manufacture  of 
steel.  Naturally  the  induction  type  of 
furnace  does  not  suggest  itself  as  prac- 
ticable for  the  reason  that  glass  when 
cold  is  nonconductive  and  the  furnace 
would  necessarily  have  to  be  heated  from 
the  outside  in  starting  it.  There  have 
been  many  patents  taken  out  both  in 
America  and  Europe  on_  electric  glass 
furnaces.  A  number  of  inventors  have 
considered  the  scheme  of  using  the 
molten  glass  as  a  resistor.  Others  have 
used  the  radiant  heat  from  the  arc.  The 
difficulties  have  been  with  the  re- 
fractories and  with  the  contamination  of 
the  glass  charge.  As  the  electric  heat  is 
so  much  more  intense  and  applied 
directly  to  the  molten  glass,  there  is  a 
very  great  advantage  in  the  rapidity  with 
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which  the  glass  may  be  melted  and  re- 
fined and  the  increased  fluidity.  Electric 
furnaces  are  not  employed,  so  far  as  is 
known,  in  practical  glass  manufacture 
although  one  concern  in  Pittsburgh  is 
working  actively  on  this  problem.  In 
our  opinion  they  certainly  can  be  and 
will  shortly  be  so  used.  The  latest  in- 
formation on  the  subject  is  to  be  found 
in  the  patent  files.  w.E.M. 

1S03— Direct-Current  Coil  Shape— In 
a  direct-current  motor  having  poles 
set  radial  and  horizontal  is  it  always 
the  rule  in  rewinding  armature  to 
bring  short  bottom  lead  out  straight 
and-  give  long  lead  throw  to  right 
when  facing  commutator?  If  short 
lead  is  given  throw  either  way  please 
explain  why.  m.s.b.    (pa.) 

There  is  no   method   of   bringing  out 
the   leads    from   the   annature   coil   and 
connecting  them  to  the  commutator  that 
is  always  used.     The  leads  are  given  a 
throw  of  dift'crent  distances  on  different 
motors.      It    is    often    advantageous    to 
give     both     armature     leads     a     throw. 
Changing  the  throw  may  give  a  coil  a 
better  shape  or  a  more  desirable  brush 
position.      Consider  this  particular  case. 
If  the  short  lead  was  lengthened  and  the 
other  shortened,  and  the  short  lead  given 
a  throw  to  the  left  while  the  throw  of 
the  long  lead  was  shortened  enough  to 
keep  the  distance  between  where  the  two 
leads   are  connected  to  the  commutator 
constant,  then  it  is  evident  that  the  coil 
would   be   more   nearly   symmetrical   in 
shape.     During  at  least  part  of  the  time 
a  coil  is  commutating  the  bar  to  which 
an  armature  coil  lead  connects  is  under 
the   brush.     To   get  good  commutation 
an   armature   coil   should  have   its   con- 
ductors  lying   in   a   slot  about  halfway 
between  the  main  poles,  during  commu- 
tation,   then,    in    the    motor    mentioned, 
the  brush  rigging  must  be  made  to  hold 
the  brush  on  the  commutator  at  a  point 
about  halfway  between   the  main  poles, 
since  that  is  where  the  coil  side  is  when 
it    commutates,    and     the    lead    comes 
straight  out.     In  some  cases  it  might  be 
desirable  to  have  the  brush  in  this  posi- 
tion    because     of     mechanical     reasons. 
The  machine  may  be  so  constructed  that 
there  is  not  room  to  put  the  brush  in 
this  position,  that  place  may  be  incon- 
venient  for  inspection   and   replacement 
of  carbons,  or  the  brushholder  rigging 
for  that  position  may  be  more  expensive 
than     for    another    position    of    brush. 
Assume  that  it  is  found  that  the  most 
desirable  place   for  the   carbon  brushes 
is  in  line  with  the  center  of  the  main 
poles  instead  of  half  way  between.     Be- 
cause   of    commutating    conditions, _  as 
previously    given,    the    coil    with    sides 
halfway  between  main  poles  must  have 
a  lead  from  one  side  connected  to  a  bar 
under  the  brush.    Then   the  lead  must, 
to  get  this  brush  position,  have  a  throw 
reaching  from  half  way  between  poles, 
to  the  center  of  a  pole.     Due  to  the  de- 
sign   of    the    end    brackets    and    brush 
rigging  varying  on  different  motors.the 
brushes  are  placed  in  different  positions 
on  the  commutator  and  it  is  necessary 
to  connect  the  leads  in  different  ways. 

M.S.H. 

1804— Advantage  of  Partially  Closed 
Slots  — What  advantage  is  gained 
from  making  the  core  of  a  small  in- 
duction motor  with  partially  inclosed 
slots?  To  what  extent  would  the 
operation  of  the  motor  l^e  changed  by 
filing  out  the  slots  and  winding  wltJi 
taped  coils?  e.c.c.  (minn.) 


Partially  closed  slots  are  a  decided 
advantage,  from  the  standpoint  of  elec- 
trical performance,  but  are  difficult  to 
wind  and  insulate,  so  are  generally  used 
only  on  the  small  machines.  In  a  gen- 
eral way  the  output  of  a  motor  is  a 
function  of  the  current  capacity  of  the 
copper  and  the  magnetic  flux  in  the  air- 
gap.  The  flux  depends  upon  the  mag- 
netic reluctance  which  is  an  inverse 
function  of  the  tooth  tip  area.  Thus, 
the  effect  of  filing  out  the  slots  will  be 
a  smaller  tooth  tip  area  and  a  higher 
reluctance.  In  order  to  obtain  the  same 
flux  a  higher  magnetizing  current  will  be 
required,  thus  greatly  reducing  the 
power-factor  and  increasing  the  copper 
losses.  The  surface  iron  loss  due  to  the 
slot  openings  will  also  be  increased  to  a 
considerable  extent,  so  that  the  total  in- 
crease in  losses  may  cause  the  motor  to 
run  excessively  hot.  H.L.S. 

1805— Self-Starting     Synchronous 
l^IoTOR- We  took  a  90  kw,   old  style 
Westinghouse,  revolving  armature  type 
generator  marked  220D  volt,  2  phase, 
60   cycle,    720    r.p.m.,   and    installed    a 
squirrel-cage  winding  on  the  field,  by 
putting  in  lengthwise  across  the  field, 
three  slots,  and  putting  in  these  slots 
A    copper   bars,   joiningon    the    end 
with  an  end  ring,  consisting  of  %  by 
2  inch  copper  bar,— with  the  idea  of 
making    a    synchronous     self-starting 
motor,  in  order  to  start  a  belted  gen- 
erator.    With  the  construction  above, 
we     are     experiencing     considerable 
trouble  in  starting,  and  we  would  like 
to  inquire  what  means  to  take  to  in- 
crease the  starting  torque,  which  at  the 
present  time  is  not  sufficient   to  turn 
the  motor  over  light,  without  any.  belt. 
The  armature  has   a  closed  winding. 
Do  you  think  that  the  starting  torque 
can    be    increased    by    changing    this 
winding  to  series  star?        g.p.e.  (n.J.) 
The  starting  torque  of  the  motor  will 
be  increased  by  applying  a  higher  start- 
ing voltage.     This  will  increase  the  cur- 
rent during  starting  which  may  not  be 
desirable    if    it    is    fairly    high    already. 
Another  means  of  increasing  the  torque 
is    to    make    the    starting    winding    of 
higher  resistance.    This  can  be  accom- 
plished by  using  brass  in  place  of  copper 
for  the  bars  or  end  rings,  or  by  making 
the  end  rings  of  much  smaller  section. 
Such  a  change  will  probably  reduce  the 
starting  current  and  at   the   same  time 
increase  the  starting  torque.  Q-C 

,806— .\rmature  Banding  Wire— \yhat 
is  the  tensile  strength  and  composition 
of  armature  banding  wire?  What _  is 
the  strain  in  the  wire  for  narrow  size 
wires  while  banding  and  what  is  the 
method  most  frequently  used  to  obtain 
the  strain?  a.h.b.  (d.c.) 

Steel  banding  wire  may  be  of  the  hard 
grade  with  tensile  strength  of  200000 
lbs.  per  square  inch  or  more  or  it  may 
be  of  the  soft  grade  with  tensile  strength 
of  1.40000  to  iSoooo  lbs.  per  sq.  in.  The 
strain  in  the  wire  while  banding  will 
vary  with  different  applicationsbut  must 
be  below  the  true  clastic  limit  of  the 
wire.  The  strain  is  applied  to  the  wire 
cither  by  means  of  proper  spring  clamps 
or  by  passing  the  wire  around  a  stick  to 
give  the  strain  found  necessary  to  force 
the  work  into  position  and  hold  it. 
Various  methods  of  applying  this  tension 
and  the  amount  of  tension  which  is  de- 
sirable for  railway  motors  are  given  in 
"Railway  Operating  Data"  page  for 
April  1917.  p.  168.  T.D.L. 
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The  Street  Railway  Situation 

JOHN  H.  PARDEE 

President, 

American  Electric  Railway  Association 

AMONG  the  many  problems  wliich  are  now  be- 
fore the  American  people  foi  solution,  that  of  the 
electric  railways  is  not  the  least.  Here  we  have 
an  industry  which  performs  an  essential  service  for  the 
people  and  in  which  some  six  billion  dollars  of  the 
peoples  money  is  invested, 
already  in  the  breakers  and 
fast  drifting  upon  the 
rocks  of  financial  and 
physical  ruin.  It  is  evident 
that  the  wreck  cannot  be 
prevented  by  those  who 
man  the  vessel — owners 
and  managers — unassisted  ; 
that  if  the  disaster  is  to  be 
prevented  help  must  come 
from  those  upon  the  shore 
— the  public. 


John  H.  Pardee 


In  such  a  situation  two  questions  immediately  sug- 
gest theinselves,  first,  is  the  industr}'  worth  saving  and 
second,  if  so,  how  can  the  salvation  be  accomplished. 
The  matter  has  gotten  itself  far  beyond  the  point  where 
it  is  sufficient  answer  to  say  that  the  railways  are  but 
reaping  the  harvest  of  past  iniquities.  If  this  were  so — 
and  since  there  is  ample  proof  that  the  industry  as  a 
whole  has  never  charged  an  unreasonably  high  fare  or 
received  an  unreasonably  high  return,  such  a  statement 
may  well  be  disputed — it  would  not  in  the  least  settle 
the  problem,  because  from  the  public's  standpoint  the 
question  is  not  one  which  concerns  alone  the  capital  al- 
ready invested.  If  that  were  punished  to  the  point  of 
actual  confiscation,  the  problem  would  still  be  unsettled, 
since  to  furnish  the  character  and  extent  of  service 
which  the  public  requires,  a  continuous  supply  of  new 
capital  is  needed,  to  obtain  which  the  public  must  bid, 
with  the  amount  of  return  and  certainty  of  retifrn  as 
the  influencing  inducements. 

The  public  may  not,  then,  brush  aside  this  traction 
question  as  one  which  concerns  the  companies  alone, 
leaving  them  to  sink  or  swim,  as  the  hazard  of  fortune 
may  decide.  Unless  it  finds  that  electric  railway  ser- 
vice is  no  longer  essential,  it  must  work  together  with 
the  managers  to  find  a  way  out  of  the  present  threaten- 
ing situation,  because  there  is  but  one  possible  reason 
for  suggesting  that  the  day  of  usefulness  for  the  elec- 
tric railway  is  past  and  that  is  the  advent  and  develop- 
ment of  the  automobile.     But  the  fact  is  that  despite 


the  coming  of  the  motor  car,  the  electric  railway  is  still 
necessary  to  the  life  of  all  communities  of  any  size. 
The  motor  bus  can  furnish  neither  as  good  service,  as 
dependable  service  nor  as  cheap  service. 

The  development  of  our  cities  has  been  predicated 
upon  the  corresponding  and  responsive  development  of 
their  street  railway  service  and,  as  far  as  can  be  judged 
from  the  present  state  of  the  art,  there  is  nothing  to 
justify  any  prediction  that  the  motor  car  will  in  the  fu- 
ture be  able  to  take  the  place  of  the  electric  railway. 

The  conclusion  is  irresistable  that,  although  its 
functions  may  be  modified  and  the  extent  of  its  activi- 
ties limited  by  the  motor  vehicle,  the  urban  railway  (the 
interurban  problem  is  a  different  one)  must  still  be 
maintained  and  extended,  if  the  cities  of  the  United 
States  are  to  be  developed  along  the  lines  of  the  past, 
that  is  with  the  elimination  of  congestion  and  its  ac- 
companiments of  squalor,  ill  health  and  immorality. 

Before  it  is  possible  to  consider  a  remedy  for  pres- 
ent day  conditions,  it  is  desirable  to  examine  into  the 
causes  of  which  the  conditions  are  the  result.  There  is 
evidently  one  predominate  cause  that  overshadows  all 
the  others.  It  is  the  decreased  purchasing  power  of 
the  fare  received.  According  to  the  best  informed 
economists,  it  is  half  what  it  was  in  1914  and  one  third 
of  what  it  was  in  1896.  If  it  could  at  once  be  restored 
to  what  it  was  at  the  earlier  of  these  dates,  the  electric 
railway  problem,  that  is  the  question  of  averting  actual 
ruin,  would  at  once  dissolve.  No  such  solution  how- 
ever, is,  possible.  The  permanency  of  the  present  price 
level  seems  to  be  assured.  Government  banking  and 
business  agencies  have  accepted  it  and  are  busy  at  the 
work  of  readjusting  their  activities  to  meet  the  new 
conditions. 

Primarily  the  task  confronting  the  electric  railways 
and  the  public  interested  in  their  activities  is  similarly 
to  readjust  their  conditions.  In  this  case,  however, 
there  have  been  interjected  into  the  readjustment  com- 
plexities and  difficulties  from  which  business  other  than 
under  public  control  is  free.  These  arise  in  the  first  in- 
stance from  the  fact  that  the  industry  is  engaged  in  the 
most  difficult  of  all  public  services.  All  other  functions 
performed  directly  by  the  communities  or  delegated  to 
private  agencies  are  simple  and  easy  of  performance 
compared  to  it.  Perfect  and  perhaps  even  universally 
satisfactory  service  is  not,  and  from  the  very  nature  of 
things,  cannot  be  given.  To  the  mind  of  the  individual, 
local  transportation  service  will  be  entirely  satisfactory 
only  when  it  is  prepared  to  transport  him  from  the 
place  where  he  is  to  the  place  where  he  wishes  to  be, 
at  such  times  and  in  such  a  wav  .ts  he  mav  desire.     The 
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amount  and  character  of  service  demanded  is  constantly 
changing,  so  tlaat  it  is  obviously  impossible  under  any 
circumstances,  to  meet  these  demands  fully  and,  as  a 
consequence,  no  matter  how  good,  compared  to  reason- 
able stajidards,  the  service  furnished  may  be,  a  large 
enough  portion  of  any  community  is  always  dissatisfied 
to  keep  the  street  railway  situation  in  a  turmoil,  to  fur- 
nish fruitful  soil  for  agitation  and  to  create  advocates 
for  any  suggested  plan  for  improvement  or  theories  of 
control  and  regulation.  With  other  utilities,  the  estab- 
lishment of  satisfactorj'  standards  of  service  is  entirely 
feasible.  With  the  street  railways  it  is  not,  and  so 
street  railways  are  under  constant  attack,  in  which  every 
weapon,  past  sins  and  present  delinquencies  are  seized 
upon  to  smite  them. 

There  are  three  chief  factors  in  the  problem  of 
readjustment  which  faces  the  industry;  the  new  price 
level,  labor  and  the  competition  of  the  automobile.  If 
the  enterprise  is  to  continue  without  public  subsidy, 
fares  must  be  increased  to  meet  the  new  costs;  some 
satisfactory  arrangement  must  be  made  with  labor  so 
as  to  eliminate  strikes,  insure  efficient  service  on  the 
part  of  employes  and  provide  fair  but  not  exorbitant 
wages,  and  the  functions  performed  by  the  traction 
companies  readjusted  witfe  a  view  to  the  part  played  in 
local  transportation  by  the  privately-owned  automobile. 

None  of  these  things  can  be  brought  about  without 
public  co-operation  and  the  task  which  confronts  the 
industry  today  is,  as  I  view  it,  to  obtain  this  co-oper- 
ation. The  appointment  of  the  President's  Commission 
on  Electric  Railways  is  a  tremendous  step  forward  and 
is  altogether  the  most  helpful  thing  that  could  have 
happened  in  the  present  crisis.  This  Commission,  re- 
moved from  local  influences  and  local  prejudices  has 
heard  more  than  lOO  witnesses  from  all  parts  of  the 
United  States  and  representing  all  of  the  various  in- 
terests affected.  Through  its  proceedings  widespread 
publicity  has  been  given  to  the  sitjuation  and  the  public 
all  over  the  country  has  been  awakened  to  the  fact  that 
the  difficulties  with  which  the  local  companies  are  con; 
fronted  are  not  peculiar  to  any  particular  locality  but 
are  simply  a  localized  manifestation  of  a  nation-wide 
crisis.  Moreover,  and  this  is  the  most  important  ac- 
complishment, editorial  comment,  of  which  there  has 
been  a  large  amount,  indicates  a  veiy  much  better  un- 
derstanding, both  of  the  prevailing  conditions  and  of 
the  underlying  principles  that  should  govern  the  rela- 
tions between  communities  and  transportation  utilities. 

That  these  are  after  all  much  simpler  than  might 
be  imagined  can  be  judged  from  the  singular  unanimity 
of  opinion  expressed  by  the  witnesses  before  the  Com- 
mission. These  included  ardent  advocates  of  public 
ownership,  of  i)ublic  subsidy,  of  control  and  regulation 
by  State  Commissions  and  directly  by  the  communities, 
of  zone  fares  and  of  flat  fares  and  of  motor  bus  trans- 
portation, but  it  is  not  too  much  to  say  that  all,  or  nearly 
all,  would  subscribe  to  the  following  statements  as  em- 
bodying their  basic  ideas  of  the  relations  that  should 
exist : — 


I- — That  private  enterprise  engaged  in  the  business  of 
local  transportation  is  acting  as  the  agent  of  the  public  is 
performing  a  public  ser\-ice. 

2 — That  if  it  is  to  continue  to  perform  such  service  it 
must  receive  such  a  return  as  will  attract  a  continuous  flow 
of  new  capital. 

3 — That  such  a  return  should  be  as  regulated  by  the 
cost  of  money ;  i.  e.,  that  it  sheuld  be  high  enough  to  insure 
new  capital  and  no  higher. 

4 — That  to  provide  at  all  times  such  a  return,  fares 
should  be  flexible  so  as  to  respond  to  the  variations  in  the 
cost  of  providing  the  service. 

5 — That  with  return  limited  and  assured,  taxes,  imposts 
and  other  burdens  assessed  against  traction  companies  are 
in  fact  levied  against  the  car  rider  and  should  be  adjusted 
on  a  basis  of  equity  and  justice  as  between  the  car  rider 
and  the  taxpayer. 

6 — That  the  co-operation  of  the  public  in  all  measures 
looking  towards  economy  in  operation  is  necessary  to  cheap 
and  efiicient  service. 

7 — That  as  a  preliminaiy  to  any  permanent  plan  of  re- 
adjustment, a  determination  by  a  competent  tribunal  of  the 
amount  upon  which  a  return  shall  be  allowed  to  the  owners 
of  the  private  enterprise  is  necessary. 

The  question  of  public  ownership  does  not  enter 
into  this  recital  of  principles.  Discussion  of  its  merits 
would,  for  a  large  part  of  the  country  be  entirely 
academic.  With  no  American  experience  to  serve  as  a 
guide  and  with  widely  different  conditions  in  countries 
where  it  is  in  vogue,  the  merits  of  public  ownership  of 
traction  systems  in  the  United  States  is  largely  a  matter 
of  pure  speculation.  Moreover,  it  appears  that  only  a 
comparatively  few  communities  are  in  a  financial  or 
legal  position  to  own  and  operate  their  utilities  and  that 
in  fewer  still  is  there  any  public  sentiment  for  public 
ownership,  so  that  as  a  cure  for  the  present  acute  ma- 
lady that  confronts  the  industry  public  ownership  offers 
no  relief. 

We  can  expect  from  the  report  of  the  President's 
Commission  a  clarification  of  the  electric  railway  situa- 
tion. As  a  guide  both  to  the  communities  and  the  com- 
panies in  their  study  of  local  conditions  it  will  be  of  the 
greatest  possible  value.  Underlying  principles  can  be 
set  forth  that  will  materially  assist  and  I  have  faith 
that  the  dawn  of  a  new  day  for  the  industry  is  upon  us. 
The  Commission  is  unusually  fair  and  unusually  able. 
It  represents  first  of  all  the  public,  the  interest  of  which 
is  the  largest,  and  then  it  represents  the  local  communi- 
ties, labor,  investors  and  operators.  A  unanimous  re- 
port from  such  a  commission  will  not  only  carry  weight 
with  the  public,  but  will  be  proof  that  the  interests  in- 
volved are  not  so  divergent  that  they  cannot  get  to- 
gether on  a  common  ground  for  the  comiuon  good. 


The  Stability  of  the  Electric  Street 
Railway  Industry 

\V.  S.  RUGG 

Manager,  Railway  Dcpt., 

VVestinghouse  Electric  &  Mfg.  Co. 

IT  IS  PROPER  to  apply  the  word  "industry"  to  the 
street  railway  business.  An  industry  is  any  branch 
or  department  of  art,  occupation  or  business  em- 
ploying large  labor  and  capital.  The  present  use  of  the 
word  caine  naturally  from  the  meaning  of  the  simple 
noun,  which  means  diligence,  assiduity,  perseverance, 
activitv.     These  exactlv  describe  the  life  of  any  true 
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industry.  We  must  all  admit  that  to  make  a  success  of 
the  street  railway  industr}'  requires  the  application  of 
these  qualities  to  a  very  high  degree.  An  industry  to 
be  a  true  industry,  must  be  stable.  Stability  is  the 
quality  of  being  firmly  established.  From  the  stand- 
point of  stability  are  we  justified  in  calling  the  electric 
railway  business  an  industry? 

The  industr)'  is  so  large,  is  so  much  in  evidence 
in  our  daily  life,  that  it  appears  to  be  a  stable  one.  It 
has  capital  invested  to  the  amount  of  at  least 
$6000000000;  it  has  nearly  300000  employees;  it  op- 
erates nearly  100  000  motor  cars,  and  probably  directly 
serves  more  than  one-half  of  our  whole  population. 
There  are  many  indications,  however,  that  it  is  not,  nor 
ever  has  been,  truly  stabilized.  Money  has  been  made 
in  it  and  by  it,  but  making  money  in  itself  does  not 
constitute  stability.  Something  more  is  needed.  The 
main  characteristics  of  a  stable  industry  may  be  included 
under  four  subjects;  namely: — 

I — Sufficient  capital  and  well-established  and  continu- 
ous sources  of  additional  capital. 

2 — Sufficient    number    of    skilled    and    contented    em- 
ployees. 

3 — A  sufficient  number  of  satisfied  customers. 
4 — Men  guiding  its  activities  who  have  a  proper  con- 
ception of  the  above  and  are  willing  and  able  to  correlate 
the  three  elements. 

Without  discussing  the  above  points  in  detail,  the 
following  general  remarks  may  help  to  a  clearer  under- 
standing of  what  is  now  taking  place  in  this  industry, 
in  which  we  are  all  so  vitally  interested.  It  has  seemed 
to  many  that  the  street  railway  industry  would  be  over- 
thrown and  would  perhaps  disappear.  Some  have 
thought  and  said  that  the  day  of  the  electric  street  rail- 
way was  over,  that  other  means  of  transportation  of 
people  in  our  cities  would  replace  the  electric  railway. 
The  industry  has  been  in  such  a  condition  that  it  has 
been  difficult  to  maintain  a  proper  perspective.  Many 
men  in  the  industry  have  lost  their  proper  point  of  view. 
They  are  discouraged  and  do  not  realize  the  possibilities 
of  the  industry  if  it  could  function  under  the  proper 
conditions.  The  success  of  the  industry  in  the  future 
will  depend  largely  on  those  engaged  in  it  having  a 
proper  perspective  of  the  industr>',  and  a  faith  in  its 
usefulness,  possibilities  and  stability.  If  we  feel  that 
our  business  is  fundamentally  a  failure  and  does  not 
fit  its  environment,  we  will  lose  interest  and  the  industi  y 
will  fail.  The  industry  will  be  improved  and  main- 
tained in  an  improving  condition  only  by  men  who  be- 
lieve in  it  and  who  have  not  lost  their  interest,  and  men 
who  have  faith  in  their  own  work  and  the  possibilities 
of  their  own  industry. 

So  far,  the  street  railway  industry  has  never  been 
a  truly  stabilized  business.  No  business  is  stabilized 
until  all  parties  connected  with  it  and  served  by  it — 
capital,  labor,  officers  and  public — realize  and  see  the 
fundamental  relationship  of  that  business  to  its  environ- 
ment. The  history  of  most  businesses  is  very  similar. 
First  the  pioneer  and  exploiter  conceive  a  business  and 
operate  it  for  some  time.     They  often  have  very  con- 


siderable success,  from  a  money-making  standpoint. 
The  point  of  view  of  the  pioneer  and  exploiter  is  to 
charge  all  the  traffic  will  bear  and  do  as  little  as  possible 
in  return,  and  he  has  no  true  conception  of  a  real  bus- 
iness. Their  point  of  view  does  not  contain  the  ele- 
ments of  true  success  and  stability.  The  opportunities 
for  so  handling  a  business  go  by  and  a  sense  of  the  ob- 
ligations of  the  industi-y  to  its  customers  finally  reach 
those  in  charge — then  only  is  begun  to  be  developed  th; 
true  place  of  the  business  in  the  general  activity  of  the 
country;  then  comes  true  success  and  stability. 

The  sub- foundation  of  a  successful  business  lies  in 
a  group  of  satisfied  customers.  We  need  plants,  we  need 
capital,  we  need  men,  but  these  do  not  make  a  business. 
We  have  a  business  that  is  a  real  one,  a  successful  one, 
and  a  stable  one,  only  when  it  is  serving  satisfied  custo- 
mers. This  group  of  satisfied  customers  is  the  real 
foundation  of  an  industry.  The  whole  industry  is  built 
up  on  the  goodwill  of  those  whom  it  serves,  for  from 
them  come  the  revenues  which  keep  the  whole  industry 
running.  They  are  the  source  of  all  of  the  life  blood  of 
the  industry.  The  whole  reason  for  the  industry  is  to 
serve  them,  and  in  serving  lies  its  ti^ue  success. 

It  is  apparent  thus  that  the  electric  railway  business 
has  never  been  truly  stabilized.  What  evidence  is  there 
that  it  can  and  will  become  stabilized? 

I — It  has  a  large  amount  of  invested  capital  and 
employs  large  numbers  of  men,  and  should  be,  there- 
fore, a  true  industry. 

2^It  is  national  in  character,  operating  in  nearly 
all  communities  throughout  the  whole  country.  It  is 
neither  North,  South,  East  nor  West ;  it  is  found  every- 
where. 

3 — It  is  a  vital  part  of  the  everyday  life  and  activity 
of  these  communities.  A  city  cannot  function,  grow, 
develop,  carry  on  its  church,  school  or  industrial  life 
successfully  without  adequate  and  liberal  transporta- 
tion. All  of  these  people  are  vitally  interested  in  the 
railway  business.  This  is  due  to  a  greater  extent  in 
this  industry  than  in  almost  any  otl)er— it  is  a  vital  part 
of  our  daily  life. 

4 — There  is  no  known  means  of  transporting 
large  numbers  of  people  on  our  streets  as  cheaply,  as 
rapidly  and  as  comfortably  as  does  the  electric  street 
railway.  Other  means  have  their  places,  but  on  the 
average  none  of  them  can  compete  with  the  electric 
railway.  The  bus,  the  truck,  .the  pleasure  car,  the  hor.se 
and  the  wheelbarrow  all  have  their  places  in  transporta- 
tion, but  no  one  can  conceive  any  of  them  taking  the 
place  of  the  electric  railway. 

5 — To  anyone  in  touch  with  the  undercurrents  of 
the  electric  railway  industry  it  is  apparent  that  they  are 
beginning  to  realize  the  above  to  n  greater  extent  than 
ever  before.  The  industry  is  entering  upon  a  stage  of 
being  stabilized.  The  people,  who  are  the  customers, 
are  seeing  that  the  railway  is  their  concern  and  they  are 
coming  forward  with  help  and  interest.  The  operators 
are  making  their  real  object  in  life  the  service  to  the 
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public.  Capital,  seeing  the  people  and  the  operators 
getting  together,  is  coming  to  see  that  the  business  is 
capable  of  being  stabilized,  and  it  will,  therefore,  be  a 
reliable  and  safe  field  for  investment.  There  is  a 
spirit  of  understanding  and  a  feeling  of  helpfulness 
growing  every  day  between  the  operators,  the  public 
and  their  representatives,  and  capital.  When  this  is 
fully  developed  then  will  come  the  time  when  we  can 
all  take  a  pride  in  the  railway  business  and  it  will  be  a 
stable  field  for  the  activities  of  the  employees,  the  in- 
vestment of  capital,  and  the  public  will  be  satisfied  with 
the  service. 

I  have  just  had  the  pleasure  of,  and  have  derived 
great  profit  from,  reading  the  proofs  of  some  of  the 
articles  appearing  in  this  issue  of  the  Journal.  These 
seem  to  be  the  most  hopeful  that  I  have  run  across. 
They  merit  very  careful  reading  by  all.  I  refer  to  the 
contribution  written  by  Messrs.  J.  H.  Pardee,  Theodoie 
P.  Shonts,  L.  S.  Storrs,  A.  W.  Thompson,  Calvert 
Townley,  Thos.  S.  Wheelwright,  Luke  C.  Bradley, 
A.  M.  Lynn,  B.  E.  Tilton,  F.  W.  Hild,  N.  W.  Storer, 
F.  G.  Buffee,  Edwin  Gruhl  and  E.  D.  Dreyfus.  These 
articles  were  written  by  six  presidents,  one  vice 
president,  two  assistants  to  president,  two  district  mana- 
gers, two  general  managers  and  one  superintendent. 
These  are  surely  representative  men  of  the  electric  rail- 
way industry.  Their  thoughts  certainly  reflect  the  spirit 
which  is  abroad  in  the  industry.  After  reading  them  let 
us  ask  the  questions — How  do  they  feel  ?  What  spirit  in- 
spires them?  Have  they  courage?  Are  they  looking 
forward  and  not  backward?  No  one  can  read  these 
most  valuable  articles  without  realizing  that  here  are 
men  who  are  not  discouraged;  heie  are  men  who  are 
hopeful— who  see  the  possibilities  in  the  industry.  It 
is  most  significant  that  running  through  all  they  have 
to  say  is  the  idea  of  better  service  to  the  public.  This 
means  that  the  industiy  is  on  its  way  to  the  position  of 
having  satisfied  customers — the  true  basis  of  a  sic'^K^ 
business. 


Public    Understanding,     Consideration 

and  Appreciation  Necessary _for 

a  Solution  of  the  Electric 

Railway  Problem 

LUCIUS  S.  STORRS 

President, 

The  Connecticut  Company 

THERE  can  be  no  permanent  "solution"  of  the 
electric  railway  problem  in  the  United  States  (or 
elsewhere)  without  a  realization  by  the  public 
that  the  problems  of  the  industry  are  the  problems  of 
the  public.  To  bring  about  this  realization  is  the  first 
duty  of  the  industry,  and  gratifying  progress  is  being 
made  in  that  direction.  Transportation  is  as  necessary 
for  the  maintenance  of  life  as  air  and  water.  Make  it 
impossible  to  transport  commodities  from  one  place  to 
another,  and  you  make  it  impossible  for  humanity  today 
to  exist.     Make  it  impossible  or  extraordinarily  diffi- 


cult, to  transport  individuals  from  one  place  to  another, 
and  you  check  human  progress.  Obversely,  make  it 
easy  to  ship  goods  and  you  improve  the  condition  of 
mankind,  you  create  business  and  contribute  to  the 
public's  comfort;  make  it  easy  to  transport  individuals 
from  place  to  place  and  you  provide  a  means  of  making 
people  contented,  happy  and  progressive,  and  you  ad- 
vance civilization. 

Conditions  have  come  about  that  make  it  extra- 
ordinarily difficult  for  electric  railways  to  transport  in- 
dividuals froin  place  to  place.  \i  these  conditions 
were  to  become  permanent,  there  could  be  no  quest'on 
about  the  resultant  demoralization  of  human  existence. 
"Man  cannot  live  by  himself  alone,"  has  a  practical 
business  application  as  well  as  a  spiritual  one,  and  when 
conditions  are  allowed  to  remain  that  tend  to  isolate 
him  from  his  fellow  creatures,  he  slips  toward  decad- 
ence. 

The  reasons  for  the  present  day  condition  of  the 
electric  railways  are  many,  and  vary  according  to  local 
conditions  on  the  different  properties,  but  there  is  one 
fundamental  cause — the  unwillingness  of  the  public  to 
consider  the  problems  of  the  railways  in  the  same  rea- 
sonable manner  in  which  the  individual  considers  his 
own  affairs.  This  unwillingness  to  act  is  not  due  to 
any  inherent  unfairness  in  human  nature,  but  instead  is 
due  largely  to  the  public's  lack  of  understanding  of 
public  service  corporation  problems.  In  the  past  there 
were  financial  operations  that  made  the  people  skep- 
tical as  to  the  honesty  of  purpose  of  some  public  utility 
operators.  The  demagog  long  has  been  abroad  in  the 
land,  and  the  deinagog  has  used  the  sins  of  some  few- 
operators  of  bygone  days  as  a  text  for  the  condemna- 
tion of  practically  everybody  engaged  in  public  service. 
Certain  persons  have  found  profit  and  personal  ad- 
vancement by  attacks  on  the  utilities,  and  their  utter- 
ances have  found  ready  applause  and  belief.  The 
utilities  in  the  past  earned  dividends,  and  if  they  do  not 
earn  dividends  today,  well,  "good  enough  for  them," 
say  the  people  who  have  been  told  that  they  were 
mulcted  in  the  past.  The  demagogic  politician  has  ac- 
cess to  the  public  prints  and  has  the  ear  of  the  plain 
people  because  he  wears  the  heroic  garb  of  one  seeking 
to  save  the  innocent  from  ruthless  exploitation,  while 
the  plain,  truthful,  matter  of  fact  statements  of  those 
serving  the  people  with  the  utilities  have  often  been  re- 
garded with  suspicion  and  distrust. 

Reiteration  of  truth  must  in  time  convince  the 
people  that  those  who  would  serve  them  best  are  not 
the  self-seeking  demagogs  who  shout  so  loudly  from  the 
housetops.  The  American  people  are  inherently  fair 
minded,  but  must  "be  shown."  It  is  the  duty  of  the 
utilities  to  show  them  that  conditions,  among  the  elec- 
tric railways,  at  least,  are  such  that  if  relief  does  not 
come  soon  this  great  industry  will  be  so  seriously 
crippled  that  great  public  suffering  will  follow.  The 
l)eopIe  are,  I  believe,  gradually  coming  to  the  realiza- 
tion that  the  electric  railway  problem  is  a  great  civic 
and  coniniunity  problem,  which  must  be  considered  in 
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all  fairness.  Blind  prejudice  must  give  way  before  the 
light  of  truth.  Ignorant  and  malicious  opposition  must 
fall  before  intelligent  and  frank  presentation  of  fact. 

Meanwhile  the  utilities  cannot  sit  idly  by  and  "hope 
for  the  best."  They  must  be  up  and  about,  spreadmg 
the  truth  where  all  can  find  it.  To  bemoan  misfortune 
never  won  relief  for  anyone,  and  too  persistent  mourn- 
ing destroys  rather  than  creates  sympathy.  The  day  of 
mourning  in  this  industry  is  passed.  The  time  of  re- 
construction is  at  hand.  Let  us  state  our  condition  and 
our  problem  to  the  public  in  terms  that  the  people  can- 
not misunderstand;  let  us  show  them  that  our  cost  of 
living  has  gone  up  in  proportion  to  their  own ;  let  us 
show  them  that  we  ask  nothing  to  which  we  are  not  en- 
titled and  which  they,  as  fair  men  and  women,  are  not 
willing  we  should  receive.  The  means  by  which  we 
shall  win  public  co-operation  may  be  various,  but  what- 
ever they  be,  their  foundation  must  be  frankness,  truth, 
common  sense  and  a  genuine  desire  to  serve. 


City  Traction  Problems 

A.  W.  THOMPSON 

President, 

The   Philadelphia   Company,   Pittsburgh 

ELECTRIC  traction  lines  in  this  country  are  going 
through  their  darkest  hour.  The  process  of 
solving  their  difficulties  has  already  begun,  and 
this  in  itself  is  worth  much  to  the  industry.  It  is  in- 
conceivable that  an  effort  conscientiously  undertaken 
and  earnestly  carried  on  will  not  bear  fruit.  Public 
opinion  and  attention  is  being  engaged  from  which  a 
real  sentiment  can  grow. 

A  public  service  company  exists  only  to  serve  the 
public  and  can  exist  only  when  it  serves  the  public. 
Rendering  a  public  service  requires  an  adequate  prop- 
erty to  give  adequate  service  and  a  continuous  adequate 
return  to  furnish  that  service  and  insure  its  continu- 
ance. The  basic  conception  in  the  development  of  a 
public  service  is  the  public,  a  sufficient  population  exist- 
ing or  likely  to  exist  in  the  near  future  to  justify  the 
construction  of  the  utility.  This  justification  must  be 
the  assured  prospect  of  the  utility,  supporting  and  pay- 
ing for  its  operation  at  once  or  in  the  very  early  future. 
The  whole  being  of  a  public  service  begins  with  the 
public  and  its  continuance  at  all  times  is  based  on  the 
public. 

An  analysis  of  the  public  develops  several  distinct 
categories ;  the  investor,  the  management,  the  employes 
to  produce  the  service,  the  people  of  the  community  or 
communities  as  a  whole,  collectively,  with  their  resi- 
dences, offices,  stores,  shops,  factories,  mills,  theatres, 
amusement  places,  parks,  etc.,  producing  the  need  for 
the  service,  and  the  patron  or  customer — the  rider  in  the 
case  of  an  electric  railway — for  whom  the  service  is 
produced. 

The  point  to  be  kept  in  mind  is  that  while  an  elec- 
tric railway  enters  directly  into  the  every  day  life  of  ?. 
majority  of  the  residents  of  a  community,  it  also  enters 
as  directly  into  almost  every  activity  conducted  in  the 


community.  This  intimacy  of  street  car  riding  with 
our  modern  city  life  is  sharply  brought  home  to  all  at 
the  time  of  a  traction  strike. 

The  commutual  aspect  was  early  recognized  by 
local  legislative  bodies  in  their  franchise  enactments  and 
in  imposing  various  obligations  on  the  street  railways, 
such  as  street  paving  requirements,  street  cleaning  as- 
sessments, park  taxes,  etc.,  and  was  further  recognized 
in  the  state  public  service  bodies.  The  public  through 
its  duly  authorized  representatives  bestowed  on  the  trac- 
tion companies  more  or  less  circumscribed  monopolies, 
and  it  was  deemed  proper  to  secure  something  in  return 
for  the  franchise. 

In  the  days  of  horse  cars,  the  animals  wore  ruts  in 
the  paving  and  littered  the  streets,  so  that  paving  and 
street  cleaning  assessment,  if  properly  imposed,  could 
not  be  considered  unreasonable.  Then,  too,  it  was  sup- 
posed, with  the  convenient  transit  for  those  days,  thrit 
people  would  flock  to  the  public  parks,  and  that  the  rail- 
ways should  bear  a  part  of  their  upkeep;  hence  the 
park  tax. 

With  the  development  of  the  electric  car  from  the 
horse  car,  and  latterly  the  development  of  the  auto- 
mobile, conditions  have  considerably  changed.  The 
electric  car  neither  wears  ruts  in  the  pavements  nor 
litters  the  streets.  The  advent  of  the  automobile  has 
considerably  increased  the  expense  of  amply  maintain- 
ing the  parks.  Yet  the  car  rider  still  has  to  pay  for 
these  things  when  the  modern  service  provided  for  him 
has  no  relation  to  them  whatever. 

When,  with  too  many  electric  railways  it  is  not  a 
question  of  returns  on  the  property  investment  but  the 
absolutely  vital  ones  of  operating  expenses  and  sufficier.t 
maintenance,  it  would  seem  that  the  whole  field  of  the 
relations  of  railways  with  the  public  should  be  opened 
for  discussion  and  carefully  studied,  for  it  cannot  be 
denied  that  the  usual  life  of  many  communities  wou'd 
be  seriously  embarrassed,  if  not  stopped,  were  their 
street  railways  to  give  poorer  or  lessened  service  or  to 
cease  operations  permanently. 

Lasting  improvement  in  traction  affairs  calls  for 
all  parties  to  approach  the  problem  with  open  minds, 
and  for  a  determination  to  be  fair,  with  an  appreciation 
both  of  what  the  communities  have  done  for  their  rail- 
ways and  the  railways  for  the  communities,  the  absolute 
necessity  of  each  for  the  other  and  their  positive  mutual 
interdependence;  that  each  may  effect  and  enjoy  the 
confidence  of  the  other. 

Unfortunately,  we  have  not  yet  reached  that  mil- 
lenial  time  when  an  individual  or  a  body  of  individuals 
will  work  for  the  benefit  of  others  without  remunera- 
tion. It  is  incumbent  that  neither  the  community,  the 
worker  nor  the  property  be  starved,  that  the  railways 
work  under  fair  contracts  with  their  communities — con- 
tracts that  will  insure  adequate  returns  on  the  moneys 
invested,  provide  incentives  for  improving  the  service 
and  reward  the  companies  for  reducing  the  fares. 

The  necessitv  for  efficiency  and  adequate  traction 
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service  in  every  city  is  s©  great  that  it  is  inconceivable 
that  this  important  phase  of  our  social  life  will  not  re- 
ceive sufficient  attention  in  the  near  future  to  protect 
the  public  properly  in  all  of  its  phases.  At  the  present 
time,  many  are  not  taking  the  interest  in  this  public 
problem  that  they  ordinarily  would  because  of  the 
thought  that  the  importance  of  the  subject  will  demand 
such  attention  as  will  place  the  traction  lines  on  a 
proper  basis.  The  attitude  of  Public  Sei-vice  Com- 
missions as  a  whole  is  such  as  to  warrant  the  feeling  on 
the  part  of  all  financially  and  otherwise  interested  in 
traction  companies,  that  with  the  splendid  help  of  the 
Commission  the  problems  will  undoubtedly  be  worked 
out  much  earlier  than  would  otherwise  be  the  case.  It 
is  also  true  that  municipalities  are  studying  this  traction 
problem  with  a  view  of  arriving  at  an  early  solution. 
The  various  traction  properties  that  are  now  undergoing 
the  process  of  valuation,  or  on  which  valuation  has  been 
determined,  are  fortunate  in  that  the  bugaboo  of  watered 
stock,  etc.,  has  been  or  will  be  eliminated. 

It  is  said  in  some  communities  that  "jitney"  or 
omnibus  service  will  substitute  the  traction  lines.  Ex- 
cept for  short-haul  distances  and  for  some  shuttle  ser- 
vice, the  idea  of  omnibus  lines  supplanting  the  traction 
lines  surely  is  not  to  be  given  very  serious  consideration, 
keeping  in  mind,  of  course,  the  cost  of  service.  With 
a  better  understanding  of  these  matters  by  the  public, 
which  in  the  past  has  not  been  possible,  either  through 
lack  of  proper  methods  on  the  part  of  the  traction  com- 
panies or  indifference  on  the  part  of  the  public,  these 
traction  problems  will  be  greatly  simplified. 

Co-operation  between  the  traction  companies,  the 
municipalities  and  communities,  with  sympathy  and 
understanding  between  them  all,  will  only  work  out  to 
advantage  to  nil  concerned  these  transit  problems  so 
vital  to  the  social  structure  of  society  and  urban  life. 
The  intelligent  working  out  of  these  problems  will  tend 
to  produce  greater  incentive  for  cheapening  the  cost  of 
operation  through  various  methods  of  operation  and 
maintenance.  The  whole  field  of  the  traction  activities 
looks  encouraging. 


Inherent  Defects  and  Future  Sphere  of 
Usefulness  of  Electric  Traction 

EDWIN  GRUHL 

Assistant  to  President, 

The  North  American  Company 

PUBLIC  opinion  of  the  street  railway  problem  is 
entering  a  new  phase.  Public  apathy,  faultfind- 
ing, indignation  and  finally  alarm  are  being  suc- 
ceeded by  an  aroused  public  conviction  of  the  neces- 
sity of  street  railway  transportation.  New  York, 
Chicago  and  scores  of  other  cities  have  passed  through 
a  temporary  paralysis  that  has  cost  the  community  more 
in  one  day  than  it  has  paid  for  such  service  during  the 
entire  year.  Underpaid  labor,  ruined  credit  and  a 
frayed  political  issue  have  forced  the  crisis.  Hints  of 
labor  troubles,  announcement  of  receiverships  and  the 
usual  political  interviews  were  third  page  stuff.     Even 


front  page  headlines  were  not  necessary  when  the  works 
shut  down.  Public  opinion,  so  busy  with  other  weighty 
problems,  has  hitherto  given  the  street  railway  problem 
little  thought.  It  has  admired  the  literary  effort  of  edu- 
cational publicity ;  it  has  wondered  at  the  occasional  row 
of  public  officials  and  traction  officials  in  the  news;  it 
has  grumbled  at  the  service,  just  as  it  grumbles  at  the 
many  petty  inconveniences  that  mar  the  harmony  of 
daily  life.  But  public  opinion  aroused  will  not  tolerate 
conditions  that  threaten  a  cessation  of  transportation 
service.  The  problem  must  be  settled.  It  may  mean 
higher  fares.  It  may  mean  public  subsidy.  It  may 
mean  public  ownership.  The  opinion  is  unanimous 
that  present  conditions  cannot  continue. 

The  situation  in  which  the  street  railways  find 
themselves  has  not  been  brought  on  by  the  war.  It  is 
not  an  incident  of  reconstruction.  It  has  been  a 
gradual  development.  The  growth  of  cities  has  re- 
sulted in  longer  hauls.  The  increase  in  standards  of 
living  has  resulted  in  suburban  development  and  the 
demand  for  non-paying  extensions  and  more  rapid 
transit.  Community  habits  have  resulted  in  increased 
demands  for  service  during  the  morning  and  evening 
rush  hours.  Year  after  year  the  load  has  become  more 
peaky  and  the  facilities  given  less  constant  use.  With 
fixed  fares  the  business  was  certain  to  be  one  of 
diminishing  returns.  These  tendencies  have  been  com- 
mented upon  by  students  of  the  traction  problem  years 
before  the  war.  The  war  has  merely  accelerated  the 
process.  Diversity  of  business  hours  and  timely  re- 
strictions on  the  height  of  buildings  might  have  re- 
lieved the  pressure  and  retarded  the  congestion.  Zone 
systems  of  fares  might  have  resulted  in  some  closer 
relation  of  revenues  collected  and  cost  of  service.  The 
downward  tendency  however  has  continued  unchecked. 

In  addition  to  these  inevitable  tendencies,  the  era 
of  high  prices  has  brought  further  dif^culties.  The 
decrease  in  the  purchasing  power  of  the  nickel  has 
necessitated  a  proportionate  increase  in  rates  of  fare 
for  the  same  service.  Unfortunately  higher  prices  for 
an  identical  product  result  in  reduced  patronage.  The 
great  burst  of  free  spending  is  for  higher  grade  com- 
modities. The  public  will  cheerfully  pay  three  times  as 
much  for  a  rubber-tired-ride  but  will  begrudge  an  ad- 
ditional few  cents  for  a  street  care  fare.  The  average 
American  very  readily  adjusts  his  standard  of  living  to 
choice  cuts,  mineral  waters  and  silk  hose,  if  he  has  the 
means  to  do  so.  A  reaction  from  this  tendency  may  be 
expected  when  rising  prices  reach  their  new  permanent 
level  and  all  commodities  are  uniformly  revalued  on  the 
basis  of  purchasing  power. 

It  does  not  follow,  because  of  longer  hauls, 
poorer  load  factor  and  decreased  patronage,  that  the 
traction  business  has  no  economic  justification  for  con- 
tinuing in  business.  The  gain  from  transportation 
service  has  been  a  social  one  reflected  in  the  increment 
in  realty  values.  No  other  single  factor  has  con- 
tributed so  greatly  to  city  growth  as  local  transporta- 
tion service.     Nor  is  it  at  all  probable  that  the  street 
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railway  will  be  superseded  by  other  forms  of  trans- 
portation service  such  as  the  automobile.  Economy  of 
space,  of  labor  and  of  motive  power  all  contribute  to 
make  the  electric  railway  the  cheapest  form  of  trans- 
portation service. 

The  problem  now  pressing  for  solution,  then,  is  not 
fundamentally  one  of  improved  public  relations  or  re- 
habilitated credit  or  financial  reorganization  or  fran- 
chises. These  are  incidental.  The  problem  is  one  of 
city  planning — a  mutual  problem  for  both  public  offi- 
cials and  traction  companies.  To  be  as  essential  to  city 
growth  and  prosperity  in  the  future  as  it  has  been  in  the 
past,  we  must  reconstruct  many  of  our  ideas  as  to  the 
function  of  a  street  railway.  Electric  package  express, 
freight,  the  haulage  of  ashes,  garbage  and  building  ma- 
terials would  relieve  congestion,  minimize  wear  on  pav- 
ing and  provide  the  most  economical  form  of  intra- 
city  distribution.  It  would  provide  the  maximum  use 
of  existing  facilities.  Properly  co-ordinated  by 
schedule — freight  being  moved  in  non  peak  hours — it 
would  result  in  the  maximum  traffic  development.  It 
would  materially  expand  the  areas  devoted  to  industry. 
It  could  be  supplemented  by  pick-up  and  delivery  truck 
service  and  by  additional  motor  service  at  outskirts 
where  traffic  density  does  not  justify  the  laying  of  rails. 
Such  a  plan  assumes  the  co-ordination  of  real  estate 
zoning  plans  and  traffic  plans  and  a  definite  city  policy 
for  community  growth.  It  assumes  moreover  a  definite 
program  of  regulation  of  vehicular  traffic  in  the  interest 
of  rapid  movement  and  elimination  of  congestion. 

With  such  an  enlarged  sphere  of  usefulness,  the 
economic  aspects  of  the  business  would  be  materially 
changed.  Tariffs  and  charges  could  be  designed  to 
promote  the  maximum  traffic  and  the  necessity  of  public 
subsidy,  either  under  private  or  public  ownership  would 
be  minimized. 


The  Future  Outlook  for  Large  Urban 
Electric  Railways 

F.  G.  BUFFE 

General  Manager, 

The  Kansas  City  Railways  Company 

IT  does  not  signify  much  to  say  that  the  future  out- 
look for  city  properties  is  better.  After  the  de- 
pressing period  through  which  we  have  passed,  it 
does  not  seem  possible  for  the  future  to  offer  anythmg 
worse.  There  is  no  reason  to  believe  we  are  in  the  fix 
of  the  gambler  who  had  been  having  a  run  of  hard 
luck  and  went  to  the  fortune  teller  to  get  some  inside 
information  on  the  future.  She  told  him  that  his  luck 
had  been  very,  very  bad,  but  it  would  change,  it  was 
going  to  get  worse.  So,  if  we  are  willing  to  say  that 
the  future  outlook  is  better  we  might  as  well  go  a  little 
further  and  say  that  it  is  fine ;  that  for  the  first  time 
in  three  years  things  are  beginning  to  look  as  if  there 
was  some  sunshine  back  of  the  clouds.  Many  straws 
point  this  way.  The  consulting  physicians  who  have 
been  attending  our  death  bed  scenes  for  three  years,  at 
last  seem  to  have  finished  their  consultation  and  de- 
cided that  our  life  must  be  saved. 


Here  is  a  foundation  principle  upon  which  to  base 
the  future  outlook.  Street  railway  transportation  is 
absolutely  essential  to  the  well  being  and  existence  of 
■cur  cities.  There  is  nothing  today  or  in  the  immediate 
future  to  supplant  it;  therefore,  being  necessai^  and 
essential  it  will  be  continued  and  to  be  continued  must 
be  suported. 

First  and  foremost,  the  street  railways  of  the  coun- 
try are  at  last  co-operating  and  the  results  are  now  be- 
coming apparent.  The  presentation  of  the  case  before 
the  President's  commission  by  the  committee  of  one 
hundred  supported  by  the  magnificent  work  of  the 
American  Electric  Railway  Association  is  bearing 
fruit.  From  this  commission  doubtless  will  come  a 
report  and  recommendations  that  municipalities  cannot 
pass  by  unheeded. 

Second,  the  public  is  becoming  aroused  to  the 
danger  of  the  complete  disruption  of  its  urban  trans- 
portation service  and  is  awakened  to  the  necessity  for 
taking  immediate  action  to  insure  its  preservation. 

Third,  the  experience  of  government  operated  rail- 
roads has  done  more  to  put  a  stop  to  municipal  owner- 
ship talk  than  all  the  publicity  of  the  past  ten  years. 
A  number  of  places  have  voted  on  the  purchase  of 
their  street  railway  by  the  city  and  turned  the  pro- 
position down.  This  has  cleared  the  atmosphere  and 
leaves  without  much  competition  the  only  real  ooiution 
of  the  present  street  railway  system,  which  is  service  at 
cost. 

Fourth,  the  status  of  the  street  railway  problem  is 
no  longer  a  number  of  local  situations.  !♦  is  a  national 
emergency  and  today  there  is  more  uniteu  co-opent've 
effort  to  work  out  some  solution  than  there  has  ever 
been.  An  example  of  tftis  is  the  action  taken  in  Kansas 
City,  where  the  chamber  of  commerce  has  appointed 
a  committee  of  one  hundred  of  itt  biggest  business  men 
to  make  a  thorough  investigation  and  report  some  solu- 
tion for  the  street  railway  situation.  These  men  have 
given  their  time  day  and  night  in  the  hottest  months  of 
the  year  to  this  work.  They  have  out  of  their  own 
pockets  raised  a  fund  to  pay  the  expenses  of  their  com- 
mittee. It  is  an  encouraging  a.id  hopeful  sign.  When 
these  men  have  finished,  the  street  railway  situation  in 
Kansas  City  will  be  placed  before  the  public  authenti- 
cated by  this  committee  and  the  public  will  have  un- 
biased facts  upon  which  it  can  rely. 

Fifth,  the  labor  situation  has,  up  to  this  time,  been 
one  of  the  stumbling  blocks  to  a  permanent  solution. 
Settlement  after  settlement  has  been  reached  in  many 
cities  and  then  the  demands  of  the  car  operators  have 
put  the  entire  question  back  to  where  it  started.  It  has 
seemed  that  there  was  no  limit  upon  which  to  base  con- 
clusions. The  "Cost  of  Service  Plan"  makes  wage  in- 
creases payable  by  the  public  not  by  the  company.  This 
being  the  case,  an  enraged  public  sentiment  will  not 
tolerate  unreasonable  demands  for  wages  or  hours.  If 
it  means  a  strike,  that  strike  will  not  have  the  support  of 
the  public  and  without  public  opinion  no  strike  can  be 
won. 
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Sixth,  increased  fares.  There  is  some  encourage- 
ment in  the  hope  that  we  have  passed  through  the 
psychological  effect  of  fare  increases;  in  other  words, 
tlie  public  generally  has  ceased  to  look  upon  a  street 
railway  fare  as  five  cents.  With  this  advance,  the 
public  will  scJoner  or  later  adjust  itself  to  fares  based 
on  the  cost  of  service,  as  it  has  to  other  price  increases. 

Seventh,  the  increased  cost  of  automobile  operation 
and  the  difficulty  of  parking  cars  down  town  may  have 
some  effect  in  reducing  the  use  of  private  automobiles. 
Good  service  will  help  this.  Municipalities  generally 
are  coming  to  realize  that  jitney  competition  is  unfair 
and  means  penalizing  the  great  majority  of  the  people 
who  must  depend  on  the  street  railway  company  for 
the  few  who  avail  themselves  of  the  itinerant  jitney. 

Eighth,  the  wide  spread  use  of  the  safety  car  is  a 
big  factor  in  solving  the  problem.  Its  adoption,  with 
accompanying  decreased  headways,  means  more  travel; 
it  means  an  increase  in  net  revenues,  in  some  cases  run- 
ning as  high  as  two  thousand  dollars  per  car  per  year. 
The  safety  car  is  no  longer  an  experiment  and  it  can 
be  stated  from  actual  experience  that,  on  any  line  which 
does  not  have  a  headway  of  less  than  four  minutes,  it 
can  successfully  be  operated  under  any  traffic  condi- 
tions. To  a  large  extent  its  use  solves  wage  problems 
as  the  economies  it  makes  possible  will  permit  the  pay- 
ment of  a  more  than  reasonable  and  satisfactory  wage. 

There  is  no  real  reason  today  for  being  pessimistic 
over  the  situation.  All  things  are  working  together  for 
our  good  and  already  there  is  a  brighter  future  outlook 
for  the  street  railways.  They  are  absolutely  essential ; 
what  is  essential  must  be  continued  and  what  must  con- 
tinue must  be  supported.  The  price  of  service  must 
meet  its  cost  and,  for  the  first  time  since  the  inception 
of  the  industry,  it  is  going  to  be  put  upon  a  strict  busi- 
ness basis  where  its  product  will  be  sold  for  what  it 
costs,  plus  a  fair  and  reasonable  return  to  those  who 
have  invested  their  money  to  make  possible  a  neces- 
sary and  essential  public  service. 


Hold  Fast  to  the  Fundamentals 

F.  W.  HILD 

General  Manager, 

The  Denver  Tramway  Company 

IF  THERE  is  one  thing  that  has  come  out  of  the 
experiences  of  the  past  few  years  it  is  the  lifting 
of  the  essential  things  of  our  daily  life  into  public 
view  and  appreciation,  out  of  the  rut  of  commonplace, 
out  of  the  dust  of  indifference  where  they  had  been 
consigned  by  a  careless  public  which  had  gotten  into 
the  habit  of  looking  only  for  the  new,  the  strange,  the 
startling  things  which  each  day  brought  forth.  When 
we  began  to  take  an  active  part  in  the  great  war  drama, 
we  suddenly  awoke  to  the  fact  that  enemy  activities 
might  imperil  the  water  supplies  of  our  great  cities  and 
this  very  essential  but  commonplace  commodity  at  once 
assumed  an  importance  in  the  public  eye  which  only  the 
placing  of  armed  guards  for  its  protection  could  bring 
about.     Coal,   the   humble   mineral    so   carelessly   and 


wastefully  handled  everywhere,  suddenly  leaped  into 
dominating  importance  with  the  public  recognition  of 
its  essential  character  as  a  fuel ;  likewise  with  many  of 
the  humbler  items  constituting  our  food  supply. 

Rather  more  recently  has  it  been  borne  home  into 
the  public  consciousness  that  organized  urban  transpor- 
tation, as  represented  by  the  electric  street  railways,  is 
an  essential  public  service.  It  is  true  that  it  required 
actual  or  threatened  cessation  of  the  supply  of  these 
various  necessities  to  bring  about  the  public  apprecia- 
tion of  their  indispensable  and  important  nature,  but  at 
least  it  has  been  accomplished,  and  so  in  the  discussion 
of  the  electric  railway  situation  we  have  passed  the 
period  where  it  is  necessary  to  convince  our  fellow 
citizens  that  organized  urban  transportation  is  an  es- 
sential institution  in  our  modern  life. 

In  the  minds  of  many  of  our  people  the  belief  bad 
taken  hold  that  the  last  days  of  the  street  railways  were 
in  sight.  Some  men  prominent  in  municipal  affairs  even 
went  so  far  as  to  say  that  it  mattered  little  what 
happened  to  the  street  railways,  since  other  means  of 
transportation,  such  as  that  by  nibber  tired  gasoline 
vehicles,  were  at  hand  to  take  its  place.  That  these 
men  had  not  studied  the  situation  or  were  sadly  misin- 
formed is  now  a  demonstrated  fact.  It  needs  but  little 
argument  to  convince  the  few  who  still  cling  lingeringly 
to  the  former  fallacy,  that  a  steel  wheel  on  a  steel  rail 
offers  the  minimum  of  frictional  and  rolling  resistance, 
many  times  less  than  that  between  the  rubber  tired 
wheel  and  the  rough  uneven  surface  of  the  ordinary 
street  or  road.  It  is  quite  generally  appreciated  that 
the  cost  of  moving  a  passenger  one  mile  by  rubber  tired 
gasoline  transportation  is  from  six  to  nine  times  that  of 
moving  a  passenger  one  mile  by  electric  railway,  even 
under  present  conditions;  and  if  the  burden  of  street 
paving  and  road  costs  be  added  to  the  rubber  tired 
transportation  in  like  proportion  to  that  now  carried  by 
the  electric  railways,  the  advantage  in  favor  of  the  latter 
in  point  of  cost  will,  of  course,  be  much  greater.  Thus 
taking  a  typical  rush  hour  load  and  using  the  item  of 
fuel  alone  as  the  principal  element  of  power  expense, 
the  fuel  cost  per  passenger  per  mile  for  the  street  car 
is  around  0.0143c,  with  coal  at  $3.50  per  ton,  while  at 
the  same  time  the  fuel  cost  per  passenger  per  mile  for 
the  average  passenger  automobile  would  be  around 
0.36c  with  gasoline  at  26c  per  gallon,  showing  that  the 
fuel  cost  is  twenty- five  times  as  great  for  the  automobile 
passenger  as  for  the  street  car  passenger.  All  this  is  of 
importance  in  any  real  and  sincere  consideration  of  the 
H.  C.  L.  problem. 

Of  perhaps  equal  importance,  though  doubtless 
less  well  appreciated  at  this  time,  is  the  much  greater 
economy  of  street  space  of  the  electric  railway  in  urban 
transportation  as  compared  with  rubber  tired  gasoline 
transportation.  As  our  cities  continue  to  congest 
through  the  erection  of  tall  buildings  in  their  business, 
commercial  and  industrial  centers,  thus  concentrating 
vast  numbers  of  pojuilation  in  limited  city  area,  this 
will   become   increasingly   emphasized.     Thus,    for   px- 
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ample,  in  Denver  an  electric  motor  car  with  its  trailer 
seating  100  passengers  and  capable  of  carrying  80 
standing  up,  or  a  total  of  180  passengers,  occupies  100 
feet  of  lineal  street  space  while  passenger  automobiles 
to  accommodate  the  same  number  would  require  520 
feet  of  lineal  street  space.  So  today  it  is  quite  well 
established  that  the  electric  street  railway  is  the  most 
economical  form  of  urban  transportation  in  point  of 
cost  and  of  street  space  occupied. 

For  all  these  reasons  the  electric  street  railway  is 
bound  to  live  and  if,  here  and  there,  or  now  and  then, 
it  is  denied  or  delayed  its  right  to  earn  or  receive  all 
of  the  revenues  necessary  to  its  continued  operation  and 
existence,  such  delay  is  at  worst  but  temporary,  and 
must  sooner  or  later  yield  to  the  inexorable  working  of 
economic  law.  It  is  the  bounden  duty  of  those  charged 
with  the  trusteeship  of  the  various  properties  to  avoid 
pessimism  as  to  the  future  of  the  industry  and,  not  to 
weakly  surrender  to  the  troubles  and  difficulties  of  the 
moment,  no  matter  how  large  or  ominous  they  loom. 
With  that  grit  and  determination  that  have  always  char- 
acterized the  American  business  man,  each  should 
tackle  his  particular  traction  situation  and  work  out  the 
solution  as  he  would  any  other  hard,  complicated,  diffi- 
cult business  problem.  It  can  be  done  and  it  will  be 
done. 

Many  mistakes  have  been  made  at  various  times  in 
the  history  of  electric  traction  but,  in  this  respect,  the 
industry  is  by  no  means  unique,  as  the  same  experience 
is  true  of  every  other  business  and  of  men  in  all  other 
businesses.  The  important  thing  now  is  to  recognize 
the  changing  conditions  and  readjust  policies  and 
methods  accordingly. 

Public  utilities,  and  particularly  electric  railways, 
long  ago  left  the  field  of  unregulated,  unrestricted  busi- 
ness endeavor.  Regulation  in  some  form  or  other — 
municipal,  state  or  federal — is  now  a  universal  con- 
comitant of  the  utility  business,  and  regulation  in  what- 
ever form  must  finally  be  based  upon  value.  Therefore 
the  wise,  foresighted  public  utility  operator  will  at  the 
earliest,  most  favorable  and  apropriate  time  cause  the 
fair  value  of  his  property  to  be  established  officially. 
When  that  has  been  done  satisfactorily  the  enterprise 
will  be  on  a  foundation  which,  with  reasonably  intelli- 
gent management,  should  enable  it  to  weather  prac- 
tically any  storm  that  may  come.  Thereafter  local 
conditions  and  circumstances  v/ill  largely  govern  the 
working  out  of  the  rest  of  the  problem,  whether  it  be 
ordinarj'  regulated  operation,  the  service-at-cost  plan, 
partnership  arrangement  with  the  city,  or  municipal 
ownership. 

Others  will  tell  of  economies  and  reductions  in  op- 
erating cost  to  be  effected  here  and  there  through  one- 
man  cars,  through  new  methods  of  power  supply  or 
distribution,  such  as  the  automatic  substation,  through 
improved  maintenance  methods:  also  others  will  tell  of 
varidus  ways  and  means  to  augment  the  revenues  by 
new  ways  of  securing  freight  business,  by  this  or  that 
system  of  passenger  fare  charges  and  collections.     Yet 


in  times  of  stress  and  storm  one  is  apt  to  lose  sight  of 
the  fundamentals  and  be  carried  away  by  symptoms  or 
by  passing  difficulties  and  temporary  trying  experiences. 
Hold  fast  to  the  fundamentals,  the  electric  railway  is  an 
essential  industry.     It  must  and  will  live. 


Utility  Credit  and  General  Prosperity* 

THEODORE  P.  SHONTS 

President, 
IiitcrlioroiiRh  Rapid  Transit  Co. 

HOMER  L.  FERGUSON,  president  of  the 
United  States  Chamber  of  Commerce,  testified 
before  the  Federal  Electric  Railway  Commis- 
sion in  Washington  that  he  regarded  the  condition  of 
the  electric  railways  as  the  most  acute  business  and  fi- 
nancial problem  in  the  country  today.  He  is  not  an 
electric  railway  man,  nor  a  banker.  He  is  a  shipbuilder. 
As  president  of  the  United  States  Chamber  of  Com- 
merce he  represents  all  manner  of  industry.  Such  testi 
mony  demands  attention. 

Too  much  stress  cannot  be  laid  upon  the  import- 
ance of  maintaining  the  credit  of  the  electric  railways 
as  a  vital  part  of  the  nerve  structure  of  the  nation's 
business.  To  maintain  their  credit,  the  authorities 
must  maintain  the  parity  of  the  car  fare.  It  has  de- 
preciated fully  50  percent.  The  nickel  is  worth  only 
half  its  former  value,  but  the  street  car  ticket  is  worth 
as  much  as  it  ever  was.  A  10  cent  fare  would  be 
no  higher  in  purchasing  power  over  things  needed  to 
provide  service  than  the  5  cent  fare  used  to  be.  By  the 
same  token,  the  5  cent  fare  is  a  much  smaller  portion 
of  the  people's  wages  today  than  it  used  to  be. 

To  assure  the  credit  of  utilities,  the  laws  of  most 
of  the  States  specifically  declare  that  investors  in  public 
utilities  are  entitled  to  a  "fair  return"  upon  the  "fair 
value  of  their  property."  The  constituted  authorities 
have  no  legal  formula  for  determining  a  "fair  return", 
but  they  are  supposed  to  take  into  consideration  the 
risk  involved  in  the  investment.  Their  powers,  in  fact, 
are  so  great  that  the  attitude  of  the  commissions  or 
city  bodies  is  one  of  the  most  important  of  the  risks 
considered  by  investment  bankers  and  private  investors. 
A  decision  affects  not  only  the  credit  of  the  company 
at  bar,  but  all  companies  in  its  class.  A  hostile  atti- 
tude toward  the  utilities  raises  the  rates  at  which  capi- 
tal can  be  borrowed  for  their  use." 

Few  of  the  general  public  realize  the  magnitude  of 
electric  railway  investment.  The  securities  of  the 
electric  railways  (subways,  surface  and  elevated)  in 
New  York  City  alone  aggregate  about  $272  000  000 
stocks  and  $735  500  000  bonds.  Those  of  the  rest  of 
the  State  are  about  $124000000  stocks  and  $152 
000000  bonds.  The  total  is  more  than  a  billion  and  a 
quarter  of  dollars.  In  the  United  States  it  is  more 
than  six  billion  dollars.  This  vast  sum  of  utility  se- 
curities is  in  jeopardy,  and  it  is  in  jeopardy  because, 
notwithstanding  the  request  of  the  President  of  the 
United  States,  the  Secretary  of  the  Treasury,  the 
Comptroller  of  the  Currency,  the  War  Labor  Board 
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and  the  plain  facts,  the  local  authorities  in  many  places 
have  not  permitted  the  companies  to  increase  their 
fares  sufficiently  to  meet  abnormal  costs  and  to  protect 
their  credit  in  conditions  they  are  in  nowise  responsible 
for.  Some  are  already  bankrupt;  all  are  headed  to- 
ward the  rocks. 

In  such  conditions  banks  cannot  but  refuse  loans 
on  such  securities,  thus  seriously  restricting  credit;  and 
they  cannot  invest  or  advise  investment  in  such  enter- 
prises. Even  in  normal  times  default  on  securities  on 
any  such  scale,  or  even  a  large  part  of  them,  would  be 
an  absolute  disaster,  so  far  do  the  nerve  threads  of  the 
credit  structure  ramify.  But  times  are  not  normal. 
Following  the  most  gigantic  war  in  history  is  a  period 
of  reconstruction  on  such  a  huge  scale  as  to  make  the 
credit  of  many  of  the  nations  questionable  and  credit, 
even  in  our  own  country,  extremely  sensitive. 

Again,  the  loss  of  capital  through  bankruptcy  is 
just  as  serious  as  loss  of  capital  through  war.  The 
basis  of  taxation  is  the  wealth  of  the  citizens.  If  any 
large  proportion  of  this  invested  wealth  were  to  be 
eliminated  from  the  taxable  wealth  of  the  States  the 
burden  left  for  the  remainder  would  be  staggering.  To 
assume  seriously  that  the  credit  of  these  vast  and  es- 
sential organizations  can  be  put  in  jeopardy  and  the 
effects  localized  or  even  restricted  to  utilities  is  at  least 
highly  dangerous.  Every  city's  general  business  credit 
is  sympathetic  to  the  credit  of  its  utilities.  Cities  can- 
not be  prosperous  without  efficient  utilities;  and  utili- 
ties cannot  be  efficient  without  prosperity. 

Public  regulation  of  rates  involves  public  protec- 
tion of  credit.  What  economic  law  does  for  ordinary 
business  must  be  done  for  the  utilities  by  the  bodies 
having  their  existence  literally  in  their  hands.  In- 
vestors cannot  be  coerced;  they  must  be  attracted. 
Utility  investments,  therefore,  must  be  attractive  in 
competition  with  other  investments.  They  should  be 
even  more  attractive,  for  on  them  public  convenience 
depends.  But  in  utilities  profits  are  limited.  "Excess 
profits"  are  not  allowed  in  fat  years  to  provide  against 
the  lean.  And  this  doubles  the  duty  of  protecting  them 
in  years  of  adversity.  Good  credit  is  vital  to  a  utility's 
possibility  for  good  service.  It  is  a  cornerstone  in  the 
whole  modern  business  structure.  Start  the  bricks  fall- 
ing, and  there  is  no  telling  where  it  will  end. 


Public  Utilities — A  Diagnosis 

THOS.  S.  WHEELWRIGHT 

President, 
Virginia  Railway  &  Power  Co. 

WHEN  the  electric  trolley  and  electric  light 
came  into  being  tliirty  years,  or  a  generation, 
ago,  the  new  enterprise  was  viewed  with  sus- 
picion and  condescending  incredulity  by  the  well-en- 
trenched and  established  financial  interests  which  had 
developed  and  profited  by  the  horse-car  and  gas  inter- 
ests. They  were  skeptical  as  to  the  practicability  of  the 
new  system  and  used  all  of  their  power,  both  financial 
and  political,  to  make  the  way  for  the  trolley  and  elec- 


tric light  industr>'  difficult,  hence  the  projectors  of  the 
new  enterprise  felt  obliged  to  "fight  the  devil  with  fire" 
politically  and  had  to  get  their  first  opportunity  for  trial 
under  "horse-car"  franchises  with  all  of  the  conditions 
as  to  paving  of  streets,  taxes  on  gross  earnings,  and 
other  erronous  conditions  which  were  imposed  through 
political  influence.  In  short,  they  were  able  to  obtain 
only  temporary  permits  with  many  restrictions  in  order 
to  test  out  the  electric  trolley  on  the  new  routes  covered 
by  the  "horse-car"  franchises. 

The  electric  trolley  and  the  electric  light  system 
accompanying  it  had  their  birth,  therefore,  in  a  highly- 
charged  political  atmosphere  and  were  promoted  by 
men  who  were  regarded  by  the  conservative  interests  as 
interlopers  and  experimenters  in  finance.  They,  never- 
theless, did  a  great  and  important  part  with  costly  capi- 
tal and  against  political  odds  in  developing  through  the 
"trial  and  failure  method"  what  has  now  become  a 
most  vital  factor  in  community  life. 

After  the  final  practical  demonstration  of  the  suc- 
cess of  the  electric  trolley  in  Richmond,  about  1889, 
similar  enterprises  were  promoted  and  established 
throughout  the  country,  the  promoters  accepting  what- 
ever franchise  terms  were  obtainable  and  by  whatever 
method  they  could  be  secured,  often  consolidating  with 
the  old  horse-car  and  cable  lines,  thus  inheriting  not 
only  the  burdens  of  the  obsolete  system,  but  the  fran- 
chise provisions  and  restrictions  as  well,  such  as  street 
paving  which,  for  the  horse-car  line,  was  a  proper  in- 
demnity for  the  damage  it  did  to  the  streets,  but  which 
when  applied  to  the  electric  trolley  became  an  additional 
tax  for  the  franchise. 

Probably  the  most  serious  economic  error  in  these 
first  public  utility  franchises  was  committed  in  fixing 
the  date  of  death  at  the  time  of  its  birth  by  limiting  the 
life  of  the  franchise  to  10,  20  or  30  years,  rendering  it 
necessary,  in  order  to  attract  the  needed  capital,  to  adopt 
a  highly  speculative  financial  plan  by  giving  stock 
bonuses  with  the  bonds  in  order  to  induce  investment, 
and  making  no  provision  for  amortization  of  the  capital 
invested  by  the  date  of  the  expiration  of  the  franchises. 

The  next  serious  economic  blunder  was  the  ac- 
ceptance of  a  fixed  fare  of  five  cents,  regardless  of  the 
length  of  the  ride  and  the  issuance  of  free  transfers  be- 
tween the  several  lines  in  a  community,  thus  deliberately 
contracting  to  "sell  short"  for  a  long  period  a  com- 
modity the  cost  of  producing  which  it  was  impossible 
to  calculate  with  any  degree  of  certainty. 

Hence,  now  that  this  first  generation  of  public 
utilities  is  now  approaching  its  predetermined  date  of 
demise,  having  been  through  innumerable  receiverships, 
having  not  amortized  the  investment  of  the  original 
capital,  nor  made  adequate  provision  for  repayment  of 
the  ever-increasing  capital  expenditures  for  improve- 
ments and  extensions,  the  utilities  find  themselves  in  a 
very  bad  plight  and  quite  at  the  mercy  of  political  in- 
fluences. They  are  thus  obliged  to  give  heed  to  the 
various  superficial  remedies  prescribed  by  those  H'ho 
have  their  own  political  future  to  consider,  regardless 
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of  the  proper  consideration  for  the  capital  and  enter- 
prise which  has  been  by  far  the  largest  factor  in  creat- 
ing the  great  increase  in  urban  and  suburban  values 
upon  which  the  entire  structure  of  community  life  is 
built. 

Until  the  recent  national  demonstration  of  the 
costly  and  inefficient  operation  by  the  Government  of 
railroads  and  utilities,  and  also  the  recent  development 
of  similar  experiences  by  municipalities,  municipal 
ownership  has  been  heralded  as  the  remedy  on  the  b;isis 
of  taking  over  the  properties  on  a  replacement  valaa- 
tion.  This  theory,  however,  is  now  being  conceded  as 
manifestly  unjust,  as  it  results  in  the  confiscation  of 
capital  invested  in  the  development  of  the  enterprise  as 
a  "going  concern"  and  makes  no  just  recognition  of  the 
fact  that  the  utilities  through  their  constant  service 
through  these  many  years  have  created  great  enhance- 
ment in  values  of  all  other  property  and  are  entitled  to 
the  same  proportionate  recognition  of  enhancement  in 
values  with  due  regard  for  the  continuous  capital  ex- 
penditures which  have  been  necessary  in  keeping  pace 
with  the  development  of  the  community.  By  reason  of 
the  heavily  increased  costs  of  operating  on  the  one 
hand,  and  the  "short  sale"  compensation  fixed  in  the 
original  grants,  on  the  other,  and  the  additional  restric- 
tions and  obligations  constantly  being  imposed,  it  is  im- 
perative, in  the  interest  of  the  community  they  serve, 
that  a  fundamental  remedy  be  found  quickly  and  ap- 
plied to  save  the  utilities. 


Moderation  Must  Govern  Future 
Municipal  Action 

A.  M.  LYNN 

President, 

West   Pcnn   Railways   Co.,   Pittsburgh 

NEARLY  every  kind  of  obligation  tliat  the  authori- 
ties in  power  have  been  able  to  devise  has  been 
imposed  in  different  localities  upon  the  street 
railway  utilities  in  connection  with  the  use  of  the  streets 
and  public  highways — running  the  gamut  from  furnish- 
ing free  transportation  to  public  servants,  to  actually 
surrendering  a  considerable  part  of  the  operating 
revenue.  While  it  is  not  the  intention  to  enumerate 
here  all  of  the  burdens  that  have  been  imposed,  one  of 
the  most  conspicuous  causes  of  loss  and  embarrassment 
to  street  railways  has  been  the  thrusting  upon  them  of 
the  expense  of  certain  paving,  not  only  originally  but 
also  of  every  change  in  grade  or  other  improvement, 
whether  advisable  or  experimental,  besides  compelling 
facilities  to  be  provided  for  the  general  public,  as  in  the 
building  and  maintenance  of  bridges,  for  example, 
which  augment  the  cost  to  the  railways  without  any  re- 
sulting counter  benefits.  Moreover,  such  conditions  are 
often  further  aggravated  by  the  uncertainty  of  action 
of  the  municipal  government,  or  its  various  branches, 
in  the  matter  of  street  betterments  (and  correspondingly 
the  expense  the  trolley  company  must  bear)  so  that  the 
management  is  thus  distracted  from  time  to  time  from 


the  pressing  duties  of  operation.  Due  to  the  increasing 
use  of  the  automobile  truck,  and  other  heavy  traffic, 
municipalities  are  finding  it  necessary  to  adopt  more 
expensive  forms  of  street  construction,  resulting  in 
further  additions  to  the  already  soaring  cost  of  street 
railway  operation. 

The  obligation  of  paving  was  first  imposed  upon 
street  railways  when  they  were  operated  with  horse 
cars.  At  that  time  it  was  not  customary  for  streets  to 
be  paved  in  the  smaller  cities,  and  it  was  considered  a 
fair  obligation  to  impose  upon  street  railway  companies 
the  burden  of  maintaining  the  street  between  its  rails. 
Since  the  adoption  of  electrically-propelled  cars,  the 
street  railways  do  not  add  to  the  depreciation  of  the 
street,  and  therefore,  should  not  be  obliged  to  maintain 
the  paving  except  when,  for  their  convenience,  they 
disturb  the  existing  pavement. 

Extensions  of  lines  into  sparsely  settled  districts, 
which  gave  no  promise  of  proving  profitable,  have  been 
forced  upon  different  companies.  Where  Commissions 
have  jurisdiction,  the  companies  may  now  escape  some 
of  these  hardships  but  in  the  past  different  communities 
have  often  accomplished  their  purpose  by  the  threat  of 
or  actual  resort  to  unwise  competition,  many  cases  of 
which  are  now  reflected  in  the  present  street  railway 
situation.  Although  shifts  in  traffic  have  naturally  oc- 
curred in  some  sections  of  the  community,  service  un- 
der ordinance  stipulation  is  still  enforced  under  duress 
of  forfeiture  of  the  rights  of  the  company  to  occupy 
such  streets. 

Maintenance  of  unreasonable  schedules  has  oper- 
ated to  reduce  the  earning  capacity  of  otherwise  favor- 
able lines.  Inordinate  extension  of  the  fare  limits  as 
the  corporate  lines  or  suburban  districts  were  pushed 
out  beyond  the  original  areas  has  been  a  real  source  of 
waste  in  the  conduct  of  the  business.  In  business,  any- 
thing that  is  or  must  be  carried  on  continually  at  a  sac- 
rifice cannot  result  in  any  permanent  good,  unless  there 
are  some  indirect  benefits  accruing,  which  justify  the 
practice. 

Excessive  assessments,  either  in  the  way  of  taxes, 
rentals  or  division  of  gross  revenue,  mean  nothing  more 
than  the  shifting  of  the  responsibility  of  the  burden 
from  the  citizens  as  a  body  to  that  of  the  car  riders. 
There  is  evidently  a  limit  as  to  how  far  any  such  unfair 
distribution  of  municipal  expense  may  be  carried,  for 
the  economic  law  underlying  this  commodity  or  service 
will  be  felt,  as  in  everything  else,  and  it  hardly  need  be 
emphasized  that  we  have  already  plainly  seen  "the 
handwriting  on  the  wall".  Any  further  exactions  will 
hasten  the  complete  collapse  of  local  railway  transpor- 
tation, which  would  obviously  redound  to  the  serious 
disadvantage  of  the  communities  affected.  One  need 
only  turn  to  the  estimates,  often  published,  covering 
business  losses  sustained  in  connection  with  a  complete 
tie-up  of  a  street  railway  by  reason  of  a  strike.  The 
injury  which  a  railway  suffers  from  the  financial  drains 
above  mentioned  works  harm  to  the  community  in  like 
manner   but    to   a   lesser   degree    than    that    forcefully 
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demonstrated  in  the  short  period  in  which  service  is 
suspended  by  a  walkout  of  its  employes.  However,  it 
is  continuous  in  its  process  and,  dierefore,  in  course  of 
time  becomes  far  more  serious. 

This  situation  cannot  be  corrected  by  repeated  ad- 
vances in  fares,  on  account  of  the  economic  reasons  al- 
ready mentioned.  As  the  fares  are  increased,  traffic  is 
diverted  and  the  point  is  soon  reached  where  the  direct 
loss  overcomes  the  apparent  gain. 

The  cost-of-service  plan,  whereby  rates  are  auto- 
matically regulated  by  the  variation  in  the  level  of  funds 
in  a  surplus  reservoir,  is  frequently  referred  to  as  the 
panacea  for  the  ills  of  local  transportation.  Where  the 
city  assumes  direction  of  the  extent  and  nature  of  the 
service  to  be  rendered,  and  where  schedules  are  inaugu- 
rated without  regard  to  any  real  economic  or  social 
needs,  the  only  merit  in  such  a  solution  is  that  it  pro- 
vides some  safeguard  for  the  capital  invested.  On  the 
other  hand,  there  can  be  no  substitute  for  the  old  order 
wherein  business  was  actuated  by  the  incentive  of  an 
appropriate  reward  for  competent  management.  A 
complete  restoration  of  that  policy,  along  with  super- 
visory state  regulation  (without  destructive  municipal 
interference),  would  certainly  promote  progress. 

There  should  be  a  uniform  franchise  whicJi  does 
not  contain  burdensome  obligations  in  the  way  of  license 
fees,  or  taxes  for  cars,  poles,  wires,  street  sweeping, 
sprinkling,  etc.,  or  on  any  of  the  facilities  necessary  to 
the  operation  of  a  street  railway.  A  street  railway  is  a 
large  contributor  to  the  growth  and  prosperity  of  the 
community,  and  to  afford  the  best  service,  its  revenues 
should  not  be  diverted  to  help  pay  the  expenses  of 
municipal  operation. 

At  their  incipiency,  the  street  railways  might  have 
been  subsidized  in  the  manner  that  many  governments 
foster  their  infant  industries,  but  this  period  is  pr.st,  and 
it  is  not  to  be  expected  that  the  street  railways  will  re- 
quire any  direct  financial  aid,  unless  it  be  in  the  way  of 
utilizing  municipal  credit.  They  must,  however,  have 
relief  from  undue  strains  under  existing  ordinance  re- 
quirements. 

The  time  has  not  arrived  when  we  may  feel  war- 
ranted in  losing  our  faith  in  the  public  at  large.  In 
spite  of  the  persistent  opposition  heretofore  en- 
countered, let  us  confidently  hope  that  a  rational  and 
real  American  course  of  treatment  will  presently  be 
meted  out  by  the  municipalities,  when  the  railways  will 
be  compelled  to  perform  only  such  duties  as  are  in- 
herently a  part  of  good  .service. 


Service  at  Cost 

CALVERT  TOWNLEY 

Assistant  to  President, 

Wcstinghouse  Electric  &  Mfg.  Co. 

SHAKESPEARE  said  "What's  in  a  name?"  but 
slogans  have  been  valuable  adjuncts  to  success 
almost  since  time  began.     Just  now  the  slogan 
"Service  at  Cost"  seems  to  have  caught  the  fancy  both 


of  the  public  and  of  the  trolley  companies  and  various 
plans  under  that  caption  are  having  their  day  in  court. 
Perhaps  the  one  which  has  attracted  as  much  attention 
as  any  is  that  forming  the  basis  of  a  contract  between 
the  Boston  Elevated  Railway  Company  and  the  Com- 
monwealth of  Massachusetts.  This  plan  provides  in  ef- 
fect that  the  rate  of  fare  shall  be  automatically  changed 
from  time  to  time  and  shall  cover  cost  of  service  only. 
Cost  is  defined  as  including  the  ordinary  operating  and 
maintenance  expenses  and  also  a  fixed  return  on  the 
capital  invested.  H  the  revenues  of  the  corporation 
shall  at  any  time  fall  below  this  cost,  the  difference  is 
to  be  made  up  by  the  State. 

This  plan  reads  well.  To  the  uninitiated,  it  ap- 
pears to  offer  a  very  satisfactory  solution  of  past 
troubles  because  no  one  who  rides  should  object  to 
reimbursing  the  carrier  for  the  cost  of  his  transpor- 
tation and,  if  the  owners  of  the  property  are  willing 
to  forego  all  profit,  it  is  obviously  only  fair  that  they 
should  be  relieved  from  the  hazard  of  loss. 

How  has  the  plan  worked?  The  Boston  Elevated 
Railway  Company,  under  corporate  management,  had  a 
five  cent  fare  and  although  they  complained  that  it 
must  be  increased  on  account  of  the  increased  cost  of 
service,  they  were  not  given  much  encouragement. 
Since  the  management  of  the  property  has  been  taken 
over  by  a  board  of  trustees  appointed  by  the  Governor, 
the  fare  has  been  raised  by  successive  stages  until  it  is 
now  ten  cents  and  I  am  informed  that  the  road  is  still 
operating  at  a  deficit.  Dissatisfaction  has  been  wide- 
spread and  a  bill  has  been  passed  by  the  Massachusetts 
Legislature  establishing  five  cents  as  the  standard  rate 
of  fare  on  all  trolley  lines  within  the  State  and  provid- 
ing that  wherever  this  fare  may  not  be  sufficient,  de- 
ficits are  to  be  paid  from  the  public  purse  and  funds 
therefor  provided  by  an  increase  in  taxes. 

An  article  published  in  the  Boston  News  Bureau 
some  months  since,  when  the  fare  was  seven  cents  in- 
stead of  ten  and  before  the  present  wage  scale  for  em- 
ployees had  been  reached,  gave  figures  to  show  that 
Massachusetts  was  in  a  fair  way  to  have  to  double  its 
maximum  pre-war  tax  levy  to  provide  for  the  probable 
deficit  which  would  result  froin  the  Boston  railway  ven- 
ture. The  article  pointed  out  how  this  fact  might 
startle  the  ta.xpayers;  for  example,  those  in  Spring- 
field. Pittsfield  and  communities  in  other  parts  of  the 
State  who  do  not  use  the  Boston  utility  but  who  would 
share  the  tax  burden.  With  the  rates  of  wages  now  pre- 
vailing and  if  the  State  would  arbitrarily  return  to  a  five 
cent  fare,  this  situation  will  become  just  that  much 
worse. 

This  object  lesson  would  seem  to  make  it  reason- 
ably clear  that  the  much  talked  of  solution  of  the 
Boston  transit  problem  was  in  fact  no  solution  at  all 
but  a  gigantic  mistake.  The  reason  seems  fairly 
obvious.  What  the  people  wanted  and  thought  they 
were   getting   was   "Service   at    a    Low    Price".     They 
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could  not  believe  that  there  was  no  profit  to  the  rail- 
way company  in  the  prevailing  rale  and  they  accepted 
the  slogan  "Service  at  Cost"  thinking  to  save  the  profit 
which  the  Company  had  been  making. 

In  making  this  contract  the  State  authorities 
seemed  contentedly  ignorant  of  the  fact  that  cost 
without  profit  to  anyone  may  be  considerably  higher 
than  a  price  which  includes  a  profit  to  somebody  who 
has  an  opportunity  to  share  it.  That  is  to  say,  they 
completely  lost  sight  of  the  fundamental  fact  that  costs 
can  be  kept  low  only  by  a  combination  of  ability, 
authority  and  incentive.  While  they  could  perhips 
employ  able  men,  their  authority  would  be  weakened  by 
politics  and  an  incentive  would  be  absolutely  lacking. 
It  is  another  plain  case  of  government  operation  and 
consequently  another  failure.  Wherever  you  now  find 
a  man  who  still  favors  government  operation,  you  may 
be  sure  he  has  an  axe  to  grind  and  may  be  described  by 
the  old  saying — "There  are  none  so  blind  as  those  who 
won't  see". 

It  should  not  be  necessary  in  this  day  and  gener- 
ation to  point  out  again  that  the  production  and  sale 
of  transportation  is  fundamentally  like  every  other 
commercial  undertaking,  and  subject  to  the  same 
economic  laws,  or  that  no  great  constructive  effort  has 
ever  been  initiated  and  sustained  except  by  private 
enterprise,  or  further  that  the  removal  of  the  incen- 
tive of  private  gain  invariably  kills  initiative. 

These  facts  ought  to  be  accepted  as  axioms  by  this 
time.  The  Boston  "Service  at  Cost"  plan  ignores  them 
all.  "Cost"  has  gone  up  becau.se  nobody  in  the  organi- 
zation gains  by  keeping  it  down.  The  present  in- 
vested capital  is  made  safe  and  new  capital  may  doubt- 
less be  procurable  for  additions  and  betterments  but 
whose  capital  will  it  be?  Obviously  it  will  come  from 
the  timid  or  from  the  man  who  has  enough  already 
and  is  concerned  only  to  keep  it.  Progressive  con- 
structive investment  comes  only  where  vigor  and  brains 
have  a  chance  for  gain  and  are  therefore  willing  to 
take  a  corresponding  risk  of  loss. 

The  Federal  Commission  at  Washington  is  collect- 
ing facts  and  opinions  galore  and  presumably  will  later 
submit  a  report  with  findings  and  recommendations 
regarding  the  general  trolley  situation.  It  is  to  be 
hoped  that  whatever  plans  they  may  propose,  they  will 
at  least  recognize  the  fact  that,  as  practiced,  the  regu- 
lation of  utilities  has  failed  and  also  that  "Service  at 
Cost"  has  been  and  must  continue  to  be  an  expensive 
and  unsuccessful  experiment.  If  the  street  railway  in- 
dustry is  to  be  restored  to  a  condition  which  will  per- 
mit it  adequately  to  perform  its  public  functions,  as 
an  essential  adjunct  to  present  day  progress,  it  must  be 
freed  from  all  unnecessary  shackles ;  the  corporations 
must  be  equipped  with  as  much  authority  as  are  the 
corporations  operating  in  other  industries  and  they 
must  be  permitted  a  real  incentive.  If  this  be  done,  no 
one  doubts  but  that  they  can  procure  ability  to  produce 
successful  results. 


The  Graduated  Fare  System 

N.  W.  STORER 

General  Railway  Engineer, 

Wcstinghouse  Electric  &  Mfg.  Co. 

THE  STREET  RAILWAY  Companies  of  the 
United  States  are  just  now  facing  the  darkest 
days  of  their  history.  While  in  the  last  year 
there  has  been  a  considerable  increase  in  fares  all  over 
the  country,  it  is  generally  conceded  that  this  has  not 
mcreased  the  gross  receipts  sufficiently  to  save  the  com- 
panies from  bankruptcy. 

It  is  quite  natural,  at  a  time  when  prices  of  every- 
thing else  are  rising  steadily,  that  the  street  railway 
managers  should  look  to  increased  rates  of  fares  to 
solve  their  problems,  but  unfortunately  the  problem  is 
complicated  by  other  factors  than  simply  the  rate  of 
fare,  and  this  solution  has  the  effect  of  killing  the  goose 
which  lays  the  golden  tgg.  It  is  therefore  plain  that 
the  problem  must  be  studied  from  the  broadest  view- 
point before  it  can  be  solved.  Even  before  the  war 
boosted  prices  to  such  an  abnormal  degree,  the  affairs 
of  many  street  railway  companies  were  approaching  a 
crisis.  The  effort  to  furnish  the  high-class  service  de- 
manded by  the  public  had  brought  forth  the  heavy 
double-truck  cars  which  were  expensive  to  operate  not 
only  on  account  of  their  great  weight  per  passenger, 
which  increased  the  power  consumption,  but  from  in- 
creased maintenance  both  of  cars  and  road-beds.  The 
great  expense  resulting  from  obsolescence  piled  up  huge 
debts  on  which  interest  must  be  paid.  The  increasing 
lengths  of  lines  and  the  transfer  system  increased  the 
average  cost  of  hauling  passengers. 

The  development  of  the  automobile  and  the  tre- 
mendous growth  of  that  business  introduced  an  entirely 
unexpected  competition  for  the  street  railway  com- 
panies. Where  they  once  had  a  monopoly  they  have 
suffered  a  heavy  loss  of  business  from  the  privately 
owned  automobile,  and  are  now  obliged  to  compete  for 
traffic  with  the  jitney  and  the  motor  bus.  This  com- 
petition reduced  the  patronage  in  many  places  to  such 
an  extent  that  the  service  had  to  be  decreased,  which 
resulted  in  a  further  loss  of  business.  Then  came  war 
with  its  pyramiding  costs  to  complete  the  ruin  of  the 
companies. 

The  best  minds  of  the  industry  are  now  working 
on  the  problem  of  how  to  save  the  companies  and  pre- 
serve the  industry  which  has  played  such  a  vital  part 
in  the  development  of  our  cities.  Many  solutions  have 
been  offered,  but  the  ones  which  appear  to  have  the 
most  promise  are  the  following: — 

It  goes  without  saying  that  a  higher  class  of  service 
must  be  given  than  has  been  possible  in  the  last  few 
years.  This  means  more  frequent  and  reliable  service, 
along  with  clean  cars,  courteous  treatment  by  employees, 
etc. ;  in  other  words,  the  service  must  be  made  so  at- 
tractive that  people  will  ride  on  the  street  cars  becau.se 
they  want  to  rather  than  because  they  have  to.  On 
many  roads  the  introduction  of  the  light  safety  cars 
with  the  more  frequent  service  has  demonstrated  that 
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this  plan  alone  will  effect  a  great  increase  in  the  traffic, 
while  at  the  same  time  reducing  the  cost  of  operation. 

"Service  at  Cost"  is  also  looked  upon  in  some 
quarters  as  being  the  solution.  Municipal  ownership 
has  its  supporters.  But  neither  service  at  cost  nor 
municipal  ownership  can  be  satisfactoiy  or  successful 
in  the  highest  degree  without  a  more  equitable  distribu- 
tion of  the  cost  of  operation. 

The  graduated  fare  or  zone  system  offers  to  date 
the  only  feasible  plan  of  securing  this.  Such  a  system  is 
just  as  desirable  for  the  street  railways  as  the  meter 
system  is  for  electric  light  companies.  No  large  electric 
light  company  would  undertake  to  operate  at  this  time 
on  the  flat  rate  system,  which  was  the  plan  under  which 
electric  lighting  was  originally  introduced.  The  price 
of  such  service  would  be  so  high  that  no  one  would  buy 
it,  and  the  business  would  be  at  a  standstill  or  go  into 
bankruptcy.  This  is  exactly  the  situation  in  which  the 
street  railway  companies  of  to-day  find  themselves. 
The  mere  fact  that  the  street  railway  business  has  been 
built  up  around  the  flat  rate  system  is  no  argument  for 
its  continuance  at  this  time.  The  increase  in  fares 
which  have  been  made  all  over  the  country  have  shown 
clearly  that  the  amount  of  patronage  is  dependent  veiy 
largely  on  the  cost  of  riding,  as  every  increase  in  fare 
is  followed  by  a  decrease  in  the  number  of  passengers, 
showing  that  those  who  can  reach  their  destinations  in 
other  ways  are  doing  so,  and  many  who  cannot  do  so 
are  staying  at  home.  The  street  railway  companies  are 
thus  driving  away  the  customers  from  whom  they  de- 
rive the  greatest  profit;  they  are  i educing  the  number 
of  people  from  whom  they  can  derive  revenue,  and  to 
this  extent  they  are  failing  in  their  duty  to  the  cities 
which  give  them  their  right  to  occupy  the  streets.  It 
is  entirely  unreasonable  to  expect  people  who  wish  to 
ride  a  half  mile  or  a  mile  to  pay  a  fare  that  will  make 
up  for  the  deficit  caused  by  hauling  another  passenger 
ten  miles.  The  introduction  of  tht  zone  system  with 
a  low  minimum  fare  will  cause  a  tremendous  increase 
in  the  number  of  passengers  carried,  and  this  will  in- 
crease the  number  of  cars  required,  which  will  still 
further  increase  the  amount  of  traffic,  and  the  receipts 
will   increase  proportionally. 

It  was  feared  that  the  introduction  of  the  metal 
filament  lamp  with  its  low  power  consumption  per 
candle-power,  as  compared  with  the  carbon  lamp,  would 
seriously  handicap  the  electric  light  companies  by  cut- 
ting down  their  power  sales.  The  results  have  been 
just  the  opposite.  People  who  have  become  used  t:) 
paying  a  certain  amount  for  a  given  commodity  will 
usually  continue  to  pay  as  much,  even  though  they  can 
get  a  great  deal  more  for  the  same  ;>  mount.  Those  who 
are  not  using  the  commodity  at  all  will  be  attracted  by 
the  lower  rate.  This  will  be  the  case  with  the  applica- 
tion of  the  zone  system.  Few  will  cut  down  their  total 
payments  to  the  street  car  company  but  thousands  will 
contribute  who  do  not  do  so  at  the  present  high  rates. 

It  is  one  of  the  most  encouraging  sig^ns  of  the  times 


tliat  one  of  the  largest  street  railway  systems  in  the 
country  has  adopted  the  graduated  fare  system.  The 
Public  Service  Corporation  of  New  Jersey  is  trying  this 
plan,  as  it  was  found  to  be  the  best  way  in  which  to 
operate  their  lines  and  secure  the  necessary  revenue. 
The  system  they  have  introduced  calls  for  an  initial 
fare  of  3c  for  the  first  one  mile  zone,  with  an  extra  2c 
for  every  other  zone  or  fraction  of  a  zone  in  which  the 
ride  takes  place.  A  very  simple  plan  has  been  worked 
out  for  collecting  fares,  and  it  is  believed  that  after  a 
short  time  this  will  be  just  as  easy  to  handle  as  the 
present  flat  rate  system.  The  transfer  system,  with  its 
abuses,  is  eliminated ;  passengers  pay  for  what  they  get 
and  get  what  they  pay  for.  While  this  scheme  un- 
doubtedly compels  long  haul  passengers  to  pay  more 
for  their  rides,  it  is  only  simple  justice  that  they  should 
do  so.  The  number  of  short  haul  passengers  will  oe 
enormously  increased  and  the  street  railway  company 
will  have  its  reputation  enhanced  in  the  community  be- 
cause it  is  serving  all  of  the  people  at  a  rate  which  is 
commensurate  with  the  service  rendered.  Before  de- 
ciding on  the  rates  or  lengths  of  zones  for  other  cities, 
it  is,  of  course,  essential  that  a  study  be  made  of  local 
conditions. 

It  has  been  said  that  the  zone  system  tends  towards 
great  congestion  in  the  cities.  It  would  be  hard  to  con- 
ceive of  greater  congestion  than  has  been  built  up  'n 
New  York  City  and  other  large  cities  using  the  flat  rate 
system,  and  we  doubt  very  much  if  the  argument  has 
any  basis  for  its  existence.  It  is  founded  largely  on  the 
idea  that  everyone  wishes  to  do  business  in  the  same 
little  congested  area  and  utterly  disregards  the  number 
of  small  business  centers  which  are  scattered  through- 
out every  large  city  where  people  can  do  their  marketing 
and  congregate  for  various  other  purposes. 

If  the  flat  rate  system  is  to  be  maintained  for  the 
good  of  the  city  it  should  be  done  by  taxing  the  com- 
munity to  help  pay  the  cost  of  bringing  in  passengers 
from  the  suburban  districts.  This  tax  should  be  paid 
by  the  entire  city  rather  than  by  the  short  haul  passen- 
gers. The  results  of  the  introduction  of  the  zone  sys- 
tem in  New  Jersey  will  undoubtedly  be  watched  widi 
the  greatest  interest  by  all  street  railway  people. 


Mutuality  of  Interests  in  Practice 

BENJAMIN  E.  TILTON 

Vice-President, 
New  York  State  Railways 

AT  THE  PRESENT  time,  when  a  general  effort 
is  being  made  to  find  a  way  to  synchronize  fixed 
and  inflexible  man-made  laws  which  govern 
street  railway  fares  with  automatically  adjusting  and 
flexible  economic  laws  which  govern  operating  ex- 
penses, it  has  been  found  necessary  by  city  and  railway 
company  officials  to  resort  to  many  expedients  in  order 
to  permit  electric  railways  to  meet  expenses  and  prevent 
bankruptcy.  One  of  these  methods  was  adopted  by  the 
city  of  Syracuse  in  order  to  meet  the  question  of  the 
high  cost  of  railway  credit  and  thereby  permit  street 
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improvements  to  be  made  in  the  city. 

In  the  fall  of  1918  the  street  railway  company  in 
die  city  of  Syracuse  was  authorized  by  the  Public 
Service  Commission  to  collect  a  fare  of  six  cents.  This 
resulted  in  splendid  increases  in  receipts  and  partially 
met  the  increase  in  the  cost  of  wages  and  material 
which  has  taken  place  in  the  last  two  years.  During 
last  winter,  the  city  decided  that  it  was  necessary  to  re- 
new the  pavements  in  a  large  number  of  streets  on 
many  of  which  were  street  railway  tracks,  the  total 
cost  of  this  work  to  the  railway  company  being  approxi- 
mately $400000.  While  the  increase  in  receipts  from 
tlie  six  cent  fare  was  greater  than  had  been 
expected,  it  would  not  provide  funds  with  which 
to  carry  on  a  reconstruction  program.  Money 
could  not  be  obtained  under  present  conditions  from 
the  sale  of  securities  nor  from  the  use  of  credit 
at  the  banks  and  it  was,  therefore,  necessary  to  provide 
other  means  of  raising  the  money  to  meet  the  cost  of 
the  program  which  the  city  was  proposing,  or  not  un- 
dertake it  at  all.  With  this  in  view  an  application  was 
made  to  the  Public  Service  Commission  for  consent  to 
make  a  charge  of  one  cent  for  transfers  in  addition  to 
the  six  cent  fare  which  was  already  being  collected. 
As  a  result  of  this  application,  the  city  made  a  counter 
proposition  under  the  terms  of  which  the  city  would  un- 
dertake to  extend  its  credit  to  the  railway  company  in 
financing  the  improvements.  The  plan  which  was  pro- 
posed involved  an  amendment  to  the  present  franchise 
by  which  the  company  permitted  the  city  to  contract 
the  construction  of  tracks  in  the  streets  as  well  as  the 
pavements  and  assess  the  cost  of  such  work  to  the  rail- 
way company  over  a  period  of  ten  years  in  the  same 
manner  that  paving  assessments  are  made. 

The  practical  working  out  of  the  plan  has  been 
that  the  railway  company  is  receiving  the  contracts 
from  the  city  for  doing  the  work  of  reconstructing  its 
tracks  and  in  carrying  on  the  work  the  railway  com- 
pany is  financing  the  payrolls  and  material  costs  for  a 
period  of  one  month,  at  the  end  of  which  time  the  city 
is  reimbursing  the  company  for  the  money  expended 
during  the  previous  month  and  will  assess  this  against 
the  company,  to  be  paid  for  in  ten  annual  installments. 
Under  this  plan,  money  is  being  borrowed  from 
the  city  with  no  discount  and  at  five  percent  interest. 
The  city  is  getting  the  benefit  of  having  the  improve- 
ments, which  they  wish  made,  completed  and  the  rail- 
way company  is  getting  the  benefit  of  reduced  operat- 
ing expenses  on  account  of  better  track  conditions,  is 
having  ten  years  in  which  to  pay  for  the  expenditure,  is 
getting  the  money  with  no  discount  and  at  a  rate  of 
interest  of  five  percent. 

A  plan  of  this  sort  is  merely  indicative  of  the  fact 
that  the  time  is  not  far  distant  when  there  will  be  a 
full  and  active  realization  by  municipalities  and  railway 
companies  of  the  mutuality  of  their  interests  in  having 
the  railway  company  financially  successful,  which  con- 
dition is  necessary  for  the  progressive  operation  of  any 
business. 


The  Future  of  the  Birney  Safety  Car 

LUKE  C.  BRADLEY 

Texas  District  Manager, 

Stone  &  Webster 

THE  BIRNEY  safety  car  has  a  distinct  place  in 
city  transportation.  Until  the  advent  of  the 
jitney,  five  years  ago,  the  tendency  in  car  con- 
struction had  been  gradually  but  steadily  toward  larger 
units.  The  short  wheel  base,  single  truck  car  was 
rough  riding  and  objectionable  to  the  public.  There- 
fore the  demand  from  city  authorities  and  the  public 
for  heavy  double  truck  equipment  for  all  lines  under 
all  conditions  of  traffic.  These  large  cars,  with  the 
fast  increasing  vehicular  traffic  and  street  congestion, 
developed  one  of  the  worst  ills  in  street  railway  trans- 
portation— slow  service. 

The  public  is  primarily  interested,  in  the  order 
named,  in  four  things,  reliability — speed — comfort — 
safety.  The  speed  of  city  cars,  compared  to  other  modes 
of  paid-for  transportation,  is  the  slowest  of  all.  The 
jitney  brought  this  fact  clearly  home  and  conclusively 
showed  that  the  first  element  of  street  car  transporta- 
tion— speed — must  be  provided  or  the  loss  in  earnings 
of  street  railways  would  be  enormous.  These  condi- 
tions were  primarily  responsible  for  the  conception  of 
the  Birney  safety  car. 

What  has  this  type  of  car  accomplished?  It  has, 
wherever  properly  used,  completely  revolutionized  old 
methods  of  city  transportation.  Every  phase  of  its  op- 
eration has  been  successful.  It  has  created  new  traffic. 
The  details  of  its  use  throughout  the  country  are  too 
well  known  to  call  for  comment  in  this  brief  article. 
Any  type  of  car  used  in  city  transportation  that  fails  to 
promote  the  four  elements  recited — reliability — speed — 
comfort — safety- — is  a  step  in  the  wrong  direction.  All 
these  elements  are  combined  in  the  safety  car.  It  is  the 
biggest  step  forward  since  the  days  of  electrification. 
The  car  which  actually  gives  our  public  the  above  four 
elements  satisfies  them,  as  has  been  demonstrated 
wherever  the  Birney  car  is  in  use. 

A  type  of  car  which  occupies  such  a  distinct  place 
in  city  transportation  today  is  bound  to  extend  its  use- 
fulness until  such  time  as  the  development  of  the  art 
produces  something  better.  Those  interested  in  street 
railways,  whether  in  the  management  or  through  invest- 
ment, would  perform  a  real  service  both  to  the  inter- 
ests which  they  represent  and  to  the  public  which  they 
are  undertaking  to  serve  by  becoming  familiar  with  the 
various  advantages  which  the  Birney  safety  car  offers. 


Momentum   of  Custom 

EDWIN  D.  DREYFUS 

Consulting  Engineer, 

Pittsburgh 

WHILE  INERTIA  and  momentum  are  usually 
thought  of  in  connection  with  material  or  physi- 
cal objects,  like  characteristics  obtain  in  the  ca.se 
of  the  customs  and  the  attitude  of  people  (collectively 
more   than   individually).     The   greater   the   mass,   the 
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greater  the  inertia  or  momentum  r.s  the  case  may  be. 
Accordingly,  the  larger  the  population  affected  (the  rule 
appears  to  be)  the  more  difficult  it  is  to  retard  or  ac- 
celerate any  idea  or  change  in  viewpoint  on  subjects 
which  may  disturb  or  alter  in  any  way  the  conveniences 
that  have  been  enjoyed  or  rates  that  have  heretofore 
been  paid,  unless  the  new  condition  be  distinctly  favor- 
able to  the  public  either  in  the  way  of  increased  accom- 
modations or  lowered  charges  for  a  given  service,  or 
both.  Although  this  analogy  may  seem  trite  and  com- 
monplace, it  applies  with  particular  force  to  the  street 
railway  industrj'.  When  one  reflects  upon  the  matter, 
it  is  realized  that  there  are  few  if  any  other  businesses 
which  are  confronted  with  the  like  problem  of  measur- 
ing or  dividing  the  service  into  convenient  units,  dis- 
tances or  other  means  of  determining  rates.  In  almost 
every  other  form  of  business,  the  problem  of  the  fair 
quantitative  treatment  of  the  product  or  service  is  com- 
paratively simple  but  the  street  railway  virtually  stands 
alone  in  this  respect  in  that  it  is  very  difficult  in  actual 
operation  to  separate  or  classify  the  extent  of  service 
of  which  each  individual  patron  avails  himself  and  al 
the  same  time  vary  the  charge  accordingly.  Sugges- 
tions have  been  made  that  a  primary  readiness-to-serve 
or  what  might  logically  be  termed  "entrance"  charge 
might  be  made  as  the  passenger  boards  the  car,  which 
may  cover  in  addition  a  predetermined  and  limited  dis- 
tance, and  a  second  or  riding  distance  charge  depend- 
ing upon  the  length  of  ride.  But  due  to  the  complica- 
tion in  the  registration  and  collection  in  such  a  variable 
scale  of  fares,  a  plan  of  this  kind  will  only  come  into 
general  use  in  the  larger  centers  of  population  through 
a  rather  slow  process  of  evolution.  In  the  meantime, 
operating  companies  will  be  compelled  to  resort  to  a 
workable  present-day  solution  which  will  differentiate 
in  some  equitable  and  practical  way  between  the  short 
and  long  haul  riders,  providing  for  continuity  and  over- 
lapping of  the  riding  distances  of  different  passengers. 

Changes  in  the  basis  of  charging  for  street  railway 
service  were  slow  at  first.  In  the  majority  of  localities, 
however,  increased  fares  of  one  kind  or  another  have 
now  been  installed,  although  a  few  municipalities  have 
succeeded  in  still  restraining  the  operating  companie-^ 
from  raising  their  rates.  This  hindrance  which  the 
street  railways  encountered  is  largely  responsible  for 
the  present  deplorable  financial  condition  of  many  op- 
erating companies.  Unfortunately  when  the  street  rail- 
way business  was  started,  the  possibility  of  such  a  de- 
preciated value  of  currency  was  not  contemplated. 
Along  with  the  dollar,  the  nickel  fare  has  shrunk  to 
about  50  percent  of  its  former  worth.  In  other  word.-:, 
the  revenue  resulting  from  the  nickel  collection  will  pur- 
chase in  the  form  of  labor,  materials  and  supplies  but 
one-half  of  the  amount  which  it  did  in  pre-war  days. 
Owing  to  the  growth  of  the  community  served,  the 
urban  street  railway  situation  was  further  aggravated 
by  the  usual  co-extension  of  the  single  fare  limit  with 
the  new  boundaries  of  the  residential  and  manufactur 


ing  area.  Moreover,  more  commodious  and  frequent 
service  has  been  exacted  in  many  communities,  all  of 
which  the  majority  of  companies  would  in  all  proba- 
bility have  provided  voluntarily  if  they  had  been  free  to 
prosecute  their  business  along  proper  lines  and  thus 
secured  means  sufficient  to  have  enabled  them  to  meet 
all  reasonable  demands  of  the  seivice. 

For  several  decades  the  street  railways  have  been 
the  football  of  politics.  Consequently  antagonistic 
sentiment  against  the  railways  was  engendered.  The 
friction  between  the  companies  and  its  patrons  resulting 
had  the  final  effect  of  so  handicapping  such  companies 
that  they  naturally  were  unable  to  meet  shifting  con- 
ditions. To  offset  the  serious  position  into  which  a 
great  many  companies  were  thus  forced,  desperate  ef- 
fort had  to  be  made  to  obtain  relief.  The  public  has 
been  slow  in  yielding  their  consent  to  any  general  ad- 
vances in  rates.  The  Public  Service  Commissions,  on 
the  other  hand,  have  acted  wisely  in  granting  their  ap- 
proval of  increased  charges  in  the  cases  over  which  they 
have  had  jurisdiction. 

Notwithstanding  the  temporary  improvements 
which  have  thus  been  realized,  a  vast  amount  of  work 
is  still  to  be  accomplished  by  the  railway  utilities.  The 
needs  of  the  companies  and  the  demands  of  the  public 
must  of  course  be  properly  reconciled.  Due  to  the  in- 
ertia inherent  in  the  task,  no  time  should  be  lost  in  mak- 
ing a  critical  study,  where  necessan/,  of  all  of  the  under- 
lying factors  of  the  business  and  a  sincere  attempt 
should  be  made  to  evolve  a  system  of  fares  which  wiil 
establish  justice  all  around.  Evidently  the  company  on 
the  one  hand  must  have  sufficient  earnings  to  meet  its 
due  financial  obligations — being  deprived  of  which  it 
rapidly  reaches  an  exhausted  and  crippled  state — and  on 
the  other  hand  the  community  must  have  adequate 
transportation  facilities,  together  with  such  a  system 
of  rates  as  will  not  superinduce  any  congested  living 
conditions  but  contrarily  may  promote  the  development 
of  the  suburban  districts.  Manifestly  this  latter  feature 
represents  one  of  the  most  delicate  phases  of  the  prob- 
lem. The  riding  habit  of  the  short  haul  passenger  must 
be  encouraged  but  this  is  impossible  for  the  company  to 
do  if  it  must  make  too  many  sacrifices  in  behalf  of  the 
long  distance  rider.  An  obvious  aid  in  such  cases  is 
for  the  municipalities  to  lift  the  burden  of  taxes,  street 
paving  and  other  assessments,  thereby  leaving  the  ult.- 
mate  payer — the  car  rider — to  defray  only  such  items 
of  expense  as  are  incident  to  transportation.  Many 
methods  of  .solving  the  situation  have  been  tried  and  a 
number  of  them  are  working  satisfactorily.  No  two 
communities  are  alike  in  all  respects  and  each  locality 
must  be  analyzed  and  treated  in  an  individual  sense. 

What  has  preceded  applies  in  the  main  to  urban 
.ailways,  but  the  interurban  class  has  similar  problems 
although  more  easily  surmountable.  The  large  question 
with  the  interurban  roads  has  been  the  selection  between 
varying  the  zone  distances  or  the  zone  rate  of  fare. 
Mere  the  best  interest  of  both  the  ulilitv  and  the  travel- 
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ling  public  must  be  weighed  deliberately  and  at  the  same 
time  the  force  of  custom  is  not  to  be  overlooked. 

It  is  therefore  apparent  that  the  available  data  on 
all  new  plans  should  be  gathered  for  the  benefit  of  the 
industry  as  a  whole.  The  various  factors  to  be 
reckoned  with  are  geographical,  topographical,  distribu- 
tional, physical,  political,  psychological  and  financial,  be- 
sides those  which  distinctly  come  within  the  domain  of 
management  and  operation.  In  applying  a  revised  and 
correct  rate  method  on  any  property  involving  as  it  ma\- 
an  appreciable  change  in  the  habits  and  customs  of  the 
car  riders,  it  is  plain  that  in  order  to  avoid  unpleasant- 
ness and  criticism,  intelligent  direction  must  be  given 
to  bringing  the  people  as  a  body  to  a  full  comprehen- 
sion of  all  equities  and  properties  in  the  case.  In  view 
of  the  natural  opposition,  the  task  is  manifestly  no 
simple  one,  hence  an  extended  period  of  time  may  neces- 
sarily be  consumed  in  its  accomplishment.  Plainly,  it 
is  vital  that  we  seize  advantage  of  the  present  moment 
to  effect  due  adjustments  and  to  issue  befitting  propa- 
ganda. 


Co-operation   between    Operators,    Car 
Builders  and  Equipment  Manufacturers 

j.  S.  TRITLE 
Manager,   St.   Louis   District  Office, 
VVcstinghouse   Electric  &  Mfg.   Co. 

THE  GREAT  advantages  to  the  railway  industry 
of  having  the  car  operators,  car  builders  and 
equipment  manufacturers  working  together  in 
close  harmony  should  be  selfevident.  A  typical  ex- 
ample of  the  results  obtainable  is  shown  in  the  develop- 
ment, manufacture  and,  incidentally,  the  promotion  of 
the  light  weight  safety  car.  On  many  lines,  where  a 
deficit  was  shown  with  the  operation  of  the  old-time 
two-men  heavy-weight  car,  these  same  lines,  now 
equipped  with  the  safety  car,  are  showing  a  good  net 
profit.  Development  of  this  car  would  have  been  al- 
most an  impossibility  without  the  working  together  of 
car  builders  and  equipment  manufacturers  to  produce  a 
complete  car  in  accordance  with  the  ideas  of  the  in- 
ventor. 

But  a  short  time  ago,  practically  every  master 
mechanic  had  his  own  ideas  about  how  a  car  should  be 
built,  and  there  was  no  such  thing  as  a  standard  car 
with  any  car  manufacturer.  This  meant  that,  on  each 
order,  the  car  builder's  designer  must  make  new  plans 
and  specifications,  and  in  many  cases  the  completed  car 
did  not  come  within  the  weight  specified.  After  the 
order  for  the  car  was  placed,  it  sometimes  took  from 
two  or  three  months  before  complete  data  could  be  in- 
terchanged between  the  car  builder  and  the  equipment 
manufacturer.  Upon  receiving  the  car  specifications, 
the  equipment  manufacturer  tried  to  have  one  of  the 
many  styles  of  motors  they  were  making  installed  to  the 
best  advantage,  in  some  cases  having  a  motor  exactly 
suitable,  in  other  cases  motors  that  were  too  large  and 
on  others  motors  that,  upon  the  car  being  put  into  ser- 
vice, proved  to  be  too  small.     The  ultimate  result  was 


that  the  cars  and  equipments  cost  the  railway  companies 
a  much  larger  amount  than  they  should,  had  the  cars 
and  equipments  been  designed  for  each  other. 

Under  the  old  practice,  it  was  impossible  to  have 
quantity  production,  as  no  company  could  stock  cars; 
and  due  to  the  large  number  and  variety  of  railway 
equipments,  it  was  impossible  to  stock,  to  any  extent, 
railway  motors.  Even  if  the  motors  could  be  had 
within  a  short  time  and  some  gears  were  in  stock,  the 
gear  ratio  was  probably  wrong,  necessitating  special 
orders,  and  in  some  cases  considerable  delay.  Withou' 
quantity  production  the  cost  of  all  manufactured  articles 
is  unquestionably  high,  and  this  cost  ultimately  must  be 
borne  by  the  railway  companies. 

Another  exceedingly  important  matter  is  the  ques- 
tion of  delivery.  With  the  present  close  working  to- 
gether of  the  car  builder  and  the  equipment  manufac- 
turer, deliveries  can  be  made  in  about  one-half  the  time 
required  in  the  past,  thus  allowing  the  railway  com- 
panies to  put  cars  that  can  become  revenue  producers 
into  operation  from  two  to  three  months  earlier  than 
under  the  older  methods. 

Without  a  close  working  arrangement  between  the 
car  builder  and  the  equipment  manufacturer,  there  is 
small  prospect  of  either  of  them  making  a  reasonable, 
if  any,  profit  on  the  manufactured  article;  while  with 
close  co-operation,  a  reasonable  profit  can  be  made  by 
the  different  manufacturers,  and  the  railway  companies 
will  obtain  a  inuch  superior  article,  at  a  considerable 
saving. 

Looking  backward  and  viewing  the  time  of  the 
heavy  weight  of  cars,  with  the  large  motors  necessary 
to  operate  them,  and  seeing  the  necessity  of  putting  in 
90  to  no  lb.  rails,  with  all  of  the  other  costly  work,  one 
can  readily  see  the  great  saving  that  could  have  been 
made  if  the  manufacturers  had  worked  closely  together, 
showing  to  the  railway  companies  the  great  advantages 
of  standardization,  thus  enabling  them  not  only  to  cut 
down  the  cost  of  the  car,  but  of  the  track  work,  over- 
head lines,  power  house  equipment  and,  last  but  not 
least,  the  item  of  labor.  Reports  now  being  received 
from  superintendents,  electrical  engineers  and  master 
mechanics  tend  to  show  that  the  saving  in  maintenance 
of  the  track,  power  house  equipment,  overhead  Imes, 
etc.,  is  almost  in  proportion  to  the  weight  of  the  car. 

It  seems  evident  that,  if  a  close  working  arrange- 
ment could  have  been  had  in  the  past  between  the  car 
builder  and  the  equipment  manufacturer  as  we  have  at 
present,  many  of  the  ills  that  street  railway  properties 
are  now  heir  to  could  have  been  avoided.  The  greatest 
question  at  the  present  time  before  the  public  is  un- 
doubtedly the  League  of  Nations,  and  with  a  similar 
idea  of  organized  co-operation  in  view  it  would  seem 
that  this  is  a  very  opportune  time  for  the  entire  elec- 
trical industry,  comprising  central  stations,  street  rail- 
ways, manufacturers,  jobbers,  dealer-contractors,  engi- 
neers, etc.,  to  take  steps  to  have  one  unified  organiza- 
tion, all  working  together  for  the  benefit  of  the  electrical 
industry  as  a  whole. 


Electric  Railway  Passenger  and  Freij 
Transportation 


C.  E.  Morgan 

General  Superintendent, 

Michigan  Railway  Company 


ELECTRIC  railways  have  one  product  or  com- 
modity to  sell,  that  is  transportation.  To  the 
life  of  the  industrial  world  transportation  is  as 
vital  as  sleep  is  to  the  human  being,  and  without  sleep 
ue  human  beings  would  soon  perish.  Likewise,  with- 
out transportation,  our  industrial  and  commercial  ac- 
tivities would  cease,  and  the  population  of  some  of  our 
larger  cities,  depending  solely  upon  transportation  for 
food  supplies,  would  reach  the  point  of  starvation 
within  sixty  hours. 

Transportation  is  a  factor  that  enters  into  every 
line  of  business  and  it  is  the  duty  of  any  transportation 
<ompany  to  move  their  passengers  and  freight  in  safety, 
<omfort  and  despatch  between  any  two  points  reached 
by  their  own,  or  connecting  lines.  The  electric  lail- 
ways  have  become  an  important  factor  in  the  transnor- 


four  hour  per  day  basis,  is  not  operated,  with  a  few 
exceptions,  to  the  fullest  capacity,  inasmuch  as  it  does 
not  operate  either  passenger  or  freight  service  between 
the  hours  of  midnight  and  5  A.M.  and,  in  fact,  there 
are  few  passenger  trains  operated,  on  what  are  com- 
monly known  as  interurban  lines,  after  7  P.M.  that  earn 
enough  revenue  to  pay  the  expense  of  their  operation. 
Yet,  with  these  conditions  there  are  many  instances 
where  the  freight  service  furnished  by  electric  rail- 
ways is  rendered  wholly  between  the  hours  of  5  A.M. 
and  9  P.M. 

Traffic  and  operating  officials,  in  making  freight 
schedules,  should  bear  in  mind  that  any  commodity 
transported  over  their  lines  should  be  handled  in  the 
shortest  time  possible  from  the  originating  point  to 
destination  and,  inasmuch  as  the  majority  of  the  freight 
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tation  business,  and  are  so  recognized  by  the  Govern- 
ment. At  present  many  electric  railway  operators  are 
■overlooking  the  opportunity  to  take  advantage  of  secur- 
ing additional  revenue  from  the  transportation  of 
freight  commodities.  Primarily,  electric  railways  were 
■built  as  passenger-carrying  lines,  starting  first  with  the 
extended  street  car  line  and  later,  through  extensions 
and  consolidations  and  traffic  arrangements  with  con- 
necting lines,  they  have  been  able  to  extend  their  ser- 
vice beyond  the  original  promotor's  dreams.  If  as 
much  attention  was  given  to  the  development  of  the 
freight  service  as  was  originally  given  to  the  hauling  of 
passengers,  many  electric  railways  would  be  in  much 
better  financial  condition  at  this  time. 

Through  a  well  organized  traffic  and  operating  de- 
partment, the  revenue  derived  from  transportation  of 
freight  commodities  could  be  materially  increased  on 
every  line,  even  with  the  present  freight-handling  facili- 
ties found  on  the  average  line.  The  electric 
railway,  with  its  heavy  capital  investment  and  over- 
head expense  on  which  interest  is  accruing  on  a  twenty- 


shipments  are  delivered  to  the  freight  houses  of  tlie 
transportation  companies  within  the  last  two  hours  of 
closing  time  of  receiving  such  freight,  facilities  at  such 
receiving  points  and  terminals  should  be  such  as  to 
avoid  taking  this  freight  from  the  trucks  and  placing 
it  in  the  freight  house.  With  the  one  handling,  it 
should  be  taken  from  the  receiving  door  and  trucked 
directly  into  the  car  in  which  it  is  to  be  transported 
to  destination,  thus  eliminating  extra  handling.  It 
costs  30  cents  or  more  per  ton  for  each  ton  handled 
through  the  average  freight  house,  and  with  the  high 
cost  of  labor  and  material,  it  is  the  duty  of  every  trans- 
portation officer  or  employee  to  eliminate  any  extra 
work  or  the  delays  in  handling  such  commodities. 

/\s  above  mentioned,  few  electric  railways  attempt 
to  utilize  the  portion  of  the  twenty-four  hours  that  their 
plant  is  not  productive.  The  management  of  electric 
railways  should  develop  their  freight  business  to  such  a 
point  by  doing  the  bulk  of  their  freight  business  at 
night,  when  freight  trains  could  be  handled  on  the  line 
with  the  least  delay  and  interruiition  to  passenger  ser- 
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vice,  for  when  freight  trains,  particularly  the  local 
freight  trains,  are  operated  on  a  line  that  attempts  to 
give  frequent  service,  the  freight  trains  are  not  handled 
efficiently,  due  to  the  time  consumed  by  such  trains  in 
clearing  time  of  passenger  trains,  whereas,  if  operated 
when  there  are  few  if  any  passenger  trains,  consider- 
able time  is  saved  by  the  freight  trains  on  account  of 
its  being  unnecessary  for  them  to  take  sidings. 

A  great  many  of  the  railway  operators  are  over- 
looking the  carload  business,  and  it  is  surprising  how 
many  carload  shipments  can  be  secured  and  handled 
with  the  regular  freight  schedule,  it  being  the  duty  of 
such  operators  to  keep  their  freight  trains  loaded  as 
well  as  their  motor  cars — but  motors  should  not  be 
overloaded. 

Transportation  companies  should  bear  in  mind  that 
they  are  doing  business  at  some  other  person  or  firm's 
loss  in  that  when  any  commodity  is  in  transit 
between  two  points  no  one  is  receiving  any  return  on 
the  value  of  such  commodity  until  it  has  reached  its 
destination  and  been  received  by  the  consignee.  If 
the  commodity  shipped  by  the  consignor  is  taken  from 
his  plant  at  the  close  of  his  day's  business  and  trans- 
ported during  the  night,  or  while  his  plant  as  well  as 
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that  of  the  consignee  is  idle,  and  delivery  is  made  early 
the  next  morning  to  the  consignee,  then  the  transpor- 
tation company  has  given  the  correct  service  and  by 
such  service  has  not  added  to  the  capital  investment  re- 
quired by  the  consignor  as  working  capital.  However, 
if  this  shipment  had  been  received  in  the  evening,  and 
was  not  delivered  until  the  second  morning,  then  the 
transportation  company  has  caused  the  consignor  to 
■double  his  working  capital  in  case  all  his  product  was 
moved  over  or  between  the  points  where  over-night  ser- 
vice was  not  given.  Or  where  the  electric  railway  does 
not  start  their  freight  trains  out  until  the  morning  of 
the  next  day  and  such  freight  does  not  reach  its  destina- 
tion until  late  in  the  afternoon  of  the  same  day,  this 
likewise  results  in  a  delay  of  twenty-four  hours. 

It  is  true  there  are  many  electric  railways  whose 
freight  business  does  not  warrant  operating  pov/er 
plants  with  which  to  supply  power  to  their  freight  mo- 
tors during  the  time  that  passenger  service  is  not  in  op- 
.eration,    and    in    many    cases,    this    has    kept    electric 


railways  from  giving  the  over-night  service,  whereas,  if 
the  shippers  knew  that  they  could  secure  such  over- 
night service  on  the  electric  railway,  the  freight  service 
could  be  developed  to  a  point  where  it  would  warrant 
running  the  power  plant  on  a  twenty-four  hour  basis. 
Further,  the  operation  of  the  freight  trains,  particularly 
during  the  rush  hour  periods  has  given  the  power  plant 
a  peak  load  that  would  have  been  reduced  considerably 
if  the  freight  trains  were  operated  at  other  times  than 
during  these  rush  hours.  On  account  of  this  it  has 
been  necessary  in  many  instances  to  add  power  house 
equipment  to  take  care  of  these  peaks  at  an  additional 
expense. 

The  local  conditions  on  the  respective  lines  must  be 
considered  carefully  in  laying  out  freight  schedules.  It 
is  often  necessary  to  operate  some  freight  trains  dur- 
ing the  daytime,  to  take  care  of  perishable  freight,  milk 
shipments,  etc. 

Night  service  enables  transportation  companies  to 
work  freight  equipment  more  frequently  and  requires 
less  labor  at  terminal  warehouses  and  will  enable  the 
handling  of  considerably  more  freight  through  the  same 
warehouse,  due  to  having  the  cars  at  the  various  sta- 
tions, which  should  be  unloaded  the  first  thing  in  the 
morning  when  few  outbound  shipments  are  received 
and  the  cars  will  be  made  empty  so  that  when  the  rush 
hour  is  reached  in  the  receiving  time,  freight  with  one 
handling  can  be  put  directly  into  the  cars.  Otherwise, 
if  the  freight  trains  were  operated  during  the  day  time, 
these  cars  would  not  be  available,  and  the  freight  would 
either  have  to  be  floored  in  the  warehouse,  awaitmg 
cars,  or  it  would  be  necessary  to  make  an  investment  in 
additional  rolling  stock,  which  in  turn  would  require 
additional  track  facilities. 

There  are  many  electric  lines  connecting  with  each 
other,  that  by  making  joint  traffic  arrangements  could 
inaugxtrate  through  service  between  more  distant  points 
on  respective  lines,  and  by  inaugurating  through  freight 
schedules  as  well  as  passenger  service,  the  revenues  of 
the  various  roads  joining  in  the  through  service  would 
be  materially  increased  and,  at  the  same  time  would 
eliminate  the  transferring  of  freight  at  the  various 
terminals.  It  is  surprising  how  much  additional  car 
load  business  can  be  done  by  such  an  arrangement,  and 
it  has  been  the  experience  of  electric  railways  that,  as 
soon  as  such  through  service  has  been  inaugurated,  it 
has  shortly  outgrown  the  facilities,  and  when  this  point 
has  been  reached  careful  and  prompt  consideration 
should  be  given  to  increasing  particularly  the  ware- 
house and  track  facilities. 

In  the  Central  States,  the  electric  railways  have  in 
the  past  few  years  given  more  attention  to  the  freight 
business.  Instead  of  the  freight  business  being  a  side 
issue,  with  revenues  amounting  to  eight  to  ten  per- 
cent of  the  gross  revenue,  they  have,  b}'  through 
routes  and  overnight  service,  built  up  the  freight  busi- 
ness between  the  various  points  reached  by  such  lines 
until  the  freight  revenue  has  become  an  important  fac- 
tor in  the  earnings  of  such  properties.  .;_,,.. I 
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As  an  example  of  what  can  be  done  in  operating 
through  service,  there  is  now  through  overnight  service 
between  Akron,  Ohio  and  Detroit,  Michigan,  a  distance 
of  213  miles,  between  Dayton  and  Troy,  Ohio  to  De- 
troit, Michigan,  a  distance  of  219  miles,  between  Dayton 
and  Indianapolis,  108  miles,  Indianapolis  and  Louisville, 
Ky.,  117  miles,  Indianapolis  and  Fort  Wayne,  Ind.  136 
miles,  between  Grand  Rapids  and  Detroit,  Michigan  184 
miles,  between  Kalamazoo,  and  Detroit,  146  miles,  be- 
tween Lansing  and  Detroit,  113  miles,  between  Detroit 
and  Bay  City  116  miles.  The  above  mentioned  service 
being  through  service  operated  over  two  or  more  elec- 
tric railways.  In  connection  with  the  Graham  &  Morton 
Transportation  Company,  the  Michigan  Railway  gives 
overnight  service  between  points  on  their  line,  particu- 
larly Grand  Rapids  and  Chicago,  a  distance  of  143 
miles.  The  above  business  is  handled  mostly  in  through 
express  cars,  commonly  called  trailers,  and  in  some 
cases  provides  for  through  motor  car  operation. 

A  great  many  lines  in  the  Central  States,  particu- 
larly Michigan,  make  delivery  between  all  points  on 
their  line  overnight.  This  is  service  with  which  even 
the  express  companies  operating  on  the  steam  lines  can- 
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not  compete.  The  additional  competition  now  before 
the  electric  railways,  in  the  form  of  the  gasoline  mo- 
tor truck,  makes  it  even  more  necessary  to  give  greater 
attention  to  the  handling  of  freight. 

Another  important  matter  that  should  not  be  over- 
looked in  connection  with  operating  freight  trains  at 
night,  is  that  so  doing  will  eliminate  a  great  deal  of  the 
objections  raised  by  municipalities  to  freight  trains  op- 
erating over  their  streets  during  the  day  time,  which 
also  interferes  more  or  less  with  city  car  operation.  By 
operating  through  these  towns  at  night,  especially  after 
II  P.M.  there  is  hardly  any  objection  raised,  and  this 
also  permits  the  operation  of  longer  freight  trains,  with 
a  consequent  less  delay. 

The  traffic  department  should  be  properly 
organized,  with  through  rates  and  proper  solicitation  of 
both  freight  and  passenger  business.  It  should  have 
solicitors  that  are  not  merely  order  takers  but  can  point 
out  to  the  shippers  and  patrons  of  the  service  that  the 
electric  railways  can  save  the  shippers  money  by  giving 
prompt  service.  The  freight  business  is  really  handled 
with  more  prompt  dispatch  than  that  of  the  express 
companies  at  freight  rates,  and  such  solicitors  should 
go  into  details  with  prospective  shippers  and  keep  a 
lookout   for  business  at  all  times  and  thoroughly  ex- 


plain how  the  electric  railways,  by  giving  overnight  ser- 
vice, can  reduce  their  working  capital  or  interest 
charges.  In  this  connection  the  operating  department 
must  fully  co-operate  with  the  traffic  department  to 
bring  about  service  that  will  be  satisfactory  to  the  pa- 
trons of  the  line. 

The  laying  out  of  schedules  is  not  a  question  al- 
together of  making  high  speed — it  is  a  question  of  regu- 
larity of  the  service — and  such  schedules  should  be 
elastic  enough  to  take  care  of  ordinary  operating  de- 
lays, as  it  is  regularity  of  service  that  wins  approval 
with  the  shippers. 

Passenger  schedules  of  electric  railways  can  ma- 
terially be  improved,  particularly  as  to  connections  be- 
tween various  lines,  and  where  possible  through  ser- 
vice should  be  operated,  running  through  over  various 
lines.  In  building  up  train  schedules,  it  is  not  always 
necessary  to  schedule  them  as  fast  as  they  can  run,  as 
the  general  public  do  not  like  a  train  to  be  late,  it  being 
much  better  to  build  a  schedule  that  can  be  maintained, 
even  though  it  consumes  more  time,  as  it  is  the  regu- 
larity of  the  service  that  attracts  the  business  to  the 
road. 

The  electric  railways  at  this  particular  time  have 
an  opportunity  in  the  transportation  of  freight,  that 
should  not  be  overlooked,  largely  due  to  the  Govern- 
ment controlling  the  steam  lines,  practically  eliminating 
the  competition  between  them  and  stopping  the  solici- 
tation by  such  lines,  and  now  is  the  time  to  take  advan- 
tage of  such  conditions  and  educate  the  people  to  .ship 
their  freight  by  the  electric  railways.  At  the  same  time 
there  is  a  noticeable  change  in  the  attitude  of  the  steam 
lines  towards  the  interchanging  of  business  between 
steam  and  electric  roads.  There  are  also  many  cases 
where  factories  could  be  located  on  electric  railv^ 
lines,  connections  made  with  steam  lines  and  switching 
arrangements  made  whereby  the  revenue  of  the  electric 
railway  could  be  materially  increased. 

To  secure  the  greatest  efficiency  from  the  equip- 
ment on  electric  railways  and  to  insure  its  prompt 
movement,  the  distribution  and  handling  of  the  cars  are 
important  factors,  keeping  in  mind  the  balancing  of  the 
freight  movements  in  order  to  eliminate  the  deadhead- 
ing of  empty  equipment.  This  cannot  be  handled  sat- 
isfactorily by  allowing  agents  or  division  traffic  or  op- 
erating officials  to  handle  their  own  cars.  This  work 
should  be  assigned  to  someone  at  a  central  point,  so  that 
the  movement  of  all  cars  on  all  divisions  can  be  followed 
closely.  Then,  as  soon  as  they  are  unloaded,  they  can 
be  placed  where  another  load  will  be  waiting  for  them 
with  the  least  possible  delay. 

The  average  earning  per  freight  car  per  day  on 
steam  lines  is  approximately  $3  with  an  average  mileage 
movement  of  10  miles  per  day,  while  on  electric  rail- 
ways the  earnings  per  day  have  reached  as  high  as  $36 
per  day  for  every  car  operated,  and  the  average  mileage 
per  day  made  by  such  cars  is  nearly  57  miles  per  day, 
this  being  on  property  where  overnight  service  prevails. 

The  motor  trucks  should  be  made  to  feed  the  elec- 
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trie  railway  line  service,  instead  of  being  allowed  to 
compete  with  it.  The  possibility  for  increased  revenue 
through  the  freight  that  will  be  brought  to  your  lines 
by  entering  into  contract  with  such  trucking  concerns 
operating  to  points  not  reached  by  your  line,  or  in  terri- 
tories not  served  by  either  steam  or  electric  railways, 
is  worth  looking  into,  even  going  so  far  as  to  arrange 
through  rates  and  filing  joint  tariffs  with  such  motor 
truck  routes.  The  Michigan  Railway  Company  have 
such  working  arrangements  with  motor  truck  lines,  and 
have  found  it  to  be  quite  advantageous  both  in  keeping 
down  truck  competition  and  increasing  freight  revenues. 
Many  railways,  as  their  freight  business  has  grown, 
have  pressed  into  the  freight  service  motor  equipment 
from  the  passenger  service.  Others  make  the  mistake 
of  purchasing  new  equipment  with  gear  ratios  as  high 
as  they  use  on  their  passenger  equipment.  This  results 
in  abnormal  power  consumption  and  the  limiting  of  such 
motors  to  a  lighter  tonnage,  which  involves  higher  op- 
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crating  expenses  as  the  business  increases,  due  to  the 
necessity  of  adding  additional  units  or  additional  motor 
cars,  and  at  the  same  time  raising  the  cost  of  mainten- 
ance of  such  equipment. 

It  is  a  well-known  fact  that  the  speed  varies  in- 
versely as  the  ratio  of  gear  teeth  to  pinion  teeth,  and 
that  the  tractive  efifort  varies  directly  as  the  ratio  and 
with  an  increase  in  speed,  at  any  given  current,  the 
tractive  effort  proportionally  decreases.  A  freight  mo- 
tor car  adapted  for  single  car  operation  or  able  to 
handle  from  one  up  to  five  trailers,  is  one  of  the  most 
valuable  types  of  motive  power  on  electric  railways, 
particularly  if  this  unit  is  used  on  local  freight  runs, 
where  the  motor  can  be  loaded  and  used  as  the  peddler 
for  way  stations.  On  account  of  using  such  cars  for 
switching  movements  quite  frequently,  they  should  also 
be  equipped  with  motors  and  control  of  sufficient  ca- 
pacity to  stand  the  heavy  duties  imposed  upon  them, 


particularly  in  switching  where  an  interchange  is  made 
with  steam  lines,  as  it  is  necessary  at  times  to  handle  a 
cut  of  cars  that  ordinarily  would  overload  the  average 
freight  motor.  With  a  high  gear  ratio,  such  a  motor 
car  would  not  be  able  to  handle  such  a  train  without 
the  slipping  of  wheels  and  the  overheating  of  resistors, 
motors,  etc.  There  are  many  cases  where  electric  loco- 
motives meet  the  service  conditions  better  than  the 
freight  motor  car  that  carries  a  body  that  can  be  loaded 
with  freight. 

It  has  been  the  general  experience  of  electric  rail- 
way operators,  who  have  realized  the  possibility  of 
freight  business  and  the  revenue  derived  therefrom,  that 
in  laying  out  terminals,  freight  houses,  track  facilities 
and  equipment,  by  the  time  they  have  such  facilities 
completed  and  equipped  for  service,  invariably  the  busi- 
ness has  grown  beyond  the  facilities  they  had  just  com- 
pleted. This  demonstrates  that  electric  railway  in- 
terests have  never  fully  awakened  to  the  possibilities  of 
freight  transportation.  We  find  further,  that  some  of 
the  electric  railways  are  satisfied  to  handle  only  cer- 
tain commodities  of  freight,  while  it  has  been  found 
that  a  railway  that  steps  out  after  all  classes  of  business 
both  less  than  car  load  and  car  load  shipments,  and 
not  any  certain  commodities,  is  generally  the  railway 
with  the  largest  net  receipts  from  freight  transporta- 
tion. 1 

Another  source  of  revenue  that  has  been  over- 
looked by  a  great  many  railways  is  the  handling  of 
what  is  commonly  known  as  despatch  freight  on  passen- 
ger cars.  When  the  Government  took  over  the  steam 
railroads  and  shortly  consolidated  the  express  com- 
panies, many  electric  railways  found  themselves  with- 
out the  old  line  express  companies  operating  over  their 
lines,  and  in  a  few  cases  old  line  express  companies 
only  operate  on  electric  railways  to  points  that  could  not 
be  reached  by  steam  lines,  resulting  in  the  loss  of  re- 
ceipts to  the  electric  railway.  There  is  quite  a  demand 
for  movement  of  freight  shipments  at  times  other  than 
when  the  regular  freight  service  is  in  operation,  and  a 
good  many  of  the  lines  in  the  Central  States  have  in- 
augurated the  so-called  despatch  freight  system,  where- 
by a  shipper  can  have  his  shipment  handled  on  a  passen- 
ger train,  as  most  cars  in  the  Central  States  are  equipped 
with  baggage  compartment.  Such  a  shipment  is  usually 
handled  at  a  rate  of  about  double  the  first  class  freight 
rate,  and  inasmuch  as  it  is  necessary  to  have  the  sta- 
tion help  already  employed  to  handle  baggage,  sell 
tickets,  etc.,  these  same  employees  can  handle  this  des- 
patch freight  without  any  extra  expense.  Even  though 
making  only  the  station  deliveries,  not  operating  any 
wagon,  pick  up,  or  delivery  service,  the  consignees  are 
able  to  secure  their  shipments  in  less  time  than  if  they 
had  shipped  by  old  line  express  companies.  The  lines 
that  have  gone  into  this  have  found  it  very  profitable, 
more  than  ofFseting  the  loss  experienced  by  the  loss  of 
the  old  line  express  business. 

To  develop  the  freight  business,  it  is  necessary  to 
analyze  the  territory  to  be  served,  not  only  in  the  terri- 
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tory  reached  by  your  own  line  but  other  lines  as  well,  to 
provide  proper  facilities  in  the  way  of  stations,  tracks, 
sidings,  etc.,  to  arrange  a  well-organized  traffic  depart- 
ment, to  provide  proper  motive  power  and  rolling  stock, 


especially  trailer  freight  cars,  and  to  follow  publicity 
by  personal  solicitation,  and  above  all  to  see  that  the 
service  is  regular  and  meets  the  demands  of  the 
shippers. 


e  y/ltli  the 
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E.  A.  Palmer* 

San  Francisco  District  Office, 

Westinghouse  Electric  &  Mfg.  Company 


THERE  are  in  the  United  States  approximately 
47  500  miles  of  electric  railway  lines,  represent- 
ing an  investment  of  about  five  billion  dollar.s. 
This  comprises  elevated,  surface  and  subway  lines  fur- 
nishing city,  suburban,  intcrurban  and  heavy  traction 
rapid  transit  to  the  centers  of  population.  In  191 7 
this  industry  produced  a  net  income  of  $41  800000.  In 
1918  although  handling  over  eleven  billion  passengers 
the  net  income  was  $10  700  000.  Among  the  causes 
contributing  to  this  shrinkage  in  earnings  the  following 
are  generally  known  : — 

I — The  increase  in  operating  expense  due  to  the  higher 
wage  rate  and  material  cost,  brought  about  by  the  great 
world  war. 

2 — The  failure  of  increases  in  fare  rates  granted  to 
increase  gross  earnings  sufficiently  to  overcome  high  operat- 
ing expense  and  return  the  pre-war  net  income. 

3 — Competition  by  the  privately  owned  automobile,  the 
jitney  and  the  motor  bus. 

The  condition  of  the  electric  railway  industry  due  to 
these  causes  has  become  so  serious  that  the  Cominission 
on  Electric  Railways,  appointed  by  President  Wilson, 
has  been  collecting  data  preliminary  to  definite  action 
being  taken  for  the  preservation  of  this  very  necessary 
branch  of  transportation  service.  Few  trolley  patrons 
who  shout  "watered  stock"  whenever  a  suggestion  is 
made  that  an  increased  fare  may  be  necessary,  realize 
that  60  traction  companies  comprising  763  miles  of  track 
and  equipment  have  already  been  dismantled  because  a 
receiver  could  not  make  them  pay  the  cost  of  operation. 
Of  course  some  of  these  lines  should  never  have  been 
built,  but  there  are  also  at  the  present  time  62  other 
companies  operating  6000  miles  of  electric  lines  in  the 
hands  of  receivers,  including  such  properties  as  the 
Brooklyn  Rapid  Transit  System.  The  Boston  Elevated 
Railway  Company  is  operating  with  earnings  guaran- 
teed by  the  commonwealth  ;  a  ten  cent  trolley  fare  barely 
earning  a  small  percent  on  the  property  valuation. 

In  the  State  of  California,  never  more  prosperous 
industrially  than  at  the  present  time,  the  electric  railway 
companies,  in  spite  of  being  favored  with  a  good  op- 
erating climate  and  rea.sonable  power  costs  have  suf- 
fered seriously  from  the  causes  enumerated.  To  illus- 
trate in  Table  I  is  given  data  on  four  railway  companies, 
each  with  gross  receipts  between  $200  000  and  $500  000 
a  year,  operating  a  total  of  140  cars  daily  in  four  cities 
of  this  state,  having  a  combined  population  of  about 
150000.     This  operating  data  was  reported  to  the  Rail- 

*From  a  paper  before  the  Pacific  Railway  Club,  Oakland, 
Gal.,  .\ug.  14,  IQ19. 


road  Commissions  for  the  years  1914  and  1918  and  gives 
a  very  good  idea  of  what  is  actually  taking  place 
throughout  the  country. 

TABLE  I— TOTAL  OPERATING  DATA  OF  FOUR 

CLAS.S   B   ELECTRIC  RAILWAY  COMPANIES 

IN  CALIFORNIA 


Year 

1914 

1918 

>  c 
aid. 

Car  mileage    

Total  passengers    

Average  passengers  per  car 

6  344  026. 
29  025  090. 

4-57 
$1  331  472.96 
0.2095 
0.0458 

$850  406.48 
0.1330 
0.0293 

$481  066.48 
0.0750 

7153452. 
28  135  lOI. 

392  ■ 
$1  320  074.90 
0.1841 
0.0469 
$1064501.15 
0.1476 
0.0378 
$255  573-75 
0.0369 
0.0090 
80.7 
$363015.76 

112.8 

97.0 

85-9 

99.25 

87-8 

102.2 
125.2 
IIO. 
129. 

53-2 
48.7 
53-3 
126.2 
125.6 

Total  operating  revenue... 

Total  operating  expense   . . 

Per  passenger  

Total  net  operating  revenue 

Operating  ratio,  percent... 
Taxes  and  interest   

63.8 
$289  103.14 

The  points  to  be  noted  particularly  from  Table  I 
are  as  follows: — 

I — Although  the  total  car  mileage  or  service  was  in- 
creased 12.8  percent  in  1918  over  1914,  the  total  passengers 
were  three  percent  less  in  1918  than  in  1914.  This  indicates 
the  effect  of  the  automobile. 

2 — The  average  passengers  per  car  mile  of  service  in 
1918  were  only  85.9  percent  of  the  1914  figure.  The  total 
operating  revenue  decreased  only  three-fourth  percent  due 
to  several  of  the  companies  having  a  six  cent  fare  in  igi8. 

3 — The  total  operating  expense  increased  in  1918,  25.2 
percent  over  the  1914  figure. 

4 — The  net  operating  revenue  in  1918  was  53.2  percent 
of  the  1914  amount. 

5 — The  operating  ratio  increased  26.2  percent  in  igi8 
over  the  1914  figure  of  63.8  percent. 

6 — The  taxes  and  interest  item  increased  from  $289  103 
to  $363015  in  1918  or  25.6  percent.  Practically  all  of  this 
increase  is  in  taxes. 

These  are  the  conditions  that  confront  the  present 
carefully  operated  street  railway  systems  in  four  cities 
in  California,  each  of  sufiicient  size  that  its  inhabitants 
require  public  utility  transportation  between  different 
parts  of  the  city.  Two  alternatives  present  themselves; 
I — Increase  the  fare  rate  to  provide  the  necessary  gross 
income  or, 

2 — Reduce  operating  expenses. 
Three  of  these  companies  now  receive  a  six  cent 
fare.  One  of  them  has  had  serious  jitney  competition 
on  its  best  line  since  the  fare  was  raised  to  six  cents. 
It  is  further  obvious  that  in  small  cities  where  the 
average  ride  is  comparatively  short,  the  higher  the  fare 
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rate  for  the  same  service  the  larger  the  number  of 
patrons  who  will  walk.  This  is  particularly  so  in  cities 
where  the  trolley  service  is  10  to  15  minutes  between 
cars,  and  it  is  frequently  nearly  as  quick  to  walk  as  to 
wait  for  a  car  and  ride.  On  some  small  properties  a 
fare  increase  has  actually  resulted  in  a  decrease  in  gross 
receipts. 

The  second  alternative,  namely  by  reducing  operat- 
ing expenses  involves  reduction  of  platform  expense, 
track  or  equipment  maintenance,  power  consumed,  the 
accident  or  claims  account  and  general  office  expense. 
This  is  best  accomplished  with  the  safety  type  car. 

The  Safety  Type  Car  was  developed  almost  en- 
tirely by  one  of  the  largest  public  utility  syndicates  m 
the  United  States,  the  Stone  and  Webser  Company,  as 
an  operating  necessity  to  provide  increased  service  to 
overcome  jitney  competition  at  decreased  gross  operat- 
ing expense,  through  better  operating  effeciency;  in 
other  words   to    furnish   better    service   at   lower   cost. 


\FtlY    1.AU    IX    SA 


i.MKMO,  CAL. 


This  seven  ton  high  speed  car,  with  special  safety  de- 
vices for  one  man  operation,  has  been  an  absolute  suc- 
cess from  the  standpoint  of  the  riding  public  and  the 
operating  companies.  The  car  seats  32  persons  com- 
fortably. Although  used  mainly  in  cities  of  less  than 
100  000  population,  its  use  is  being  extended  rapidly  to 
the  larger  cities.  The  Brooklyn  Rapid  Transit  System 
recently  ordered  200,  making  212  in  service.  There  are 
now  over  2300  safety  cars  in  service  in  the  United 
States. 

To  illustrate  the  economies  involved,  take  a  line  4.4 ). 
miles  long  on  which  a  ten  minute  service  is  furnished  19 
hours  per  day,  with  two  man  operated  cars,  weighing 
light  20.25  tons  each  and  seating  48  passengers.  The 
average  rate  of  pay  for  platform  time  is  45  cents  per 
hour  per  man.  The  present  schedule  speed  including 
stops  is  10.65  miles  per  hour  and  five  cars  are  required 
for  the  1012  daily  car  mile  service.  Duplicating  this 
service  with  five  7-ton  safety  cars  requiring  one  opera- 
tor per  car,  at  50  cents  per  hour,  the  saving  in  platform 
expense  is  $13  850  per  year.  The  power  expense  is  re- 
duced   by    the    substitution    of    the    lighter    weight   car 


$24.65  per  day  or  $9000  per  year.  Rolling  equipment 
maintenance,  at  present  two  cents  per  car  mile,  will  be 
reduced  on  account  of  the  lighter  weight  modern  equip- 
ment, 24  inch  wheels  instead  of  30  inch  wheels,  etc.,  ta 
a  figure  of  1.2  cents  per  car  mile,  which  is  consei-vative^ 
considering  that  some  of  Eastern  properties  haye  oper- 
ated these  cars  for  0.85  cent  per  car  mile.  On  this  basis 
the  equipment  maintenance  would  be  reduced  $2990  per 
year. 

The  total  saving  due  to  safety  car  operation  on 
these  accounts  would  be  $25  840  per  year.  The  invest- 
ment involved  would  be  approximately  six  cars  at  $6100 
each  delivered,  which  includes  one  spare,  or  $36  600. 
Deducting  six  percent  interest  on  the  investment  would 
leave  $23  644  as  a  net  yearly  return,  which  is  64.7  per- 
cent on  the  investment  and  would  return  the  full  amount 
in  1.55  years. 

However  it  is  possible  with  the  safety  car  in  many 
cases  to  reduce  the  headway  slightly  with  the  same  num- 
ber of  cars,  by  increasing  the  schedule  speed,  due  10 
the  higher  rate  of  acceleration  of  the  light  weight  car. 
On  the  line  referred  to,  traffic  conditions  permitting, 
the  headway  could  be  reduced  from  10  to  9  minutes, 
furnishing  108  car  miles  more  service  daily.  In  this 
case  the  platform  saving  would  remain  the  same  but 
there  would  be  small  additional  power  and  mainten- 
ance expense  due  to  increased  service.  The  total  sav- 
ing on  this  basis  would  be  $24800  per  year  or  a.  net 
saving  after  interest  is  deducted  of  $22  704  per  year, 
which  is  63  percent  on  the  investment,  requiring  1.58 
years  to  repay. 

Electric  railway  companies  generally  have  known 
that  improved  service  such  as  shorter  intervals  between 
cars  increases  riding.  This  serves  t.->  combat  the  private 
owned  automobile  and  jitney  competition,  and  reduces 
the  tendency  of  the  riding  public,  particularly  in  small 
cities,  to  acquire  the  walking  habit.  In  larger  cities  the 
headways  are  generally  satisfactory  in  the  business  dis- 
tricts where  the  short  riding  traffic  is  available.  With 
the  safety  car  it  has  been  found  possible  to  give  the 
public  improved  headways  at  less  than  the  cost  of  op- 
erating old  cars  at  longer  headways. 

To  cite  a  specific  case;  on  the  line  previously  re- 
ferred to,  it  is  possible  with  one  additional  safety  car, 
or  a  total  of  six,  to  reduce  the  headway  from  10  minutes 
to  7.5  minutes,  increasing  the  service  33  percent  anrl 
operate  for  $19  150  per  year  less  than  the  present  cost 
of  10  minute  service  with  old  equipment.  The  net  re 
turn  per  year  of  $16  588,  after  deducting  interest,  repre- 
sents 38.9  percent  on  the  investment  of  $42  700  for 
seven  safety  cars,  and  will  return  the  investment  in  ap- 
proximately 2.57  years  without  making  any  allowance 
for  increased  receipts. 

Summing  up  the  advantage  of  the  safety  car  over 
old  style  operation,  the  following  definite  improvements 
have  been  noted  by  electric  railway  operating  managers. 
I — Elimination  of  step  accidents. 

2_Reduction  in  accidents  of  a  general  nature,  due  to 
the   facility  of  handling  cars. 
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3 — Faster  schedule  speed  and  increased  service  with 
the  same  number  of  cars.  For  instance  headways  reduced 
from  10  to  9  minutes  or  from  8  to  7  minutes. 

4 — Successful  competition  with  the  jitney  bus  due  to 
the  possibility  of  shorter  intervals  between  cars  or  increased 
service  at  reduced  cost. 

5 — Satisfaction  of  the  local  city  governments,  as  evi- 
denced by  requests  for  extension  of  safety  car  service  in 
many  communities. 

6 — Satisfaction  on  the  part  of  the  operators,  on  account 
on  an  increased  rate  of  pay. 

7 — Saving  in  power,  which  for  practical  purposes  is 
proportional  to  the  difference  in  weight  of  the  equipments. 

8 — Reduction  in   rolling  equipment  maintenance. 


9 — Increased  receipts  on  mfiny  lines,  due  to  the  pre- 
payment feature  being  installed  with  the  safety  car. 

10 — Last  and  most  important,  satisfaction  of  the  riding 
public,  both  expressed  by  word  and  indicated  by  increased 
patronage. 

By  way  of  conclusion  it  may  be  safely  said  that  the 
safety  car  is  without  question  the  greatest  new  develope- 
ment  in  the  electric  traction  industry  during  the  pa.st 
five  years,  in  that  it  operates  to  give  improved  service 
to  the  public,  and  contributes  to  the  permanence  of  the 
electric  transportation  business. 


yyay  Op  or  a  til 


At  Seattle,  VVasliiiij^toij 

Thomas  F.  Murphine 

Supt.  of  Public  Utilities, 

City  of  Seattle 


ON  April  1st  of  thib  year  the  City  of  Seattle,  by 
the  purchase  of  the  street  railway  properties  of 
the  Paget  Sound  Traction,  Light  «&  Power  Com- 
pany, came  into  possession  of  approximately  206  miles 
of  street  railway  track  and  overhead  system,  540  street 
■cars,  81  pieces  of  real  estate  and  a  variety  of  buildings, 
■car  barns  and  shops,  freight  sheds,  machinery,  tools 
•and  equipment,  and  a  stock  of  supplies.  Certain  por- 
tions of  this  property  were  appraised  by  various  engi- 
neers and  real  estate  appraisers.  The  street  cars  were 
valued  at  $2  500  000 ;  the  commercial  real  estate  at 
$540000;  the  buildings,  car  barns,  shops  and  freight 
sheds  at  $528  980 ;  the  machinery,  tools  and  equipment 
at  $500000;  and  the  stock  of  supplies  at  $350000.  The 
railway  track  and  overhead  system,  some  206  equivalent 
single  track  miles,  was  not  physically  appraised  at  this 
time,  but  from  former  appraisals  made  by  engineers  of 
the  Public  Service  Commission  of  the  State  of  Wash- 
ington and  by  comparison  with  the  cost  of  construction 
of  like  track  by  the  City  of  Seattle  and  the  City  of  San 
Francisco,  a  value  of  $11  683  966.06  was  placed  by  this 
department. 

The  total  purchase  price  by  the  City  of  the  stieet 
railway  properties  was  $15000000  in  utility  bonds, 
payable  in  annual  installments  of  $833  000  beginning 
March  i,  1922,  with  interest  on  the  total  amount  at  5 
percent  per  annum,  payable  semi-annually.  Prior  to 
this  purchase  the  City  was  operating  23  miles  of  street 
railway  and  had  under  construction  3  1-3  miles  of 
elevated  railway  through  the  industrial  district. 

The  irainediate  causes  that  led  up  to  the  purchase 
by  the  City  of  Seattle  of  the  railway  properties  of  the 
private  company  were: — 

I — The  service  given  by  the  company  was  totally 
inadequate.  Shipbuilding  and  other  war  industries 
were  suffering  from  lack  of  transportation. 

2 — The  company  was  demanding  an  increase  in 
fares  of  one  cent  with  one  cent  additional  for  transfers. 

3 — The  company  was  further  demanding  to  be  re- 
lieved from  all  franchise  obligations. 

4 — The  employees  of  the  private  company  were  not 
being  paid  a  living  wage. 


The  city  otficials  01  oeattle  maintained  that  with 
the  relief  from  franchise  obligations  adequate  service 
could  be  given  and  the  fare  kept  at  five  cents.  The  City 
has  now  operated  its  railway  system  for  the  first 
quarter  of  the  year  1919,  maintaining  a  five  cent  fare 
and  free  universal  transfers,  and  a  brief  resume  or 
financial  statement  of  operating  receipts  and  expenses 
for  the  first  quarter  with  the  comparison  of  the  corre- 
sponding quarter  of  last  year  will  be  interesting.  Our 
experience  for  the  first  three  months,  however,  ought 
not  to  be  taken  as  a  basis  for  calculating  future  op- 
erations. 

The  operating  economies  proposed  by  the  Depart- 
ment of  Public  Utilities  have  not,  as  yet,  been  put  into 
effect  for  the  reason  that  the  physical  connections  be- 
tween certain  of  the  lines  have  not  been  completed ;  the 
skip-stop  system  has  been  installed  on  only  four  lines; 
downtown  traffic  is  more  congested  than  ever,  the  new 
traffic  code  having  just  been  passed  by  the  City  Council ; 
the  campaign  for  the  saving  of  power  has  been  installed 
on  only  a  few  lines;  and  the  thorough  co-operation  of 
the  employes  with  the  City  has  not,  as  yet,  been  fully 
effected.  However,  under  practically  unchanged  con- 
ditions the  City  immediately  increased  its  service  so  that 
for  the  first  quarter  of  its  operation  it  operated  4  146  850 
car-miles  as  against  3  386  311  car-miles  for  the  corre- 
sponding quarter  of  last  year,  showing  that  there  has 
been  an  increase  in  service  of  760  539,  or  a  little  more 
than  three  quarters  of  a  million  car-miles,  carrying  a 
total  of  33015082  passengers  as  against  28394008 
total  passengers  for  the  corresponding  quarter  of  last 
year. 

The  total  revenue  for  the  first  quarter  of  this  year 
was  $1299039  as  against  $1135123  for  the  corre- 
sponding quarter  of  last  year,  and  the  total  operating 
expense  for  the  first  quarter  of  this  year  was  $1  052  728, 
leaving  a  profit  over  operating  expenses  of  $246312. 
From  this  there  has  been  set  aside  the  sum  of  $198  781 
to  pay  the  interest  on  all  outstanding  obligations.  Also, 
there  has  been  set  aside  $20  000  more  than  has  been 
paid  out  for  accident  claims,  and  approximately  a  like 
amount  of  $20000  more  than  has  been  paid  out  for  in- 
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•dustrial   insurance,    leaving   a   net   profit    for   the   first 
quarter  of  $6  809. 

The  wages  of  trainmen  and  other  employes  were 
increased  practically  fifty  percent.  The  following 
schedule  of  wages  paid  motormen  and  conductors  un- 
der City  operation  as  compared  v/ith  wages  paid  by  the 
Puget  Sound  Traction,  Light  &  Power  Company  shows 
the  increase  that  was  paid  to  trainmen  beginning  April 
I,  1919: 

Company  Scale  City  Scale 

First  six  months 36c S3%c 

Second  six  months 38c S6^c 

Over  one  year  40c 59 %c 

It  will  be  noted  that  no  amount  has  been  set  aside 
for  depreciation,  for  the  reason,  which  this  department 
deems  sufficient,  that  there  has  been  expended  during 
this  quarter  for  maintenance  of  ways  and  equipment 
the  sum  of  $230540  as  against  $131797  during  the 
■same  period  in  1918.  Approximately  $100  000  more 
has  been  spent  by  the  City  for  extra  maintenance  of 
track,  overhead  system  and  street  cars  for  this  quaiter 
than  was  spent  by  the  company  for  the  corresponding 
quarter  of  last  year. 

The  Traction  Company  set  aside  approximately 
$25  000  per  month  to  take  care  of  depreciation  and  al- 
lowed die  property  to  depreciate.  We  believe  tJiat 
spending  this  depreciation  fund  now  on  the  tracks  and 
•equipment  (at  least  until  the  same  are  restored  to  a 
normal  condition)  is  wiser  than  allowing  the  fund  to 
accumulate,  because  value  of  the  property  is  appreciat- 
ing instead  of  being  allowed  to  depreciate. 

We  expect  to  show  in  the  near  future,  upon  the 
completion  of  the  special  work  at  the  Fifteenth  Avenue 
Northwest  Bridge  and  the  completion  of  the  elevated 
railway  and  the  trackage  on  Avalon  Way,  and  with  the 
complete  installation  of  the  skip-stop  system,  with  cer- 
tain reroutings,  and  the  installation  of  express  service 
on  through  lines,  a  large  gain  per  month  over  the  first 
quarter — at  least  enough  to  take  care  of  the  further 
increases  of  wages  to  employes  made  necessary  to  meet 
the  increased  cost  of  living.  It  must  be  remembeied, 
however,  at  this  time,  that  the  railway  is  still  maintain- 
ing the  largest  franchise  obligation,  from  a  financial 
standpoint,  that  the  private  company  agreed  to  main- 
tain, i.e.,  the  care  and  maintenance  of  that  portion  of 
the  street  covered  by  the  railway  tracks.  This,  the  de- 
partment feels,  is  not  a  proper  railway  expense  under 
city  ownership  and  management. 

The  rise  in  wages  and  prices  of  material  caused  by 
the  war  affected  all  lines  of  business,  but  none  more 
pronounced  than  the  street  railway  business.  Nothing 
is  more  certain  in  this  field  than  the  fact  that  the  busi- 
ness can  no  longer  bear  the  charges  and  burdens  that  it 
has  borne  in  the  past.  This  is  evidenced  by  the  number 
of  street  railway  companies  that  have  gone  into  the 
hands  of  receivers  throughout  this  country;  by  the  miles 
of  track  that  have  actually  been  abandoned  and  taken 
up;  and  by  the  applications  for  relief  from  franchise 
obligations  that  have  been  made  almost  universally  to 
the  appropriate  authorities. 


It  is  now  quite  generally  admitted,  by  everyone  who 
thinks  seriously  on  the  subject  of  urban  transportation, 
that  it  is  impossible  to  pay  out  of  a  five  cent  fare  all  the 
things  that  have  been  paid  out  of  it  in  previous  years. 
Four  standard  methods  have  been  tried  or  urged  upon 
the  street  railways  to  meet  the  change  in  conditions, 
viz : — 

I — Increase  in  fare.  1 

2 — Relief  from  franchise  obligations. 

3 — Economies  in  operation. 

4 — Public  ownership. 

The  fallacy  of  these  methods  is  that  no  one  of 
them  alone  will  suffice, — there  must  be  a  combination  of 
at  least  diree  of  them.  The  fourth  method  (public 
ownership)  is  not,  taken  alone,  sufficient.  It  must  be 
accoinpanied  by  Nos.  2  and  3. 

Increase  of  fare  has  been  tried  almost  universally 
and,  while  an  increased  fare  brings  increased  revenue, 
it  does  not  do  so  in  proportion  to  the  increase  in  fare, 
showing  that  a  large  percentage  of  the  people,  under  an 
increased  fare,  do  not  use  street  cars.  The  short-haul 
patron  walks  and  the  longer-haul  patron  rides  only 
when  necessity  compels  him  to  do  so.  This  affects  not 
only  the  railway  but  the  manufacturer  and  the  busi- 
ness man  as  well,  and  is  not  compatible  with  the  idea 
of  service.  The  reason  for  this,  is  to  a  large  degree 
psychological.  Other  commodities  have  raised  in  price 
without  a  large  decrease  in  their  use,  why  cannot  the 
street  railway  raise  its  fare  and  all  the  people  still  ride? 
The  placing  of  two  coins  in  the  fare  box,  even  if  one  is 
only  a  penny,  seems  much  larger  than  placing  the 
nickel  alone,  and  the  purchase  of  metal  tickets,  or  other 
emblems,  is  not  satisfactory  because  it  cannot  be  spent 
in  other  ways.  If  the  Government  would  coin  a  six- 
cent  piece  and  a  seven-cent  piece  it  would  go  a  long 
way  to  destroy  the  psychological  effect  of  the  increase 
in  street  car  fare. 

The  relief  from  all  franchise  obligations  is  imper- 
ative, and  under  public  ownership  and  management 
there  can  be  no  just  reason  advanced  why  any  portion 
of  the  nickel  fare  should  be  taken  to  pay  other  than 
legitimate  railway  expenses;  in  fact,  if  the  City  is 
deemed  to  owe  a  duty  in  the  way  of  transportation,  and 
everyone  admits  that  transportation  is  a  vital  element  in 
urban  life,  then  the  street  car  patron  should  be  placed 
on  an  equality  with  patrons  of  other  conveyances.  The 
City,  by  its  local  improvement  district,  builds  and  paves 
streets  free  of  charge  to  the  automobile  and  maintains 
the  street  from  its  general  fund.  Our  position  is  that 
the  street  car  rider  and  the  motor  car  rider  should  be 
placed  on  an  exact  equality.  The  jitney  rider  must  pay 
a  fare  such  that  out  of  it  can  come  wages  for  the  driver, 
cost  and  maintenance  of  car  and  motive  power.  The 
roadway  or  track  for  the  motor  car,  either  privately- 
owned  or  operated  as  a  jitney,  is  originally  built  and 
maintained  at  no  cost  to  the  owner  or  patron  of  the  mo- 
tor car  or  the  jitney.  The  street  car  rider's  fare  has  to 
pay  the  cost  of  the  car  and  its  maintenance,  the  motive 
power  and  operating  expenses  of  the  street  car,  and 
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must  also  build  and  maintain  not  only  its  own  track 
but,  to  a  large  extent,  the  track  of  its  competitors  in 
the  field  of  transportation. 

No  one,  who  is  unselfishly  interested  in  the  subject 
of  urban  transportation,  should  be  so  committed  to  any 
particular  type  or  system  of  transportation  that  he 
would  want  it  to  continue  if  it  might  be  supplanted  by  a 
better  one.  If  the  motor  car  can  render  service  equal 
to  the  electric  railway  car,  at  a  less  cost,  the  sooner 
Seattle  or  any  other  city  is  convinced  of  that  fact,  and 
acts  upon  it,  the  better.  But  before  any  city  can  choose 
intelligently  between  rival  systems  of  transportation  it 
must  first  place  them  on  an  equal  competitive  basis,  re- 
moving handicaps  and  equalizing  burdens.  From 
available  knowledge,  there  is  no  indication  that  the  mo- 
tor car  can  fill  the  place  now  occupied  by  the  street  rail- 
ways. They  can  perhaps  take  the  cream  of  the  business 
away  from  the  street  railways  and  make  their  operation 
unprofitable.     Where  the  railway  systems  are  privately 


owned,  the  motor  car  may  drive  them  into  bankruptcy. 
Under  city  operation,  unregulated  jitney  competition, 
while  it  cannot  bankrupt  the  city,  can  make  its  street 
railways  unprofitable  and  result  in  placing  a  burden 
upon  the  taxpayers  that  they  would  not  have  if  the 
street  car  and  the  jitney  were  placed  on  an  equal  basis. 
Seattle  now  has  such  control  over  its  transporta- 
tion problem  that  it  can  determine  the  relative  merits 
of  electric  street  railways  as  compared  with  motor  cars 
or  any  other  system  of  transportation  that  may  be  pro- 
posed. All  that  it  need  do  is  to  place  them  upon  an: 
equal  footing,  so  far  as  can  be  done,  and  permit 
economic  laws  to  operate  and  the  riding  public  finally 
make  its  choice.  So  far  as  can  be  .seen  at  this  time, 
that  choice  will  fall  upon  electric  railway  transporta- 
tion, and  there  seems  to  be  no  question  but  what  street 
railways  are  destined  to  remain  the  reliable  method  of 
transportation  in  every  city. 
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Engineer  in  Charge,  Railway  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


HE  QUESTION  of  reduced  operating  costs  has     become  more  serious  as  the  structure  weights  decrease 
been  burned  into  the  minds  of  operating  men  for     in   their  proportion   to   these    forces.     If   the   dynamic 


years,  and  in  the  present  crisis  in  railway  finan- 
cial affairs,  has  assumed  paramount  importance.  Re- 
duction in  the  weight  of  cars  and  equipments  appeared 
to  be  the  most  obvious  saving  and  has  been  followed 
progressively  for  several  years.  Some  disappointment 
has  been  experience!  because  the  inherent  savings  in 
lighter  weights  have  been  in  a  measure  offset  by  main- 
tenance costs  that  were  higher  than  was  anticipated. 

The  unquestionable  fundamental  advantage  of 
weight  reduction  cannot,  however,  be  lightly  sacrificed, 
and  the  next  logical  step  lies  in  a  searching  analysis  of 
the  fundamental  causes  that  produce  deterioration  in 
railway  structures.  It  is  often  stated  that  railway  ai>- 
paratus,  on  account  of  the  drastic  service  conditions, 
must  be  of  the  most  rugged  construction,  and  experi- 
ence .shows  that  deterioration  and  ultimate  failure  will 
inevitably  follow  unless  proven  piactice  is  observed. 
P)Ut  these  are  glittering  generalities  and  fail  to  solve  the 
l)roblem. 

Why  is  railway  .service  drastic  as  compared  with 
other  services?  A  railway  vehicle  is  a  moving  structure 
(ijierating  in  the  presence  of  dirt  ::nd  moisture.  Dirt 
and  moisture  are  the  progenitors  of  an  evil  race  of 
troubles,  but  in  the  first  analysis  they  affect  heavy  equip- 
ments as  seriously  as  they  do  the  modern  light  weight 
equipments.  We  must,  therefore,  look  farther  for  the 
answer  to  our  question. 

Why  is  a  moving  structure  harder  to  maintain  than 
a  similar  stationary  structure?  A  moving  structure  in- 
volves dynamic  conditions  that  are  absent  in  a  stationar}' 
setting.     The  dynamic   forces  acting  on  a  railway  car 


forces  decrease  as  rapidly  as  the  weight  and  resisting 
power  of  the  structure  decrease,  a  comparable  rate  of 
deterioration  may  be  justly  anticipated.  Therefore,  the 
keynote  of  successful  light  weight  cars  and  equipment 
lies  in  reducing  to  a  minimum  the  dynamic  forces  in- 
volved. These  dynamic  forces  may  be  divided  into  two 
classes: — 

a — Those  originating  outside  the  car. 

b — Those  originating  in  the  car  itself. 

The  former  class  lies  outside  of  the  direct  sphere 
of  influence  of  the  manufacturer.  The  manufacturer 
has  talked  and  written  at  great  length  about  how  bad 
track  pyramids  the  cost  of  maintenance,  but  in  general 
the  results  he  has  achieved  are  microscopic.  He  has 
only  recently  realized  that  he  could  join  in  a  campaign 
with  the  .superintendent  of  equipment,  or  the  master 
mechanic  to  banish  the  dynamic  forces  originating  in 
the  car  it.self. 

\'arying  degrees  of  track  disturbances  are  at 
present  regarded  as  fundamental ;  there  being  the  widest 
imaginable  range  of  ideas  as  to  what  is  good  enough. 
In  the  same  way,  the  dynamic  forces  inherent  in  spur 
gear  operation  were  regarded  as  unavoidable  until  Mr. 
W.  E.  Moore  conceived  the  idea  of  departing  from  the- 
traditional  spur  gear  and  secured  the  assistance  of  R.  D, 
Nuttall  Company  in  applying  on  the  W'est  Penn  Rail- 
ways, a  trial  set  of  helical  gears.  The  installation  of 
these  gears  is  destined  to  be  regarded  as  one  of  the 
great  turning  points  in  electric  railway  practice.  Tiie 
operation  was  so  smooth  and  free  from  vibration, 
(which  is  only  another  name  for  a  dynamic  condition). 
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that  the  R.  D.  Nuttall  Company  brought  it  to  the  at- 
tention of  the  Westinghouse  engineers.  The  two  Com- 
panies working  together  made  sufficient  further  trials 
to  demonstrate  the  great  advantage  attendant  upon  the 
use  of  this  type  of  gear,  and  the  Westinghouse  Com- 
pany has  recently  standardized  on  helical  gears  for  their 
small  railway  motors,  since  these  operate  under  condi- 
tions where  the  weight  reduction  campaign  is  most  ac- 
tive. 

Vibration  will  occur  in  spur  gears  produced  in  line 
with  the  best  modern  practice  as  regards  material, 
machining  operation  and  heat  treatment.  There  has 
been  a  considerable  advance  in  the  accuracy  of  cutting 
spur  gears,  and  there  has  been  a  notable  advance  in  the 
methods  of  heat-treatment.     These  advances  howeve'-, 


FIG.      I — HELICAL     GKAR     AND 
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FIG.    2 — NEW    RAILWAY 
HELICAL  GEARING 


were  merely  detail   improvements  and   failed  to  reach 
the  fundamental  cause  of  spur  gear  vibration. 

ANALYSIS    OF    SPUR    GEAR    PERFORMANCE 

In  city  service,  accumulated  experience  has  shown 
that  the  most  economical  pinion  usually  has  from  four- 
teen to  sixteen  teeth.  In  such  pinions,  for  a  portion  of 
the  time  that  any  given  tooth  is  in  contact  with  the 
gear,  the  entire  load  of  the  motor  is  carried  by  that  tooth 
alone.  During  the  remaining  portion  of  its  action  with 
tlie  gear,  it  is  assisted  in  carrying  the  load  by  the  tooth 
ahead  or  the  tooth  following.  A  pinion  tooth  is  a  beam, 
fixed  at  its  root  and  loaded  as  a  cantilever  by  the  motor 
effort.  This  load  produces  tooth  deflection,  varying  as 
a  function  of  the  loading.  When  a  pinion  tooth  first 
makes  contact  with  a  gear  tooth,  the  distance  between 
this  pinion  tooth  and  the  pinion  tooth  leading  it  in  the 
mesh,  is  less  than  the  normal  pitch  by  an  amount  equal 
to  the  deflection  of  the  leading  tooth.  At  the 
same     time,     the     distance     between     the     contacting 


gear  tooth  and  the  gear  tooth  leading  it  into  the 
mesh,  is  greater  than  the  normal  pitch  by  an  amount 
equal  to  the  deflection  of  the  leading  gear  tooth,  that 
is,  the  two  deflections  noted  are  added  together  to  pro- 
duce relative  displacement  of  the  contacting  gear  and 
pinion  teeth,  bringing  them  into  contact  sooner  than 
should  occur.  Spur  tooth  contact  under  load,  therefore, 
is  unavoidably  accompanied  by  shock  and  vibration. 
With  the  best  tooth-cutting  methods,  there  are  slight  in- 
accuracies; furthermore,  essential  clearances  in  arma- 
ture bearings  and  axle  bearings  permit  slightly  varying 
gear  center  distances. 

These  two  features  of  tooth  stress  and  of  inherent 
inaccuracies  co-operate  to  produce  shock  coincident  with 
tooth  contact,  with  resulting  vibration,  particularly  at 
the  higher  .speeds. 

To  this  point,  the  analysis  has  dealt  with  new  equio- 
ments  in  the  best  of  condition.  As  soon  as  a  new  spur 
gear  equipment  is  put  into  service,  the  sudden  fluctua- 
tion of  tooth  load  begins  as  previously  described,  pro- 
ducing a  great  variation  of  tooth  pressure.  That  is,  m- 
stead  of  transmitting  the  average  effort  at  a  steady  rate, 
a  plotting  of  the  actual  tooth  pressures  with  spur  gear- 
ing would  show  a  succession  of  peaks  and  depressions. 
The  peaks  tend  to  squeeze  out  the  lubricant  and  do 
actually  produce  local  wear  on  the  tooth,  resulting  in  a 
departure  from  the  original  contour  of  the  tooth.  The 
great  advantage  of  heat  treatment  of  gears  lies  in  the 
ability  of  the  material  to  withstand  this  tendency;  but 
the  wear,  even  with  the  heat-treated  spur  gears,  will 
eventually  distort  the  tooth  contour,  although  a  much 
greater  length  of  time  is  required  to  produce  this  result. 
As  departure  from  the  original  contour  of  the  tooth  in- 
creases, the  resulting  shock  and  vibration  become  cumu- 
lative :  at  the  same  time  the  armature  and  axle  bearing 
wear  accumulates,  permitting  greater  vibration,  and  also 
increasing  the  severity  of  tooth  shock.  A  complete 
cycle  of  progressive  deterioration  is  thus  established. 

The  cure  for  this  condition  lies  in  producing  gear- 
ing in  which  tooth  deflection  is  reduced  to  a  minimum 
and  in  which  each  tooth  enters  the  mesh  with  the  least 
resistance.  This  result  is  realized  in  helical  gearing, 
that  is,  gearing  where  the  tooth  is  no  longer  parallel  to 
the  axis  of  the  gear  and  where  the  gear  and  pinion  are 
each  a  short  section  of  a  screw,  having  as  many  threads 
as  there  are  teeth. 

ANALYSIS  OF  HELICAL  GEAR  SERVICE 

The  action  of  this  type  of  gear  is  best  realized  by 
thinking  of  it  as  if  it  were  made  up  of  a  number  of 
thin  spur  gears  with  the  teeth  of  each  successive  gear 
element  advanced  through  a  small  angle  relative  to  its 
neighbor.  It  then  becomes  clear  that  only  one  tooth  of 
one  narrow  gear  enters  into  contact  with  the  corres- 
ponding tooth  of  the  single  narrow  pinion  at  any  given 
time.  The  shock  resulting  from  this  entry  bears  to  the 
whole  operation  an  importance  depending  directly  upon 
the  width  of  the  narrow  gear  and  pinion  element. 
But  in  helical  gearing  the  width  of  the  element  is  zero. 
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therefore,  the  operation  of  heHcal  gears  is  very  smooth. 

Although  the  distribution  of  load  over  the  tooth 
is  much  better  in  helical  than  in  spur  gearing,  there  is 
still  a  certain  amount  of  tooth  deflection,  and  it  is  im- 
portant to  consider  the  entry  of  the  helical  gear  tooth 
into  its  work.  Due  to  the  departure  from  parallelism  to 
the  axis,  one  end  of  the  helical  tooth  enters  the  mesh 
in  advance  of  the  rest  of  the  tooth.  As  this  end  picks 
up  its  load,  it  must  deflect ;  but  the  secret  of  success  in 
helical  gearing  lies  in  this  point,  that  only  a  small  portion 
of  each  tooth  picks  up  its  load  and  deflection  at  any 
given  time,  and  the  resulting  shock  and  vibration,  as 
proved  by  actual  service,  exists  only  in  theory  and  can- 
not be  detected  by  ordinary  methods. 

Helical  gears  transmit  practically  average  motor 
effort  with  well-maintained  bearings.  Therefore,  there 
are  no  peaks  of  effort  to  cause  local  departure  from 
the  original  contour  of  the  tooth,  and  again,  helical  gears 
tend  to  wear  evenly  over  the  full  tooth  length,  thus  pre- 
serving their  original  tooth  form.  The  absence  of 
shock  and  vibration  decreases  bearing  wear,  reacting 
advantageously  on  the  gear  performance. 

GEAR    NOISE 

The  noise  accompanying  the  operation  of  spur  gears 
in  railway  service  is  a  direct  by-product  of  shock  and 
vibration.  Noise  means  expense.  Since  helical  gears 
operate  practically  without  shock  and  vibration  when 
installed  with  good  bearings  and  alignment,  they  offer 
to  the  master  mechanic  an  opportunity  practically  to 
eliminate  gear  noise  from  his  cars. 

EFFECTS   OF   GEARS   ON    OTHER    PARTS   OF  EQUIPMENT 

End  Thrust — The  question  naturally  arises  as  to 
how  the  end  thrust,  inherent  in  helical  gears,  will  be 
handled.  The  angle  of  the  gear  tooth  is  so  adjusted, 
that  the  end  thrust  is  well  within  the  capacity  of  the 
oil  film  on  standard  armature  end  thrust  coll-irs  and  on 
the  axle  collars.  Experience  with  these  gears  in 
service  has  proven  that  the  amount  of  wear  on  the 
end  thrust  collars  is  practically  identical  with 
the  wear  occuring  with  the  spur  gear  motors.  The 
probable  reason  for  this  is  that  in  a  spur-geared  motor, 
the  armature  is  subject  to  only  frictional  restraint  in 
the  direction  parallel  to  its  axi.s.  Therefore,  when 
track  irregularities  cause  a  sudden  movement  of  the 
wheeled  axle  across  the  rails,  this  movement  causes 
sudden  displacement  of  the  motor  frame  and  armature. 
The  end  thrust  collars  then  engage  with  a  shock  and 
there  is  a  tendency  to  break,  or  at  least  thin  out  the 
oil  film  on  the  end  thrust  collar.  At  the  same  time,  the 
armature,  which  is  rotating,  rubs  on  this  reduced  oil 
film  and  a  certain  amount  of  wear  results ;  this  wear 
tending  to  increase  more  rapidly  as  the  end  play  of  the 
armature  increases.  With  helical  gears,  there  is  a 
slight  restraining  force  tending  to  hold  the  armature 
against  one  of  the  end  thrust  collars  in  a  given  direc- 
tion of  operation,  and  against  the  other  end  thrust  col- 
lar in  reverse  operation.     This  force,  of  course,  in  itself 


would  tend  to  wear  the  end  thrust  collars  were  it  not, 
as  stated  previously,  kept  within  the  limits  of  the  oil 
film  capacity :  but  at  the  same  time  this  force  sufficiently 
reduces  the  amount  of  hammering  of  the  armature 
against  the  end  collars  and  compensates  for  any  wear- 
ing tendency,  due  to  the  sustained  pressure  on  the  thrust 
collars. 

Experience  with  herringbone  gears,  as  they  are 
ordinarily  installed  in  heavy  industrial  service,  is  that 
they  are  incapable  of  sustaining  end  thrust;  and  where 
this  is  present,  serious  wear  of  llie  gearing  occurs.  This 
is  due  to  the  fact  that  the  end  thrust  with  herringbone 
gears  is,  of  necessity,  carried  on  the  gear  teeth. 

With  the  helical  gears  under  discussion,  however, 
the  tooth  angle  is  such  that  any  end  play  of  the  arma- 
ture is  accompanied  by  a  screwing  of  the  pinion  tooth 
past  the  gear  tooth,  with  only  a  frictional  resistance  and 
a  very  small  direct  force  component;  and  experience 
has  proven  conclusively  that  the  end  play  which  is  per- 
missible with  spur  gearing,  is  also  permissible  with 
helical  gearing  as  far  as  the  good  of  the  gear  itself  is 
concerned. 

Commutators — Armature  end  play  has  been  re- 
garded as  a  desirable  feature,  as  far  as  wear  of  the 
commutator  is  concerned,  not  only  in  railway  motors, 
but  in  rotating  commutator  machmes  of  all  classes. 
Ball-bearing  operation  of  railway  motors  however,  has 
shown  conclusively  that,  with  modern  railway  motors, 
it  is  not  necessary  to  have  end  play  between  the  brush 
and  the  commutator  in  order  to  secure  proper  commuta- 
tor wear;  and  it  is  interesting  to  note  in  this  connection 
that  there  is  a  very  active  movement  at  this  time  in  large 
stationary  apparatus  to  omit  the  oscillators,  which  at  one 
time  were  regarded  as  an  essential  for  proper  operation. 

Armature  Bearings — It  was  thought  that  reduction 
of  the  end  play  of  the  armature  might  affect  the  arma- 
ture bearing  undesirably,  as  a  slight  end  play  with  oil 
and  waste  lubrication  may  be  of  some  assistance  in  dis- 
tributing the  oil  film  evenly  on  the  journals.  Here, 
again,  no  bad  effects  have  been  found  in  service, 
rather  the  contrary  has  been  the  case,  that  is,  the  prac- 
tical elimination  of  vibration  has  produced  enough  im- 
provement in  bearing  life  to  entirely  over-shadow  any 
theoretical  loss,  due  to  the  reduction  of  the  end  oscil- 
lation of  the  armature.  The  same  is  true  of  the  com- 
mutator life,  that  better  commutator  life  may  be  ex- 
pected with  helical  gears  than  with  spur  gears. 

Brushholders — Vibration  is  the  worst  enemy  with 
which  railway  motor  brushholders  have  to  contend,  and 
the  elimination  of  that  portion  of  the  vibration  directly 
traceable  to  spur  gears  causes  a  material  increase  in  the 
life  of  all  brushholders  parts. 

Open  Circuits — The  cause,  or  causes,  to  which  open 
circuits  are  traceable  are  very  obscure  and  only  very 
extensive  operation  and  a  careful  analysis  of  service 
data  will  justify  any  firm  conclusion.  But  the  tenden- 
cies to  date  are  favorable  for  a  material  decrease  in  the 
number  of  open  circuits  when  helical  gears  are  used. 
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Insulation — Spur  gear  vibration  produces  serious 
results,  under  aggravated  conditions,  to  the  motor  in- 
sulation and  the  improvement  logically  to  be  expected 
with  helical  gear  operation  is  obvious. 

Loose  Punchings — A  great  deal  of  trouble  was  ex- 
perienced in  the  early  days  with  loose  punchings,  and  it 
has  been  proven  conclusively  in  a  number  of  cases  that 
spur  gear  vibration  contributed  materially  in  producing 
this  condition,  because  many  of  the  old  motors  have 
been  examined  where  the  punchings  were  tight  on  the 
commutator  end  and  progressively  looser  until  they 
were  destructively  loose  at  the  pinion  end.  Compara- 
tively little  trouble  from  this  feature  occurs  in  modem 
motors,  but  the  point  is  mentioned  as  illustrating  the 
severity  of  spur  gear  vibrations  and  as  calling  further 
attention  to  the  desirability  of  eliminating  these  vibra- 
tions. 

Axle  Caps — Spur  gear  vibration  contributes  to  a 
very  considerable  extent  to  the  loosening  of  the  axle 
caps.  The  adoption  of  helical  gears  can  hardly  be  ex- 
pected to  eliminate  this  trouble  entirely,  and  axle  caps 
require  faithful  inspection ;  but  a  very  noticeable  re- 
duction in  the  amount  of  loosening  is  logically  to  be 
expected.  This  means  that  there  will  be  less  trouble 
with  loose  axle  bearings,  and  leads  to  the  conclusion  that 
when  helical  gears  are  operated,  there  is  a  real  induce- 
ment for  keeping  the  axle  bearings  in  good  condition 
because,  with  a  reasonable  amount  of  maintenance, 
smooth,  quiet  gear  and  car  operation  can  be  secured, 
and  where  noisy  operation  does  occur  with  helical  gear- 
ing, it  is  a  direct  proof  that  the  cars  have  not  received 
the  degree  of  care  and  attention  to  which  it  is  entitled. 

OPERATING    RESULTS     WITH     HELICAL     GEARS 

Helical  gearing  has  been  in  operation  on  at  least 
eight  different  electric  railways  for  periods  up  to  three 
years.     The  results  on  the  West   Penn  system,  which 


was  the  first  road  to  equip  trial  cars  with  this  type  of 

gearing,  are  briefly  outlined  in  the  following  letter : — 

R.  p.  Nuttall  Company, 

Pittsburgh,  Penna. 
Dear  Sir: — 

With  regard  to  the  helical  tooth  gear  and  pinion  we  shipped 
you  recently  to  be  exhibited  at  the  A.  E.  R.  A.  Convention  to 
be  held  at  Atlantic  City  this  fall,  I  wish  to  advise  that  this  gear 
and  pinion  were  put  in  use  under  car  No.  203  during  February, 
1915,  and  have  been  in  continuous  use  up  to  the  time  they  were 
removed  to  be  sent  to  you.  During  that  period,  this  car  ran  a 
total  of  284  248  miles.  I  might  mention  that  this  car  is  equipped 
with  magnetic  brakes,  which  means  that  this  gear  and  pinion 
have  performed  almost  a  double  duty  as  compared  with  a  car 
that  is  equipped  with  air  brakes. 

During  the  time  that  this  gear  and  pinion  have  been  in  use, 
we  have  carefully  observed  the  end  wear  on  the  axle  and  arma- 
ture bearings,  and  as  far  as  we  can  find  there  was  no  more 
than  with  the  regular  spur  gear.  This  is  also  true  of  all  other 
helical  gears  and  pinions  we  have  since  put  in  use.  In  some 
cases,  this  wear  actually  seems  to  be  less. 

The  motor  maintenance  with  the  use  of  this  type  of  gear 
and  pinion  is  reduced  from  25  to  50  percent.  Open-circuited 
armatures  and  buck-overs  are  almost  entirely  eliminated.  As 
a  matter  of  fact,  an  old  style  motor,  equipped  with  this  type  of 
gear  and  pinion,  perforrns  almost  equally  as  well,  as  far  as 
commutation  is  concerned,  as  the  present-day  interpole  motor 
does.  The  use  of  this  type  of  gear  eliminates  all  gear  noise 
and  vibration,  which  is  the  real  reason  for  the  good  motor 
performance  mentioned  above. 

The  wear  of  this  gear  and  pinion  is  about  one-third  of  what 
takes  place  in  the  case  of  spur  tooth  gears.  In  other  words, 
the  helical  tooth  gears  are  giving  from  two  to  three  times  as 
much  wear  as  the  spur  tooth  gear. 

We  have  at  present  32  gears  of  this  type  in  use  and  we  ex- 
pect to  use  56  which  are  now  on  order,  when  received,  ore 
Wheeling  Traction  Company's  cars. 

Yours  very  truly, 

(Signed)   Daniel  Durie, 

General  Sup't. 
West  Penn  Railways  Company. 

The  length  of  life  and  the  percentage  of  main- 
tenance reduction  Mr.  Durie  gives,  may  or  may  not  be 
an  ultimate  average,  but  his  general  experience  is  what 
must  be  confidently  anticipated,  as  the  rapidly  growing 
application  of  helical  gears  becomes  more  general. 

More  promise  for  large  savings  is  offered  by  helical 
gears  than  by  any  other  recent  advance  in  electric  rail- 
way practice. 


TMiigs  t^  Coiidier  In  ]iaii^l].i.iig  xho  Pmo 


EVERY  public  utility  manager  who  has  not  been 
doing  a  Rip  Van  Winkle  during  the  past  several 
years,  surely  is  awake  to  the  value  of  public 
opinion  and  is  either  casting  about  for  ways  and  means 
of  bettering  relations  with  his  public,  or  is  about  to  be 
claimed  by  obsolescence.  If  for  a  moment  he  imagines 
that  results  are  to  be  obtained  by  things  he  says,  rather 
than  by  things  he  does — well  the  same  answer. 

The  man  who  is  alive  to  things  as  they  are  has  had 
plenty  of  evidence  during  the  past  two  years  that  public 
opinion  does  count.  If  he  doubts,  to  what  does  he  at- 
tribute the  fact  that  in  a  great  many  cities  and  towns 
throughout  the  United  States,  railways  have  been  able 
to  secure  increases  in  the  rate  of  fares  with  little  or 
no  opposition,  while  in  other  communities  all  attempts 


W.   H.   BOYCE 

Superintendent, 
The  Beaver  Valley  Traction  Company 

at  securing  just  and  much  needed  increases  have  met 

with   the  most   strenuous   opposition.     There   certainly 

are  reasons  for  this — reasons  that  cannot  be  overcome 

in   their   entirety   by   a   publicity   campaign.     Publicity 

alone  is  not  a  cure-all.     Publicity  here  is  used  in  its 

generally  accepted  sense,  that  is,  the  printed  word,  and 

although  this  method  of  acquainting  the  public  with  the 

difficulties  of  operating  a  street  railway  system  under 

present    day    conditions    is    absolutely    necessary,    this- 

method  alone  will  not  stand  the  test. 

There  are  many  other  things  to  be  considered  in 

handling  the  public.     Probably  the  most  difficult,  yet 

one  of  the  first  things  to  accomplish,  is  for  the  utility 

manager  to  be  able  to  see,  know  and  judge  his  system  as- 

it  is  appraised  by  the  public. 
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ADVERTISING 

The  Bell  Telephone  Company  and  the  Pullman 
Company  started  tlieir  advertising  early.  Don't  let 
yourself  get  into  the  class  with  the  meat  packers.  What 
constitutes  effective  advertising  is  largely  determined  by 
the  kind  of  a  community  you  serve,  and  a  discussion  of 
this  subject  would  furnish  sufficient  material  for  an 
article  in  itself.  But  there  is  one  thing  that  must  not 
be  overlooked.  Do  not  let  your  public  get  the  im- 
pression that  the  conditions  confronting  you  are  ex- 
ceptional. They  might  attribute  the  cause  to  local 
management,  and  your  public  has  and  knows  that  it  has 
;.  right  to  expect  from  you  the  lowest  cost  possible  un- 
der efficient  management.  Show  the  conditions  in  the 
railway  industry  throughout  the  country. 

Continuous  stereotyped  matter  is  of  little  substaii 
tial  benefit  in  the  public  utility  business  except  as  it 
maintains     friendly    relations    with    local    advertising 


service.  When  an  improvement  that  will  benefit  the 
public  is  made,  do  not  neglect  to  give  it  proper  publicity, 
.showing  its  cause,  effect  and  cost. 

Your  public  should  know  the  competition  that  you 
are  compelled  to  meet  in  the  form  of  the  privately 
owned  automobile,  and  in  a  measure  the  telephone,  ex- 
press, parcel  post,  delivery  trucks  and  wagons,  and  that 
in  a  way  you  are  subsidizing  some  of  these  competitors 
by  maintaining  many  thousand  square  feet  of  street  pav- 
ing. You  must  consider  the  diversity  of  the  mental 
characteristics  of  your  customers  and  frame  advertise- 
ments and  form  friendships  to  cover  the  whole  field  for, 
in  this  business,  although  the  street  car  has  been  termed 
the  poor  man's  auto,  you  must  reach  all  classes. 

Advertising  has  been  likened  to  the  bird  dog — use- 
less unless  the  hunter  is  right  behind  to  bag  the  game 
as  it  is  uncovered.  The  street  car  platform  is  a  won- 
derful   place    to    make    friends.     The   proper   kind   of 
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mediums,  and  keeps  your  public  in  a  different  frame  of 
mind  from  that  which  is  in  evidence  when  a  utility  first 
starts  to  advertise  or  advertises  but  intermittently,  for 
in  these  latter  cases  the  public  by  instinct  is  suspicious 
that  "some  job  is  about  to  be  pulled",  therefore,  the 
continued  use  of  a  small  advertising  space  at  all  times 
and  a  larger  amount  of  space  as  warranted,  is  advisable. 
The  old  press  agent  methods  are  passe.  When  you 
have  anything  to  tell  your  public  in  the  newspapers,  put 
it  into  a  paid-for  advertisement  that  will  .show  for  it- 
self that  it  is  a  paid-for  advertisement.  If  you  have  a 
bad  operating  condition  that  for  some  rea.son  you 
cannot  correct,  do  not  wait  for  the  newspapers  to  make 
a  story  of  it.  Put  the  whole  truth  and  your  explanation 
in  a  paid-for  advertisement.  It  will  certainly  take  out 
the  sting.  Cuts  attract  more  attention  than  reading 
matter.  Circular  letters  may  be  used  effectively  by 
themselves  or  in  connection  with  other  forms  of  adver- 
tising to  accomplish  particular  results.  Your  public 
should  be  made  to  realize  that  the  community  would 
be  much  better  off  with    lo  cent   service  than   without 


trainmen  make  many  friends  for  themselves.  Why  not 
have  them  make  friends  for  your  company?  Start  your 
publicity  campaign  with  your  blue  uniform  men. 

NEWSPAPERS 

As  a  rule  you  will  find  newspaper  men  just  as  fair, 
if  not  fairer  than  railway  men,  but  one  must  be  ex- 
tremely careful  in  the  manner  in  which  he  attempts  to 
"stand  in"  with  the  newspapers.  Editors  and  pro- 
prietors guard  their  so-called  rights  with  extreme 
jealou.sy,  but  they  will  not  trouble  you  a  great  deal  if 
the  public  is  not  against  you.  Furnish  service  to  news- 
papers as  well  as  passengers.  Have  someone  desig- 
nated from  whom  newspaper  men  are  to  secure  inform- 
ation. The  reporter,  cub  or  veteran,  can  do  more  for 
or  against  you  than  any  one  individual  in  the  com- 
munity. No  matter  how  much  you  might  dislike  his 
[lersonality  or  his  method  of  handling  news  items  con- 
cerning your  system,  you  will  do  well  to  cultivate  him. 

THE   PUBLIC 

If  a  public  utility  official  will  trust  the  public  as  he 
trusts  an  individual  friend,  it  will  not  take  him  long  to 
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form  a  degree  of  understanding  between  his  corporation 
and  his  public  that  is  of  tremendous  value  in  times  of 
stress.  Whenever  one  undertakes  to  convince  the 
public  of  the  absolute  necessity  of  a  certain  utility  to 
the  public  without  considering  and  laying  due  amount 
of  stress  on  the  value  of  the  public  and  its  goodwill  to 
the  utility,  then  there  is  about  as  much  chance  of  that 
individual  and  his  public  getting  along  together  as  two 
strange  bulldogs. 

Never  lose  sight  of  the  fact  that  public  opinion 
can  make  or  break  any  company,  particularly  if  that 
company  is  in  need  of  fare  increase,  or  franchise  ex- 
tension or  relief  from  any  of  the  numerous  burdens 
that  a  public  could  or  would  put  upon  it.  Then  con- 
sider that  public  opinion  is  nothing  more  than  the  ag- 
gregate of  individual  or  personal  opinions.  A  publicity 
campaign  through  car  cards,  advertising  programs  and 
newspapers,  will  not  work  miracles  within  a  few  days 
or  a  few  months.  A  judicious  combination  of  deeds 
and  words  will  be  more  effective. 

One  of  your  tasks  is  to  remove  the  impression,  if  it 
prevails,  that  you  and  the  public  are  working  for  op- 
posite results.  You  make  a  sad  mistake  if  you  try  to 
prove  to  your  public  that  it  is  wrong.  Acquaint  it  with 
enough  of  your  difficulties  so  that  it  will  find  out  for 
itself  that  it  is  wrong.  Forget  not  that  the  public  is 
to  be  the  judge  of  your  service. 

COMPLAINTS 

Stop,  Look  and  Think — are  you  one  of  those  in- 
dividuals who  is  too  prone  to  the  manufacturing  of 
excuses  rather  than  making  an  honest  attempt  to  cor- 
rect conditions,  where  corrective  measures  are  neces- 
sary? Complaints  should  be  treated  in  the  light  of  in- 
dicators that  point  out  the  real  weaknesses  in  your  ser- 
vice. It  is  generally  a  very  hard  matter  to  get  the 
public  to  believe  that  the  proper  attention  will  be  given 
its  individual  complaints.  There  are  many  things  one 
can  do  to  overcome  this  impression.  No  matter  how 
irate  or  unreasonable  a  complainant  is,  in  person  or  by 
letter,  he  must  always  be  treated  with  the  greatest  cour- 
tesy. If  for  any  reason,  action  on  a  letter  complaint 
cannot  be  had  for  a  period  of  several  days,  so  inform 
your  correspondent  at  once. 

Satisfied  customers  are  valuable  assets.  To  satisfy 
your  customers  you  must  have;  first,  courteous,  oblig- 
ing trainmen ;  second,  clean  cars,  run  on  schedule ; 
third,  and  one  of  your  most  valuable  assets  is  to  have 
well-heated  cars  in  winter  time. 

Many  of  your  patrons  have  the  firmly  embedded 
idea  that  they  are  giving  your  company  so  many  dollars 
per  week,  month  or  year.  It  is  not  hard  for  you  to 
realize  that  in  the  tone  of  some  of  the  written  or  verbal 
complaints.  This  "regular  patron"  should  be  shown 
what  you  in  turn  are  giving  him.  In  a  good  many  cases 
it  is  not  a  fair  exchange  at  all.  You  are  giving  him 
more  than  you  receive.     Make  him  realize  that. 

PERSONALITY 

Inject  personality.  John  Doe  with  the  individual- 
ity of  even  a  Fatima  cigarette  can  certainly  get  more 


people  to  listen  to  and  work  for  him  than  can  any  cor- 
poration as  a  corporation.  More  good  will  result  in 
your  being  generally  known  as  say  "Bill  Day"  than 
"The  General  Manager  of  The  Blank  Street  Railway 
Co."  Fail  not  to  uphold  the  dignity  of  your  position, 
but  do  not  feel  so  big  that  your  public  will  feel  that  you 
think  you  own  all  the  territory  your  lines  traverse. 

Don't  make  a  show  of  your  official  position  in  view 
of  the  public,  especially  if  just  breaking  in:o  new  sur- 
roundings. Let  the  general  public  find  out  who  you 
are  in  other  ways.  Bear  in  mind  that  your  position  as 
general  manager  of  a  public  service  corporation  carries 
with  it  an  implied  duty  that  even  you  serve  the  public 
in  many  ways.  Employ  subordinates  whom  you  can 
entrust  with  the  details  of  the  business,  and  spend  your 
tune  in  the  actual  managment  of  the  business  and  in 
cultivating  your  public. 

You  cannot  shove  a  paper  under  your  patrons  door 
as  is  done  at  the  Hotels  Statler,  but  you  can  pat  them 
on  the  back  in  other  ways.  Much  can  be  accomplished 
through  community  entertainment.  By  community  en- 
tertainment is  meant  the  entertainment  you  furnish  in 
the  form  of  a  dance,  or  otherwise,  to  your  friends  of 
the  community.  At  these  affairs  in  communities  under 
75  ooo  population,  forget  social  caste  or  barriers.  Re- 
member your  friends.     It  can  be  done. 

You  do  have  friends  who  will  believe  the  facts 
you  give  them  about  the  financial  condition  of  your 
company.  Impossible,  of  course,  but  suppose  you 
could  rate  every  person  in  your  community  a  friend. 
Wouldn't  things  be  easy  for  you  ? 

Many  valuable  acquaintances  may  be  formed 
through  affiliation  with  commercial  and  social  organiza- 
tions. These  acquaintances,  if  properly  fostered,  will 
resolve  into  friendships  that  will  prove  of  inestimable 
value  in  times  of  trouble.  To  make  a  friend  a  day,  or 
to  confine  your  friendships  or  acquaintances  to  one 
class,  is  not  enough.  A  "good  mixer"  in  the  railway 
game  must  be  very  democratic.  You  can  not  makt-  a 
friend  of  every  person,  and  oftimes  it  is  not  advisable. 
A  recognized  "public  crab"  is  a  good  man  to  have 
against  you.  His  being  against  you  makes  you  a  lot 
of  friends.  Be  diplomatic  and  exercise  judgment  in 
making  friends. 

To  attempt  to  carry  water  on  both  shoulders  will 
prove  disastrous.  In  public  statements,  give  your  public 
the  truth  or  nothing.  Keep  your  agreements.  Play  fair. 
Lay  all  of  your  cards  on  the  table,  because  "you  can't 
fool  all  the  people  all  the  time".  The  line,  "Have  a 
Smile  for  Everyone  You  Meet",  was  written  for  public 
utility  managers. 

Be  sincere.  If  you  have  been  doing  any  or  all  of 
these  things,  keep  on  doing  them.  The  constant  drip 
will  wear  away  the  stone.  Never  get  discouraged.  You 
cannot  win  the  favorable  opinion  of  the  public  in  one 
day  or  in  one  battle  as  a  general  could.  You  must 
keep  everlastingly  at  it.  Time  and  the  proper  attitude 
will  do  the  rest.  You  will  always  find  it  true  that  "He 
profits  most  who  serves  best". 


iiumiii'baji 


D.  C.  Hershrf-rcer 

Railway   Engineer, 

Wcstinghouse  Electric  &  Mfg.  Co. 


JT  IS  A  MATTER  of  common  knowledge  that  the 
majority  of  the  steam  roads  depend  upon  freight 
revenues  to  earn  dividends.  Previous  to  the  time 
when  these  roads  were  taken  over  by  the  government, 
there  was  a  hvely  interest  in  competitive  soHcitation  of 
freight  business.  This  has  been  discontinued  under 
government  operation.  A  few  freight  roads  would 
gladly  abandon  their  passenger  business,  if  permitted; 
on  the  other  hand  it  is  certain  that  the  few  steam  roads 
deriving  the  major  portion  of  their  revenue  from 
passenger  traffic  would  be  unwilling  to  dispense  with 
their  freight  business. 

Compare  this  attitude  of  the  steam  roads  toward 
the  freight  business  with  that  of  many  of  the  electric 
roads.  Apparently  the  op|M>sile  condition  exists,  in 
many  places.  With  steam 
road  freight  solicitation 
abandoned  under  govern- 
ment operation,  there  is  an 
excellent  opportunity  for 
the  electric  roads  to  in- 
crease their  freight  busi- 
ness, as  the  steam  roads 
are  not  catering  to  local  or 
short  haul  traffic.  Many 
of  the  electric  roads  carry- 
ing freight  are  alive  to  this 
opportunity,  but  lack  capi- 
tal, equipment  and  organi- 
zation to  take  on  this  busi- 
ness. It  must,  however,  be 
recognized  that  the  char- 
acter of  the  freight  busi- 
ness which  the  electric  road  can  handle  is  widely 
different  from  that  of  the  steam  road.  Ihe 
steam  road  is  graded  and  equipped  to  handle 
heavy  train  loads  over  long  distances,  while  the  electric 
road,  because  of  its  profile  and  equipment  is  best  suited 
to  move  smaller  trains,  act  as  a  feeder  to  the  steam  or 
electrified  trunk  line  and  engage  in  the  short  haul  freight 
business  generally.  The  electric  road  engaging  in  this 
class  of  business,  as  well  as  in  the  interchange  traffic 
between  steam  roads  and  in  general  freight  haulage, 
must  have  proper  equipment.  The  roads  which  are 
handling  this  class  of  business  successfully,  and  on  a 
large  scale,  are  usually  equipped  with  electric  loco- 
motives. 

Past  experience  has  shown  that  much  thought  can 
profitably  be  given  to  .selecting  locomotives  of  suitable 
speeds  as  well  as  hauling  capacity,  thereby  better  fitting 
them  to  the  service  and  power  conditions.     The  feature 
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V\i,.    I — 50    TON,    600    VOLT,    FIELD    CON'TKdI. 
FREIGHT  LOCOMOTIVE 

Used  by  the  International  Railway  Company,  Buffalo,  N.  Y, 


of  the  high  current  demands  of  high-speed  freight  loco- 
motives has  been  brought  to  the  attention  of  the  railway 
public  at  various  times,  but  there  are  numerous  place* 
where  the  high-speed  engine  is  admirably  fitted  to  do- 
the  work,  and  where  ample  power  is  available. 

THE  LOW-SPEED  LOCOMOTIVE 

The  low-speed  electric  freight  locomotive  has  a 
very  wide  application  in  the  electric  railway  field.  The 
speed  of  this  type  of  engine  usually  ranges  from  seven 
to  ten  miles  per  hour  at  the  noininal  rating,  while  the 
free  running  speed  on  straight  level  track  is  ten  to 
twenty  miles  per  hour  with  rated  load.  The  low-speed 
locomotive  is  best  adapted  to  service  where  the  hauls 
are  short,  and  sidings  and  stations  relatively  frequent, 
a  condition  that  exists  ort 
a  large  number  of  railway 
properties.  On  a  system 
^  of  this  kind,  where  freight 

is  handled  at  night  at  hours 
when  passenger  trains  are 
not  running,  or  at  least 
running  at  infrequent  in- 
tervals, the  location  of  sid- 
ings is  of  secondary  im- 
portance, as  the  freights  do^ 
not  have  to  clear  passenger 
trains  at  short  intervals,  if 
at  all.  With  day  operation 
considerable  time  is  lost  on 
sidings  waiting  for  passen- 
ger trains. 

The  average  electric 
railway  is  provided  with  sufficient  substation  ca- 
pacity to  operate  the  passenger  service  with  possibly 
a  small  margin  for  emergency  conditions.  The 
addition  of  freight  transportation  may  require  in- 
crea.sed  substation  capacity  unless  planned  judiciously 
prior  to  inaugurating  the  service.  Without  increas- 
ing the  substation  capacity,  it  is  usually  possible 
to  take  on  a  certain  amount  of  freight  traffic  by  provid- 
ing a  low  speed  locomotive  which  draws  a  relatively 
small  amount  of  power.  The  heaviest  trains  can  be 
hauled  in  the  off-peak  hours,  while  considerable  of  the 
lighter  traffic  can  be  taken  care  of  during  the  day.  As 
a  matter  of  fact,  many  companies  are  handling  their 
freight  business  during  the  day,  and  by  careful  dis- 
patching are  avoiding  overloading  their  stations.  This 
practice  permits  the  substations  to  be  shut  down  in  the 
latter  part  of  the  night. 

The    low    speed    engine    is    well    suited    to    handle 
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switching  work  in  yards  or  at  stati  ;ns.  It  is  usually 
provided  with  two-speed  control.  The  first  or  half- 
speed  connection  is  obtained  by  con.i.^ting  two  motors 
in  parallel  and  the  two  groups  in  series,  while  the  second 
or  full  speed  connection  is  obtained  by  connecting  all 
motors  across  the  line. 

The  tractive  effort  of  the  low  speed  engine  is  high 
and  makes  it  possible  to  slip  tlie  wheels  without  ex- 
cessively overloading  the  equipment.  This  is  a  very  de- 
sirable feature,  tending  to  prevent  the  transportation 
department  and  crews  from  loading  the  engine  beyond 
its  capacity.  The  addition  of  the  field  control  feature 
reduces  the  losses  in  the  grid  resistors  and  also  enables 
high  tractive  efforts  to  be  obtained  with  reduced  cur- 
rent. It  provides  four  economical  running  speeds — 
two  in  series  and  two  in  parallel. 

THE  HIGH  SPEED  LOCOMOTIVE 

The  average  trainman  and  operator  desires 
ample  speed,  for  the  reason  that  there  is  a  certain  fasci- 
nation and  pride  in  operating  an  engine  that  can  go 
through  on  passenger  schedule.  It  is  well  to  study  the 
characteristics  of  an  engine  of  this  type  to  determine  its 


FIG.    2 — 50   TON,   600   VOLT,    FIELD    CONTROL,    LOW-SPEED 
FREIGHT  LOCOMOTIVE 

Used  by  ihe  Monongahela  Valley  Traction  Co.. 
Clarksburg,  W.  Va. 

applicability  to  the  service  and  its  eilect  on  substation 
capacity.  The  speed  of  the  average  high-speed  engine 
ranges  from  thirteen  to  sixteen  miles  per  hour  at  the 
nominal  rating.  On  level  tangent  track,  hauling  rated 
load,  the  free  running  or  balancing  speed  ranges  from 
fifteen  to  forty  miles  per  hour. 

In  freight  service  an  engine  of  this  type  is  regarded 
as  a  high  speed  locomotive,  whereas  for  interurban 
passenger  service,  it  would  be  considered  medium  speed. 
The  high  speed  engine  is  adapted  to  interurban  roads 
which  have  long  hauls  with  infrequent  stops,  such  as 
exist  on  a  number  of  the  roads  in  the  central  states. 
On  many  of  these  roads  the  freight  is  handled  at  night 
and  the  substations  have  adequate  capacity  to  furnish 
the  necessary  power.  It  is  necessary  to  operate  the 
freight  trains  during  the  day  on  some  lines  and  with  this 
type  of  engine  such  service  can  be  performed  without 
serious  interference  from  or  with  the  passenger  traffic, 
provided  the  power  supply  and  distribution  systems  are 
adequate. 

The  length  of  time  the  crews  are  on  the  road  must 
also  be  considered,  not  only  at  present,  but  for  the  fu- 
ture, as  the  old  order  of  excessively  long  hours  is  fast 
passing.     This  means  that  runs  must  be  completed  in  a 


relatively  short  time  and  the  motive  power  must  have 
sufficient  speed  to  avoid  being  held  frequently  at  sidings 
for  passenger  trains  to  clear.  Much  time  is  lost  in  this 
way. 

In  electric  freight  service,  the  road  engine  must  do 
switching  work  at  way  stations,  yards  and  interchange 
points.  For  this  work  with  a  high-speed  engine,  three 
speeds  are  better  adapted  than  two  speeds.  The  three 
speed  combinations  on  a  four  motor,  600  volt  locomo- 
tive are: — quarter  speed,  half  speed  and  full  speed. 
Quarter  speed  is  obtained  by  placing  all  motors  in  series 
across  the  line,  while  half  and  full  speeds  are  obtained 
as  described  for  the  low  speed  locomotive.  For  1200 
volt  or  15CK)  volt  locomotives  this  three  speed  combina- 
tion cannot  be  provided  with  four  motors  per  locomo- 
tive unless  each  motor  is  designed  for  full  line  voltage. 
As  now  built,  these  locomotives  are  equipped  with  600 
volt  or  750  volt  motors,  insulated  for  full  line  voltage. 
Two  motors  are  connected  permanently  in  series  and 
the  groups  connected  in  series  or  parallel  to  obtain  half 
speed  or  full  speed  respectively.  To  obtain  quarter 
speed,  half  speed  and  full  speed  at  least  eight  motors 
are  required  for  each  locomotive.  A  six-motor  loco- 
motive will  provide  one-third  speed,  two-thirds  speed 
and  full  speed.  The  motor  equipment  on  this  type  of 
engine  also  provides  high  tractive  effort  which  m.akes  it 
possible  to  slip  the  wheels  without  seriously  overloading 
the  equipment,  thus  tending  to  prevent  abuse. 

The  addition  of  field  control  to  a  two-speed  engine 
provides  four  running  speeds,  with  no  resistance  in 
series  with  the  motors  and  which  therefore  are  economi- 
cal running  notches.  The  thiee-speed  field-control 
locomotive  provides  six  economical  running  notches. 
1  he  field  control  feature  reduces  the  rheostatic  losses 
below  those  of  the  non-field  control  locomotive,  and 
makes  it  possible  to  do  the  same  work  with  reduced 
currents  in  the  main  circuits  when  employing  the  full 
field  connection, 

MOTOR  EQUIPMENT 

The  standard  motor  equipment  for  the  low  speed 
50-ton  engine  usually  consists  of  four  100  horse-power, 
600  volt  field  control  motors  with  maximum  reduction 
gearing,  arranged  for  33  to  36  inch  wheels,  while  that 
for  the  high  speed  engine  usually  consists  of  four  160  tc 
200  horse-power,  600  volt  field  control  motors  with 
maximum  reduction  gearing  and  36  inch  wheels.  For 
the  comparison  here  given  the  high  speed  engine  has  a 
motor  with  double  the  hour  rating  of  that  used  for  the 
low  speed  engine.  The  total  capacity  of  the  motor 
equipment  on  the  low-speed  engine  is  400  horse-power, 
while  that  for  the  high-speed  engine  is  800  horse-power. 
The  low-speed  engine  will,  at  the  nominal  rating  of  the 
motors,  have  a  speed  of  approximately  8.8  miles  per 
hour  at  500  volts,  while  the  high-speed  engine  will  have 
a  speed  of  14.  i  miles  per  hour  at  the  nominal  rating,  or 
60  percent  higher  speed  than  the  low  speed  engine. 
The  low-speed  locomotive  will  have  a  tractive  effort  of 
14000  lbs.  at  the  nominal  rating,  while  the  high-speed^ 
locomotive  will  have  a  tractive  effort  of  17400  lbs.  or 
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24  percent  higher  than  the  low-speed  locomotive.  All 
ratings  and  speeds  are  based  on  short  field,  maximum 
reduction  gearing  and  36  inch  wheels. 

CONTROL  EQUIPMENT 

The  coHtrol  is  usually  arranged  to  permit  multiple 
operation  of  locomotives,  if  desired.  The  electro-pneu- 
matic type  mounted  in  the  equipment  compartment  in 
the  center  of  the  locomotive  cab  is  preferable.  All 
parts  are  accessible  and  easily  inspected.  A  large  num- 
ber of  notches  is  provided  on  the  master  controller,  and 
proper  grouping  of  motors  and  gradation  of  resistance 
in  the  main  circuits,  insures  a  nearly  constant  drawbar 
pull  for  starting  a  train  smoothly.  The  proper  ar- 
rangement of  control  is  very  important  in  keeping  wheel 
slippage  at  a  minimum  when  starting  heavy  trains  on 
grades. 

COMPARISON    OF    CHARACTERISTICS 

Fig.  3  shows  the  relative  current  demand  per  ton 
trailing  load  for  low  and  high-speed  locomotives,  and 
also  for  the  purpose  of  enabling  the  operator  to  deter- 
mine approximately  the  current  demand  at  maximum 


maximum  trailing  load,  including  locomotive,  it  is  only 
necessary  to  multiply  the  trailing  load  in  tons  by  the 
amperes-per-ton  for  the  percent  grade  to  be  ascended. 
The  full  field  connection  produces  the  same  tractive  ef- 
fort at  the  wheel  tread  as  the  short  field,  but  with  re- 
duced current  and  speed.  This  feature  is  useful  in 
ascending  grades  at  minimum  current  per  locomotive, 
starting  heavy  loads  with  reduced  grid  resistance  losses, 
and  obtaining  best  comnuitating  conditions  for  the 
motors.  .  . 

In  applying  this  curve  to  a  1200  volt  engine,  the 
amperes-per-ton  should  be  taken  at  one-half  of  the 
values  shown  on  the  curve,  hence  the  amperes  per  lo- 
comotive or  train  are  reduced  50  percent  by  the  high 
line  voltage.  Two  motors  are  connected  permanently 
in  series  and  the  two  groups  thus  connected  are  paral- 
leled across  the  line  for  full-speed.  For  half-speed,  tlie 
two  groups  of  motors  are  connected  in  series.  The 
speed  of  the  1200  volt  engine  is  the  same  as  that  of  the 
600  volt  engine. 

Fig.  4  shows  the  maximum  trailing  loads  which 
can  be  hauled  up  the  various  grades  by  either  a   low 
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■K;.    3 — COMP.\RISON  OF  CCRRE.VT  PER  TON  TRAILING  \.0M>   REQUIRiai 
ON   VARIOUS   GRADES 

For  low  and  high-speed,  50  ton,  600  volt,  direct-current 
lucomotivcs,  based  on  maximum  load,  at  25  percent  nomin:il 
running  adhesion. 

loads  for  a  50  ton  engine  when  grades  and  trailing 
loads  are  known.  Comparing  the  amperes  per  ton  trail- 
ing, with  motors  connected  to  the  line  for  full  speed  on 
short  field,  ascending  a  two  percent  grade,  it  will  be 
observed  that  the  current  demand  is  1.91  amperes  pei 
ton  for  the  low  speed  engine,  while  for  the  high  speed 
engine  it  is  3.05  amperes,  or  60  percent  greater.  There- 
fore, the  current  per  train  is  60  percent  greater.  On  a 
five  percent  grade,  the  high  speed  engine  will  require  56 
percent  more  current  than  the  low  speed  engine.  On 
full  field,  these  percentages  are  49  percent  and  .43  per- 
cent respectively.  Running  the  high-speed  engine  on  full 
field  connection  on  grades,  instead  of  on  normal  or 
short  field,  reduces  the  current  per  ton  or  per  train  ap 
proximately  18  percent  on  maximum  grades.  Running 
on  full  field  connection  with  the  low-speed  locomotives 
reduces  the  current  approximately  13  percent  under  that 
of  the  short  field  connection. 

To  determine  the  current  demand  per  train  with 
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KIG.   4 — MAXIMUM    HAULING    CAPACITY    OF    LOW-SPEED    AND 
HIGH-SPEED  50  TON    LOCOMOTIVES   ON   VARIOUS   GR.\DES 

The   table  compares   the  speed,  current  and  kilowatts   per 
locomotive  at  500  volts,  and  maximum  capacity. 

or  a  high  speed,  50  ton,  600  volt  engine  at  25  percent 
nominal  running  adhesion.  These  loads  can  be  started 
on  the  grade  shown,  by  using  sand  to  obtain  sufficient 
adhesion,  excepting  possibly  during  very  severe  weather 
conditions,  when  the  train  resistance  is  raised  by  low 
temperatures.  The  values  of  trailing  load  shown  by  the 
curve  are  permissible  under  average  conditions  for 
grades  not  exceeding  one-half  mile  in  length. 

Service  conditions  and  profile  have  a  very  im 
portant  influence  on  motor  temperatures  and  must  be 
carefully  considered  on  any  specific  proposition  to  per- 
mit determining  the  proper  trailing  loads  to  be  safely 
hauled.  The  motor  equipments  are  suitable  for  the 
trailing  loads  shown,  only  so  long  as  maxiinum  reduc- 
tion gearing  is  used.  Gearing  of  less  reduction,  which 
gives  a  faster  train  speed  for  either  the  low  speed  or  the 
high  speed  engine,  necessitates  reducing  the  trailing 
loads,  and  renders  the  motors  less  capable  of  slipping 
the    wheels    at    maximum    adhesion    obtainable.     It    is 
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necessary,  in  protecting  tlie  locomotive  from  overloads 
on  grades,  to  apply  a  motor  equipment  which  will  slip 
the  wheels  under  best  rail  conditions. 

The  table  shown  in  connection  with  this  curve  gives 
the  speed,  current  and  kilowatts  per  locomotive,  ex- 
clusive of  energy  for  auxiliaries,  when  hauling  these 
trailing  loads.  This  tabulation  was  made  up  for  6cx) 
volt  engines,  and  with  the  assumption  that  the  average 
voltage  would  be  500  volts  when  operating  on  grades. 
The  values  of  current,  speed  and  kilowatt  demand  re- 
main constant  when  the  trailing  loads  are  based  upon  a 
given  adhesion.  The  current  for  the  high-speed  engine 
on  short  field  is  57  percent  greater  than  for  the  low 
speed  engine,  while  on  the  full  field  it  is  45  percent 
greater.  The  speed  in  miles  per  hour  for  the  high- 
speed engine  is  71  percent  greater  on  short  field  than  for 
the  low  speed  engine,  and  57  percent  greater  on  full 
field.  When  ascending  a  grade  at  half  speed,  the  cur- 
rent and  kilowatt  demand  per  locomotive  will  be  re- 
duced 50  percent. 


••IG.    5 — COMP.VRISON  OF  BALANCING  SPEEDS  AND  RESULTING  CURRENT 
PER  LOCOMOTIVE  AT  5OO  VOLTS 

With  various  trailing  loads,  on  straight  level  track  for  50  ton, 
low-speed  and  high-speed  locomotives. 

With  1200  volt  engines  equipped  with  four  motors, 
the  current  per  locomotive  is  one-half  that  for  600  volt 
four  motor  locomotives,  but  the  speed  in  miles  per  hour 
is  the  same  with  the  same  motor  equipment.  The  de- 
mand in  kilowatts  is  the  same  for  either  voltage  engine 
of  the  same  speed. 

Fig.  5  shows  the  balancing  or  free  running  speeds 
at  500  volts  with  various  trailing  loads  on  level  tangent 
track  for  the  two  types  of  engines  under  consideration. 
The  currents  per  locomotive  resulting  are  also  shown. 
Referring  to  Fig.  4,  the  maximum  trailing  load  which 
can  be  handled  on  a  two  percent  grade,  is  480  tons. 
Then  referring  to  Fig.  5,  the  speed  on  the  level  with  this 
trailing  load  is  15  miles  per  hour,  while  that  with  the 
high-speed  engine  is  25  miles  per  hour,  or  67  percent 
greater.  The  current  per  locomotive  at  this  load  is 
230  amperes  or  115  kilowatts  for  the  low  speed  engine, 
and  440  amperes  or  220  kilowatts  for  the  high  speed 
engine. 

With  practically  level  track  between  substations, 
the  average  voltage  will  frequently  exceed  500  with 
proper  feeder  capacity,  while  on  grades,  it  will  usually 


be  less  than  500  volts  with  heavy  trains,  unless  in  the 
vicinity  of  a  substation. 

TIME  OF  RUNS 

The  character  of  service  to  be  performed  has  a 
very  large  bearing  on  the  locomotive  speed  required. 
Observations  have  shown  that  the  length  of  runs  be 
tween  stops  varies  from  2.5  to  10  miles.  On  the 
shorter  runs,  the  time  saving  is  small  with  a  high  speed 
engine  as  compared  with  a  low  speed  engine ;  however, 
on  the  longer  runs,  the  high  speed  engine  will  give  con- 
siderable saving  in  time.  To  obtain  an  approximate 
idea  of  the  time  required  by  the  two  classes  of  engines 
to  make  a  given  run,  assume  that  a  600  ton  trailing 
load  is  to  be  hauled  over  a  40  mile  line,  (80  miles  per 
round  trip  excluding  switching  mileage),  with  stops 
every  four  miles,  to  pick  up  and  set  off  freight.  Also 
assume  length  of  stops  at  15  minutes  each,  average. 
The  total  duration  of  stop  time  would  be  five  hours  for 
either  engine.  The  average  speed  of  the  low-speed  en- 
gine would  be  approximately  11  miles  per  hour  on 
virtually  level  track,  while  that  for  the  high-speed  en- 
gine would  be  approximately  18  miles  per  hour.  The 
low-speed  engine  would  require  approximately  7J4 
hours  running  time,  while  the  high  speed  engine  would 
require  4J/2  hours,  or  a  difference  in  running  time  of 
2%  hours.  The  switching  time  would  be  the  same  in 
either  case.  With  crew  costs  at  $2.25  per  hour,  the 
labor  difference  amounts  to  $6.20  per  round  trip. 

The  crew  of  the  low-speed  engine  would  have  a 
1214  hour  day,  while  that  of  the  high  speed  engine 
would  have  a  9J/2  hour  day,  so  that  it  will  be  seen  that 
under  the  conditions  assumed,  the  gYi  hour  day  will  be 
about  as  long  as  can  be  expected  for  future  work.  This 
indicates  that  the  high-speed  locomotive  is  preferable  in 
tills  case. 

ENERGY 

The  energj'  in  watt-hours  per  ton-mile  required  to 
haul  a  train  of  a  given  weight,  over  a  road  of  the  same 
profile,  is  somewhat  less  for  the  low-speed  engine  than 
for  the  high-speed  engine.  Assume  that  on  a  road  hav- 
ing three  percent  maximum  grades,  the  length  of  the 
average  run  is  four  miles,  and  the  weight  of  the  maxi- 
mum train  which  can  be  hauled  over  this  grade  by 
either  engine  is  310  tons  trailing.  The  energy  con- 
sumption, including  auxiliaries,  would  be  approxi- 
mately 48  watthours  per-ton  mile  for  the  low-speed  en- 
gine and  52  watthours  per  ton-mile  or  eight  percent 
more  for  the  high-speed  engine.  On  an  eighty  mile  trip, 
including  the  usual  amount  of  switching,  the  energy  re- 
quired by  the  fast  engine  would  be  approximately  130 
kilowatt-hours  more  than  that  required  for  the  low- 
speed  engine.  With  energy  costing  three  cents  per 
kilowatt-hour  at  the  locomotive,  the  difference  in  energy 
cost  amounts  to  $3.90  per  trip  in  favor  of  the  low-speed 
engine.  On  runs  of  shorter  length,  the  energy  econo- 
mies become  increasingly  favorable  to  the  low-speed 
engine  on  account  of  the  more  frequent  accelerations, 
lower  train  resistance  and  less  energ\'  dissipated  in  heat- 
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ing  brake  shoes  and  wheels  when  brak..ig  tioin  the 
lower  speed.  With  increasing  distance  between  stops, 
the  advantage  of  the  low-speed  engine  in  energy 
economy  decreases. 

In  switching  service,  a  two-speed  low-speed  engine 
has  a  distinct  advantage  over  the  two-speed  high-speed 
engine.  However,  if  the  high  speed  engine  is  arranged 
for  three  speeds,  as  explained  previously,  it  will  per- 
form with  equal  economy  in  switching  service. 

CONCLUSIONS 

It  is  apparent  from  the  comparison  of  the  two  types 
of  locomotives  considered,  that  adequate  energy  supply 
and  the  service  to  be  performed  are  the  two  important 
factors  which  influence  the  selection  of  a  locomotive 
of  proper  speed  characteristics  and  hauling  capacity. 
I'he  overall  economies  are  determined  largely  by  the 
character  of  service  to  be  performed  and  the  power 
supply  available.  A  fast  engine  may  economize  in  time 
on  the  road  but  lose  this  advantage  by  making  it  neces- 
sary to  provide  additional  power  equipment  and  feeder 
capacity.  The  low-.'jpeed  engine  may  perform  the  ser- 
vice without  additional  power  equipment  but  interferes 
with  passenger  traffic  in  day  operation. 


Either  type  of  engine  will  handle  freight  with  low 
operating  expense  and  with  maximum  reliability. 
Neither  the  steam  locomotive  nor  the  motor  truck  can 
successfully  compete  with  the  electric  locomotive  in  its 
field  of  operation.  The  electric  locomotive  is  the  most 
dependable  unit  of  motive  power  in  existence. 

The  electric  roads  should  plan  for  the  future.  The 
present  acute  situation  cannot  last  for  an  extended 
period  of  time.  Better  days  are  ahead.  The  freight 
business  is  becoming  increasingly  important  as  a 
revenue  producer.  The  equipment  should  be  selected 
to  meet,  not  only  present  conditions,  but  also  probable 
future  conditions  insofar  as  they  can  be  predicted.  In 
certain  sections,  the  number  of  stations  on  a  given  line 
will  in  the  future  be  increased,  which  means  denser 
traffic.  On  other  systems,  the  number  of  stations  or 
loading  and  delivering  points  will  remain  practically  un- 
changed, but  the  lines  will  be  extended  so  that  longer 
trips  will  be  made.  Energy  conditions  will  change. 
The  supply  will  become  more  adequate.  In  view  of  the 
increasing  freight  business  which  is  sure  to  result  from 
closer  co-operation  between  steam  and  electric  systems, 
future  extensions  and  operating  plans  should  be  under- 
taken with  full  recognition  of  these  facts. 
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OI'EN  circuits  due  to  the  breakage  of  armature 
coil  leads  have  been  a  constant  source  of  trouble 
since  the  first  electrical  rotating  apparatus  was 
built.  However,  of  all  the  various  classes  of  electricil 
machines,  this  trouble  has  been  most  prevalent  on  rail- 
way motors.  This  failure  is  caused  by  the  continual 
bending  of  the  leads  at  a  given  point,  which  ultimatel)- 
results  in  crystallization  and  failure.  A  careful  exam- 
ination of  the  broken  ends  will  often  disclose  the  pro- 
gressive stages  of  the  breaking  and  leads  may  be  found 
operating  satisfactorily,  though  more  than  half  broken. 
The  same  class  of  break  may  be  obtained  by  subjecting 
a  piece  of  a  lead  to  a  great  number  of  small  bends.  This 
break  nearly  always  occurs  close  up  to  the  commutator 
and  is  usually  just  at  the  edge  of  the  neck. 

The  fundamental  cause  of  the  bending  is  due  to  the 
vibration  to  which  railw'ay  motors  are  subjected,  whii  h 
is  much  more  severe  than  that  encountered  by  almost 
any  other  class  of  electrical  equipment.  Some  idea  "f 
the  amount  of  this  vibration  may  be  gotten  by  standing 
on  the  motor  through  the  ojiening  in  the  car  floor  wlii^c 
it  is  operating  in  normal  service.  The  cause  of  the 
vibration  is  quite  different  with  different  types  of  motors 
operating  under  a  wide  range  of  conditions.  Hence, 
the  specific  vibration  which  is  causing  the  broken  leads 
in  a  given  case  is  often  very  hard  to  identify  or  over- 
come.    This  has  lead  to  the   conclusion   that   there   is 


something  very  mysterious  about  the  problem. 

The  bending  of  the  leads  and  ultimately  breakage 
may  be  caused  by : — 

I  —  Movement  of  the  commutator  with  respect  to  the 
core. 

2 — Movement  of  the  individual  lead  with  ixspect  to  the 
other  leads  and  end  winding. 

3 — A  movement  of  the  total  end  winding  with  respect 
to  both  the  commutator  and  the  core. 

The  relative  importance  of  these  three  classes  of 
movement  varies  with  different  motors  and  with  differ- 
ent classes  of  service.  An  example  of  the  first  type  of 
movement  is  easily  seen  where  motors  are  operating 
with  loose  cores  or  loose  commutators,  but  examples 
of  the  other  types  are  very  hard  to  identify.  However, 
in  some  cases  a  careful  examination  of  the  coils  and 
insul.iliim  lielwccn  coils  will  reveal  distinct  signs  of 
movement. 

The  forces  acting  to  cause  this  movement  may  be 
divided  into  two  general  classes ; — first,  those  external 
to  the  armature,  and  second,  those  within  the  armature 
itself.     The  external  causes  are  those  due  to: — 

I — Gears  and  pinions. 
2 — Bad  track. 
3 — Flat  wheels. 

4 — Too  rigid  supporting  of  motor  nose. 
5 — Badly  worn  axle  and  armature  bearings. 
6 — Any  external  influence  which  may  tend  to  produce 
vibration  or  shock  to  the  parts  of  the  motor. 
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The  internal  causes  are  as  follows : — 

I — The  reversal  of  the  magnetic  forces  acting  on  the 
lead  as  the  current  reverses  when  commutated. 

2 — The  change  in  centrifugal  forces  acting  as  the  arma- 
ture speed  changes. 

3 — Forces  due  to  rapid  accelerating  and  decelerating. 

4 — Core  loose  on  the  shaft. 

5 — Commutator  loose  on  its  support. 

6 — Too  flexible  a  support  between  the  commutator  and 
core. 

7 — The  forces  due  to  the  diflference  in  expansion  be- 
tween the  copper  and  the  other  parts  of  the  motor,  caused 
by  changes  in  temperature. 

8 — Armatures  out  of  running  balance. 

The  remedy  for  broken  leads  may  be  applied  along 
tw'o  general  lines.  First,  reduce  as  far  as  possible  all 
vibration ;  second,  make  the  arniature  leads  and  all  other 
parts  so  that  they  can  safely  withstand  the  maximum 
amount  of  vibration.  A  study  of  any  individual  case 
of  trouble  will  nearly  always  show  where  great  improve- 
ments can  be  made  along  both  of  these  lines. 

REDUCING  VIBRATION 

Before  making  changes  to  reduce  the  vibration 
which  is  causing  the  trouble,  it  would  be  logical  to  iden- 
tify the  particular  vibration  responsible,  but  this  is  in 
most  cases  impossible  and  hence  the  best  way  is  to  re- 
duce all  vibration  to  a  mimimum  by  proper  mainten- 
ance of  track  and  equipment.  This,  of  course,  will  have 
a  very  beneficial  effect  on  the  life  of  all  parts  of  the 
motor,  besides  helping  the  broken  lead  situation. 

Nearly  all  external  causes  of  vibration  can  be 
limited  to  reasonable  amounts  by  proper  maintenance 
and  operation.  Badly  worn  gears  and  pinions  cause 
excessive  vibration  and  should  be  discarded.  It  is 
often  not  realized  how  much  damage  is  done  to  all 
parts  of  the  motor  by  operating  with  badly  worn  axle 
and  armature  bearings,  due  to  the  very  bad  vibration 
caused  by  the  spread  of  the  gear  centers.  This  also 
causes  very  rapid  wear  of  the  gears  and  pinions,  all  of 
which  tends  to  increase  the  lead  breakage. 

A  track  with  loose  joints,  bad  crossovers  or  broken 
rails  is  also  a  very  prevalent  cause  of  broken  leads.  In 
this  connection,  it  should  be  noted  that  a  track  laid  on 
a  very  rigid  foundation  is  worse  than  one  laid  on  .1 
more  flexible  support,  even  though  the  latter  may  appear 
worse  to  the  eye.  The  operation  of  a  car  over  the  latter 
track  may  be  very  bad,  but  the  effect  on  the  motor  is 
less  injurious  since  the  motor  is  aff'ected  mostly  by  the 
high  period  vibration  caused  by  the  rigid  track.  Flat 
wheels  will,  of  course,  have  the  same  effect  as  bad  track, 
and  should  not  be  tolerated.  Corrugated  track  is 
another  cause  of  serious  vibration. 

Even  with  the  very  best  maintenance,  ordinary  spur 
gears  are  one  of  the  worst  causes  of  vibration.  Hence, 
helical  gears,  referred  to  elsewhere  in  this  issue,  will  be 
very  helpful  in  reducing  the  vibration  to  a  minimum  and 
overcoming  broken  lead  troubles. 

The  first  four  items  listed  under  "external  causes 
of  movement"  can  be  reduced  by  not  subjecting  the 
motor  to  excessive  overloads,  temperatures,  or  accel- 
erating and  braking  rates.  However,  these  forces  are 
probably  small  compared  to  the  others. 


CHANGING  THE  LEADS  SO  THAT  THEY  CAN  BETTER  WITH- 
STAND VIBRATION 

One  of  the  easiest  ways  to  increase  the  life  of 
armature  leads  is  to  make  them  of  some  metal  better 
adapted  to  withstand  vibration  than  copper,  which  is,  of 
course,  used  on  account  of  its  better  electrical  character- 
istics. 

The  relative  life  of  various  metals  under  vibration 
can  easily  be  found  by  testing  in  an  Upton-Lewis 
toughness  testing  machine  which  is  arranged  to  bend 
the  test  piece  back  and  forth  through  any  given  angle, 
while  at  the  same  time  a  record  is  made  of  the  stress 
produced  in  the  sample  and  the  number  of  bends  pro- 
duced before  failure  occurs.  Numerous  tests  have  been 
made  by  soldering  strips  of  various  materials  into 
holders  similar  to  the  standard  commutator  bar  con- 
struction, and  then  subjecting  them  to  backward  and 
forward  movements.  These  tests  show  that  phosphor 
bronze  will  withstand  25  to  35  times  the  number  of 
bends  that  can  be  withstood  by  commercial  copper. 
This  means  that  if  equal  stresses  occurred  in  leads  made 
of   phosphor   bronze   and   copper   an   armature   wound 
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FIG.    I — ARRANGEMENT   OF   LEADS    TO    MINIMIZE   BREAKAGE 

with  phosphor  bronze  leads  would  have  25  or  more 
tunes  the  life.  This  alone  would  be  sufficient  to  en- 
tirely eliminate  this  class  of  failures  for,  in  most  cases, 
over  one  year  is  necessary  to  produce  failure  in  copper 
leads  and  hence  with  phosphor  bronze  a  life  of  25  years 
or  over  could  be  expected.  However  phosphor  bronze 
or  any  other  material  tougher  than  copper  is  unsuited 
for  armature  leads  on  account  of  high  resistance  to  the 
flow  of  electric  current. 

If  this  type  of  failure  were  occurring  on  some 
purely  mechanical  part  of  the  motor,  a  considerable  gain 
in  strength  could  probably  be  made  by  changing  the 
shape  of  the  part.  But  here  the  designer  is  handicapped 
since  the  lead  has  a  limited  space  in  which  to  lie.  If 
it  were  not  for  these  conditions,  the  problem  of  length- 
ening the  life  of  armature  leads  would  be  a  simple  one. 
However,  since  copper  must  be  used  for  the  armature 
conductors  for  electrical  reasons,  and  the  available 
space  can  be  changed  only  slightly,  the  problems  mu«t 
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be  attacked  with  this  in  view  and  the  necessary  modi- 
fications made  in  order  to  get  a  long  life  with  copper, 
and  in  the  space  available. 

After  having  reduced  the  vibration  to  a  minimum, 
further  action  must  be  along  the  following  two  lines :- — 
I — Reduce  the   possible   movement  or  bending  of  the 
lead. 

2 — Strengthen  the  lead  so  that  it  can  withstand  some 
amount  of  vibration. 

In  order  to  reduce  all  possible  movement  of  the 
lead,  the  design  of  the  core  and  commutator,  and  the 
means  of  holding  them  in  alignment  must  be  very 
rugged.  The  coil  and  leads  must  be  shaped  so  that 
they  mutually  support  each  other.  The  leads  should 
be  very  carefully  laid  in  place  so  that  relative  movement 
between  adjacent  leads  is  practically  impossible. 

An  ideal  arrangement  for  the  leads  of  a  wire-wound 
armature  is  shown  in  Fig.  i.  They  are  evenly  spaced 
and  so  placed  as  to  mutually  support  one  another.  On 
some  of  the  older  types  of  motors,  it  may  be  impossible 
to  get  as  good  an  arrangement  as  this,  but  every  effort 
should  be  made  to  support  the  leads  so  that  they  are 
restrained  from  vibrating.  Dipping  the  armature  in 
varnish  and  then  baking*  is  also  advantageous  as  it 
cements  the  leads  together  and  helps  to  prevent  the 
movement  of  the  individual  leads.  Where  it  is  desired 
to  be  unusually  safe  regarding  the  cementing  together  of 
the  leads,  shellac  may  be  applied  before  the  armature  is 
dipped  in  varnish. 

Care  should  be  used  to  locate  the  bands  properly 
over  the  leads.  In  general,  the  bands  should  be  placed 
so  that  bending  of  the  leads  will  not  be  concentrated  at 
one  point  should  movement  of  the  whole  end  winding 
occur  and,  at  the  same  time,  they  should  tend  to  pre- 
vent the  movement  of  the  individual  leads.  This  is 
usually  accomplished  by  distributing  the  banding  well 
over  the  surface  of  the  lead  but  it  should  not  be 
brought  closer  than  three-fourth  inch  from  the  commu- 
tator neck.  Two  bands  with  some  space  between  are 
better  than  a  single  band.  Temporary  bands  should  be 
used  to  pull  the  leads  into  their  final  position  while  the 
armature  is  hot.  The  permanent  bands  should  not  be 
applied  until  after  the  armature  has  cooled.  This  tends 
to  make  the  leads  and  end  winding  a  compact  mass 
and  prevents  movement  of  the  leads. 

In  one  instance  a  bad  case  of  broken  top  leads  was 
helped  by  putting  a  band  on  the  front  end  winding  be- 
fore the  top  leads  were  laid  down.  This  apparently 
relieved  the  strain  on  the  outer  band  to  such  an  extent 
that  the  movement  of  the  top  leads  was  reduced  suffi- 
ciently to  greatly  increase  their  life. 

STRENGTHENING  THE  LEADS  TO  WITHSTAND  VIBRATION 

One  of  the  first  fundamental  principles  is  so  to 
shape  the  lead  as  to  prevent  the  concentration  of  bend- 
ing at  any  one  point.  This  means  that  the  number  of 
bends  should  be  limited  and  made  on  as  large  a  radius 


♦See  Railway  Operating  Data  on  "Dipping  and  Baking  Rail- 
way Motors"  in  the  Journal  for  April,  ini8,  p.  137.  .Mso  article 
on  "War  Time  Dipping  and  Baking  Outfits"  in  the  JorRN.M.  for 
Oct.,  igi8,  p.  400. 


^as  possible.  The  bends  on  the  leads  in  Fig.  1  are  on  a 
large  radius  and  well  removed  from  the  commutator 
neck,  so  that  the  lead  enters  the  commutator  slot  without 
being  under  any  initial  strain  or  likelihood  of  concen- 
trating the  bending  at  the  neck  due  to  a  movement  of 
the  entire  end  winding. 

Great  care  should  be  used  in  making  the  coils  and 
in  winding  the  armature  to  prevent  nicking  or  scratch- 
ing the  lead.  A  nick  or  scratch  may  concentrate  the 
bending  and  soon  cause  failure.  And  for  the  same  rea- 
son, all  sharp  edges  of  the  commutator  which  come  in 
contact  with  the  lead  should  be  rounded.  Only  well 
rounded  drifts  should  be  used,  or  better  still,  use  no 
drifts  at  all. 

Some  experiments  have  been  made  with  a  flexible 
connection  between  the  armature  coil  lead  and  the  com- 
mutator, but  in  many  cases  this  scheme  has  not  over- 
come the  trouble.  It  is,  of  course,  very  difficult  to  make 
and  insulate  the  connection  and  the  results  do  not  justify 
the  additional  expense. 

Soldering  of  the  leads  to  the  commutator  has  been 
blamed  for  the  breakage  and  in  order  to  eliminate  this 
possibility  several  experiments  have  been  made  by 
drifting  the  lead  into  the  neck  without  soldering.  The 
results  in  a  few  cases  have  been  very  satisfactory  but 
the  number  of  cases  has  been  10  few  that  the  scheme 
must  still  be  considered  in  the  experimental  stage. 

Surrounding  the  copper  lead  with  a  sleeve  of  some 
material  better  able  to  resist  vibration  has  proven  quite 
satisfactory.  The  sleeve  surrounds  the  lead  in  the  com- 
mutator neck  and  should  extend  at  least  one  half  inch 
from  the  neck.  This  prevents  concentration  of  the 
bending  of  the  lead  at  the  edge  of  the  commutator. 
Due  also  the  fact  that  the  sleeve  stiffens  the  lead,  less 
movement  can  occur.  Phosphor  bronze  is  the  most 
logical  material  to  use  for  this  sleeve  as  it  combines 
toughness  with  fairly  low  resistance  to  the  flow  of  cur- 
rent. While  this  method  of  increasing  the  strength  of 
the  lead  has  given  excellent  results  its  application  is 
limited  to  a  design  suited  to  this  construction. 

Broken  leads  may  be  due  to  many  different  causes 
and  an  extensive  investigation  and  many  experiments 
may  be  required  before  the  trouble  can  be  located  and 
suitable  corrections  applied.  The  period  of  experi- 
menting may  take  considerable  time  since  it  is  neces- 
sary to  try  out  the  new  schemes  in  service  and,  of 
course,  this  requires  sufficient  time  to  judge  the  life  be- 
fore a  conclusion  may  be  drawn. 

SUMMARY 

To  overcome  trouble  with  broken  leads 

I — Reduce  the  vibration  as  much  as  possible  by : — 

a — Discarding  badly  worn  gears  and  pinions. 

b — Repairing  track  having  broken  joints  or  bad 
crossovers  which  cause  severe  jolts  to  the  motor 

c — Eliminating  flat  wheels. 

d — Supporting  the  motor  nose  as  flexibly  as  possible. 

e — Discarding  badly  worn  axle  and  armature  bear- 
ings. 

/—Giving  each  motor  a  running  test  at  high  speed 
after  being  repaired  to  see  that  they  are  not  out 
of  balance. 
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2 — Increase  the  resistance  of  the  armature  leads  so  that 
they  can  resist  vibration  by — 

a — Reducing  the  possible  movement  of  the  leads  as 

follows : — 

I — Eliminate  all  cases  of  loose  cores  ^nd  com- 
mutators. 

2 — Locate  the  leads  so  that  they  mutually  sup- 
port each  other. 

3 — Hot  band  the  armature. 

4 — Dip  and  bake  in  varnish  or  treat  with  some 
other  material  to  cement  the  leads  thoroughly 
in  place. 

5 — Locate  the  bands  so  as  to  give  the  whole  end 
winding  and  leads  a  distributed  support. 


6-  Rcband  the  armature  after  it  has  been  in  serv- 
ice and  the  insulation  dried  out,  in  order  to 
take  up  any  looseness  which  may  have  de- 
veloped. 

h — Strengthening  the  lead  to  withstand  vibration  as 

follows : — 

I — Eliminate   all   possible   bends. 

2 — Make  all  bends  on  as  large  a  radius  as  pos- 
sible. 

3 — Do  not  nick  or  scratch  the  leads. 

4 — Remove  sharp  edges  of  the  commutator  slot. 

5 — Surround  the  copper  lead  with  a  thin  phos- 
phor bronze  sleeve  (where  the  construction 
permits). 


!RaIhyay  Motor  'Roarings 


J.    S.    DE..VN 

Railway  Engineering  Dept., 
stinghouse  Electric  &  Mfg.  Company 


A  VITAL  factor  in  the  life  and  general  utility  of  a 
railway  motor  is  good  dependable  bearings. 
This  statement  will  be  confirmed  by  the  average 
operating  man  who  has  made  a  careful  study  of  the  re- 
lative importance  of  the  various  details  that  enter  into 
the  make-up  of  a  railway  motor.  As  a  result  of  ex- 
perience, his  interest  naturally  centers  around  the  bear- 


I— Cast  shell 

2 — Bore  and  face  for  babbitt 

3 — Chip  for  oil  grooves 

4 — Tin  and  babbitt 

5 — Rough  turn 

6 — Burn  out  windows 


7 — r  roach 

8 — Chamfer  windows 

9 — Finish  turn 
10 — Profile  kcyway 
II — Chip  oil  grooves  and  finish 
12 — Final  inspection 


The  development  of  a  bearing  from  the  raw  iii;i- 
terial  through  the  various  stages  of  operation   to   the 


A — Ingot  of   bronze  alloy. 
B — Casting  as  removed   from 


sand 


-A   RAILWAY    MOTOR    BEARING    IN    VARIOUS    STAGES    OF    PRODUCTION 

J — Broached. 
K — Window  chamfered. 


C — Casting    as    delivered    to    bearing 

department. 
D — Bored  and  faced. 


F. — Chipped,  for  oil  grooves 
P — Ingots  of  babbitt  metal. 


(7— Babbitted  shell. 
// — Rough  turned. 
/—  Babbitt  burned  out  at  window. 


L — Finish  turned. 

.1/ — Key  way  profiled. 

A' — Oil  grooves  chipped  in  babbitt. 


ings,  and  to  further  focus  his  attention  on  this  import- 
ant subject,  the  method  of  manufacturing  a  bearing  in 
all  its  details  will  be  outlined  and  the  operations  illus- 
trated. 

The  logical  sequence  of  the  various  operations  re- 


iinished  products  is  shown  in  Fig.  i.  The  bronze  cast- 
ings are  made  from  a  split  metal  pattern  designed  to 
mould  two  bearing  shells.  This  is  placed  in  a  metal 
flask  in  which  the  sand  is  packed  and  rammed  by  an 
air-operated  moulding  machine.     The  bronze  is  melted 


quired  in  the  production  of  an  armature  bearing  having  in  an  oil-heated  Swartz  furnace  and  then  poured  as 
a  solid  bronze  shell  with  a  thin  lining  of  babbitt,  such  shown  in  Fig.  2.  When  cool,  the  castings  are  shaken 
as  used  on  modern  lailvvay  motors,  is  as  follows: —  from  the  sand  and  cleaned  by  tumbling  or  sand  blast- 
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ate  is  cut  off  by  a 


mg,   after   which   the 
hijjh-speed  band  saw. 

After  careful  inspection  in  the  foundry,  the  shells 
are  sent  to  the  bearing  department,  Fig.  3,  where  they 
are  placed  in  the  universal  chuck  of  a  turrett  lathe  fitted 
with  special  boring  bars,  where  the  boring  and  facing 
of  the  casting  is  done,  as  shown  in  Fig.  4,  without  re- 


ally to  be  the  correct  pouring  temperature  to  insure  de- 
pendable bearings.*  The  temperature  of  the  babbitt 
metal  is  never  allowed  to  get  above  470  degrees  C.  and, 
while  pouring,  is  kept  between  460  and  470  degrees  C, 
by  means  of  an  automatic  temperature  controlling  de- 
vice fitted  with  a  recording  pyrometer,  as  shown  in 
Fie.  7. 


4 — nORlNG   AND    l-.'\CI.\i 


BKARINC;    SHELL 


moving  the  shell  from  the  chuck,  which  insures  ac- 
curacy of  these  operations.  Another  workman,  by 
means  of  an  air-operated  chi.sel  chips  the  oil  grooves  in 
the  casting,  as  shown  in  Fig.  5. 

The  shells  are  then  carefully  tinned  and  placed  in  a 
babbitting  fixture.  Fig.  6,  and  lined  with  a  good  grade  of 
hard  babbitt  metal  poured  at  a  temperature  of  from  460 
to  470  degrees  C,  which  has  been  found  experiment- 


Fitted   with   automatic  temperature   control   and 
indicating  pyrometers. 

After  babbitting,  the  bearings  are  placed  on  a  spe- 
cial  expansion    chuck   on    an   engine   lathe   and    rough 


*For  more  detailed  information  regarding  the  habhittbie 
of  railway  motor  bearings,  sec  "Railway  Operating  Data"  in 
the  Journal  for  Oct.  igi6. 
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turned,  Fig.  8,  which  insures  the  outside  of  the  bearings 
being  concentric  with  the  babbitt  Hning.  The  excess 
babbitt  in  the  bearing  window  which  is  filled  in  to  make 
a  more  accurate  and  uniform  job  of  pouring  is  then 
wiped  out  by  means  of  a  bar  of  iron  heated  to  a  red 
heat,  as  shown  in  Fig.  ().      In  the  case  of  beariivs  with  a 


Fir..     10 — I!RO,\CHIN(;    T)IK    liE.\RING    TO    FIN.AL    SIZE    IN     .\ 
)IV1)K.\ULIC    PRESS 

heavier  lining  of  babbitt,  the  windows  are  cast  open 
and  only  the  excess  babbitt  at  the  edges  must  be  re- 
moved. 

To  broach   the  babbitt   lining,  the  bearing  shell   \i 


FIG.    13 — I'ROFILI.VG   THE    KEY    WAY 

With  an  end  miller  in  a  vertical  milling  machine. 
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placed  in  a  massive  clamp  to  prevent  expansion  of  the 
shell.  A  long  hardened  steel  broach  having  eleven  cut- 
ting edges  ground  without  clearance,  and  each  succes- 
sive edge  0.002  in.  larger,  is  forced  through  the 
babbitted  bearing  by  means  of  hydraulic  pressure. 
This  operation,  Fig.  lo,  produces  a  compact  homogen- 


FIG.    14 — CHIPPING    THE    OIL    GROOVES    IN    THE    nABHIlT 

eous  smooth  bearing  surface,  which  will  give  long  life 
and  the  least  possible  wear,  when  properly  lubricated. 
Bearings  of  this  size  are  broached  to  the  journal  size 
plus  0.006  to  0.008  in. 

The  sides  of  the  windows  are  then  chamfered, 
after  being  secured  in  a  special  fixture  on  the  base  plate 
of  a  vertical  milling  machine.  This  chamfer,  Fig.  11, 
permits  the  oil,  which  is  carried  u|>  tn  the  joiinial  troni 


ing  shell  by  means  of  an  end  profile  cutter,  Fig.  13,  after 
which  the  oil  grooves  are  cut  in  the  babbitt  and  the 
bearing  is  given  the  final  finish  as  shown  in  Fig.  14. 

The  finished  bearings  are  then  turned  over  to  the 
inspection  department,  where  each  bearing  is  carefully 
inspected  for  flaws  and  defects,  and  the  bore  checked 


FIG.    15 — FIN.M     I- 


I  HE    FINISHED    BEARING 


by  means  of  a  standard  plug  gauge,  to  insure  the  proper 
fit  on  the  journal.  The  outside  of  the  shell  is  measured 
by  means  of  a  micrometer.  Fig.  15,  to  guarantee  the 
correct  press  fit  of  the  bearing  into  the  housing.  I  f  the 
bearings  meet  the  rigid  inspection  requirements,  ihey 
are  passed. 

BEARINGS    WITH   AN    ENVIABLE    RECORD 

To  demonstrate  that  bearings  ina<le  \<\   the  above 


FIG.    16 — BRONZE      SHELL,      BABBIIT      LINED 

BEARING   TAKEN    FROM    A    DOUBLE    MOTOR 

EQUIPMENT    WITH     MAXIMUM    TRACTION 

TRUCKS    FOR    CITY    SERVICE 

Weight  of  car,  34300  pounds.  Gear 
ratio  16:73,  33  inch  wheels.  Total 
mileage — 200000.  Equivalent  to  1 1.6 
times  aiouiui  the  world.  Revolutions 
of  the  armature  808632000.  Ma.ximum 
pinion  end  bearing  wear  0062  inch. 
Ma.ximum  commutator  end  bearing  wear 
0.006  inch.  .iVctual  time  in  service — 7 
years. 


FIG.    17 — BRONZE      SHELL,      BABBITT      LINED 

HEARING,   TAKEN    FROM    HIGH-SPEED, 

INTERURBAN   LIMITED   SERVICE 

Weight  of  car,  76600  pounds.  Quad- 
ruple equipment.  Gear  ratio  24:53,  36 
inch  wheels.  Total  mileage — 244000. 
Equivalent  to  9.76  times  around  the 
world.  Revolutions  of  the  armature 
301  861  000.  Maximum  pinion  end  bear- 
ing wear  0.028  inch.  Maximum  commu- 
tator end  bearing  wear  0.037  inch. 
Actual  time  in  service — 2.5  years. 


FIG.    18 — MALLEABLE    IRON    SHELL,   BABBITT 
LINED  BEARING 

City  service — some  trailer  service. 
Weight  of  car  25  000  pounds.  Double 
equipment.  Gear  ratio  15 :69,  33  inch 
wheels.  Total  mileage — 374941.  Equiva- 
lent to  14.09  times  around  the  world. 
Revolutions  of  the  armature  I  054  074  000. 
Maximum  pinion  end  bearing  wear  0.075 
inch.  Maximum  commutator  end  bear- 
ing wear  0.025  inch.  .Actual  time  in 
son-ice  7.5  years. 


the  oil  well  by  the  capillary  action  of  the  waste,  to  enter 
readily  into  the  bearing  surface  of  die  journal.  The 
bearing  is  then  placed  in  a  special  expansion  chuck  on 
an  engine  lathe,  and  the  outside  of  shell  is  given  its  final 
finishing  cut,  which  is  concentric  with  the  broached 
inner  surface  Fig.  12.     The  keyway  is  cut  in  the  bear- 


melhods  are  dependable  and  will  stand  up  in  service, 
the  history  of  several  pairs  of  bearings  taken  from  ser- 
vice for  an  inspection  is  given  in  Figs.  16,  17  and  18. 
.'Ml  of  these  bearings  were  giving  .satisfactory  service 
when  removed  for  inspection. 
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N.   H.  Callard,  Jr. 
Railway  Department, 
Westinghouse  Electric  &  Mfg.  Company 


THE  STREET  car  riding  public  want  quick  transit 
from  place  to  place  with  cars  available  when  de- 
sired. Street  railways  wish  to  sell  their  product 
— transportation — and  thus  produce  revenue  to  cover 
usual  operating  costs,  to  offset  the  increased  cost  of 
production,  due  to  increases  in  material  and  labor  and 
to  secure  such  a  return  on  the  investment  as  will  at- 
tract capital  to  the  street  railway  industry. 

It  may  seem  paradoxical  that  both  of  these  desires 
can  be  obtained  by  the  use  of  the  one-man  safety  car, 
but  that  this  is  the  case  has  been  definitely  proven  en  a 
large  number  of  properties  in  cities  of  various  sizes 
from  the  Atlantic  to  the  Pacific.  The  "safety  car"  per- 
mits increased  service  without  increasing  the  cost  of  op- 
eration. 

About  four  years  ago,  the  Stone  &  Webster  Cor- 
poration discovered  that  rising  costs  and  jitney  bus 
competition  were  playing  havoc  with  the  net  earnings 
of  their  properties  in  the  South  and  West.  A  careful 
investigation  was  made  and  the  solution  resolved  itself 
into  more  service  and  faster  schedules.  However,  the 
heavy  weight  of  the  old  equipments  and  the  cost  of  plat- 
form labor  made  the  cost  of  the  increased  service  more 
than  the  increased  revenue.  This  necessitated  an  at- 
tempt to  cut  down  the  cost  of  operation  and  thus  the 
light  weight  Birney  safety  car  was  developed  through 
co-operation  of  the  Stone  &  Webster  engineers,  the  car 
builders,  electrical  and  air  brake  manufacturers.  The 
success  of  the  car  is  fully  expressed  in  the  remarks  of 
Mr.  H.  G.  Bradlee*  of  the  Stone  &  Webster  Corpora- 
tion, that  in  Houston,  Texas,  "the  increase  in  car  mile- 
age has  been  68.8  percent  and  the  increased  receipts 
41.2  percent;  and  in  Seattle  on  two  lines  the  in- 
crease in  car-miles  on  one  line  has  been  21.4  percent  and 
the  increase  in  receipts  29.5  percent ;  on  the  other  line 
the  increase  in  car  mileage  has  been  29  percent  and  the 
increase  in  receipts  49  percent." 

Although  their  operation  was  eminently  successful, 
there  was  considerable  apathy  on  the  part  of  the  various 
operating  companies,  due,  no  doubt,  to  the  feeling  that 
local  conditions  in  their  own  cities  or  towns  prevented 
the  use  of  the  standardized  car.  As  city  after  city  in 
the  East  and  Middle  West  adopted  these  cars,  it  was 
found  that  there  is  not  a  street  lailway  property  in  the 
United  States  that  cannot  profitably  employ  them  some- 
where on  their  systems. 

It  is  interesting  to  note  that  in  1916,  eight  percent 
of  all  city  surface  cars  purchased  were  safety  cars;  in 
1917,  twenty  percent,  and  in  1918,  forty  percent.  In 
addition  to  these  new  cars,  safety  devices  have  been 
added  to  a  number  of  older  cars  so  that  the  percentage 


of  cars  with  safety  devices  going  into  service  each  year 
has  been  still  higher. 

The  standardized  car  seats  32  passengers  when  ar- 
ranged for  double-end  operation,  and  35  passengers 
when  arranged  for  single-end  operation.  The  safety 
features,  which  are  inherent  in  the  car  design,  provide 
for  every  emergency  in  connection  with  the  operation 
of  the  car. 

I — The  car  cannot  be  moved  or  tlie  brakes  released  un- 
til the  door  is  closed. 

2 — The  door  cannot  be  opened  until  the  brakes  are  ap- 
plied and  the  controller  moved  to  the  "off"  position. 

3 — The  controller  is  equipped  with  a  device  which  re- 
quires  a  conscious   effort   on   the   part  of   the  operator   to 
perform  his  various  functions  properly. 
A  single  truck  is  used  with  an  8  to  8.5  foot  wheel 
base,  with  24  or  26  inch  wheels.     Two  25  horse-power, 
600-volt   motors   are   standard   equipment   on   the   car. 
The     double-end     car     weighs     approximately     14000 


•Printed  in  AERA.  Nov.  1918. 


FIG.    I — SAFETY    CAR    ON    THE    LINES    OF    THE    NORTHERN    CAROLINA 
PUBLIC    SERVICE   COMPANY,   GREENSBORO,    N.    C. 

pounds  complete  without  load,  whereas  the  single-end 
car  weighs  approximately  13  500  pounds. 

In  considering  the  merits  and  economies  of  the 
safety  car,  it  must  be  emphasized  that  proper  design  is 
of  prime  importance.  It  is  useless  to  expect  that  satis- 
factory results  can  be  obtained  by  closing  the  rear-end 
of  an  old  style  car  and  taking  off  the  conductor. 

The  cars  are  of  all-steel  construction,  measuring  2j 
feet  9.5  inches  over  bumpers,  and  7  feet  10  inches  in 
width,  with  continuous  steel  T-posts,  arched  roof,  steei 
sides  with  windows  arranged  for  raising,  etc.  The 
bodies  are  built  in  one  standard  form  and  size.  The 
original  cars  weighed  complete  13  000  pounds,  but  with 
the  addition  of  grab-rails  at  certain  points,  the  use  of  a 
little  heavier  side  sheeting,  and  other  minor  points,  the 
weight  has  been  increased  to  approximately  14  000 
pounds. 

Many  features  are  embodied  in  the  design  of  the 
car  to  provide  comfort  for  the  operator  and  the  passen- 
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ger,  and  to  promote  safe  and  efficient  operation.  The 
small  capacity  of  the  car  and  the  fact  that  it  is  operated 
by  one  man  does  away  with  the  need  of  a  large  loading 
platform  which,  in  the  past,  has  invited  the  rider  to 
linger  and  thus  block  the  passageway  to  the  inside  of  the 
car.  With  the  safety  car,  passengers  are  first  let  off 
the  car  before  any  get  on.  Very  little  confusion  results 
for  it  is  only  under  exceptional  circumstances  that  many 
jiassengers  get  off  and  on  at  the  same  point.  In  the 
mornings  the  traffic  is  toward  town,  and  at  night  away 
from  town.  In  Kansas  City,  during  the  rush-hour 
period,  at  less  than  25  percent  of  the  stops  did  passen 
gers  get  on  and  off  at  the  same  point. 

The  car  riders  attempt  to  have  the  exact  fare  ready 
(the  percentage  runs  about  85  percent),  for  they  know 
that  they  are  holding  up  the  entire  car  by  presenting 
large  pieces  of  money  to  the  conductor  to  change. 

The  car  operator  is  provided  with  an  adjustable 
stool  and,  on  account  of  the  closeness  of  the  car  body 
to  the  track,  he  can  sit  down  to  his  work,  and  still  have 
a  good  vision  of  the  entire  track  ahead  of  him.  The 
fare  box  is  on  his  right,  hung  on  brackets  attached  to  a 
stanchion  in  the  center  of  the  platform.  This  stanchion 
is  arranged  to  revolve  so  that  the  fare-box  may  be 
swung  to  the  side  to  permit  the  operator  to  pass  easily. 
The  register  is  operated  by  foot  and,  in  some  cases,  by 
an  air  valve. 

The  controller  and  brake  valve  are  on  the  left  side 
of  the  platform,  so  as  to  allow  as  much  space  as  possible 
for  the  entrance  and  exit  of  passengers.  The  door  is 
30  inches  wide — sufficient  to  permit  passengers  to  pass 
in  and  out  in  single  file. 

Cross  seats  are  used  throughout  on  the  cars,  with 
grab  handles  on  the  seats,  which  eliminate  the  unsightly 
hanging  straps.  The  car  is  well  lighted,  giving  a  bright, 
inviting  appearance. 

SAFETY    FEATURES 

The  safety  features  incorporated  in  the  design  of 
the  one-man  safety  car  make  it  possible  to  handle  heavy 
traffic  with  a  fast  schedule  and  with  a  minimum  of 
fatigue  to  the  operator.  The  real  function  of  the  car 
operator  is  to  sell  rides  to  the  public.  If  he  is  tired,  the 
inclination  is  very  strong  to  pass  up  single  passengers  at 
various  points  on  the  line.  Withthe'  door  opening  de- 
vices used,  no  physical  effort  is  required  to  make  the 
stop,  and  additional  fares  are  obtained  for  the  company. 

From  the  standpoint  of  safety,  these  features  are 
of  prime  importance  for  two  reasons: — First,  they 
actually  prevent  accidents;  and  secondly,  when  an  acci- 
dent does  occur,  the  public  and  the  railway  company 
know  that  everything  humanly  possible  has  been  done 
to  prevent  the  occurrence  of  the  accident. 

When  air  brakes  are  added  to  a  car,  the  first  step 
lias  been  taken  toward  higher  schedule  speeds,  towards 
safety  and  towards  lessening  the  duties  of  the  operator. 
If  air-operated  doors  and  steps  are  added,  a  second  big 
step  has  been  made  to  reduce  standing  time,  permit  of 
better  fare  collection,  and  to  diminish  the  possibility  of 


customers  being  passed  up.  Finally,  if  the  entire  op- 
eration of  the  car  is  interlocked  together,  the  highest 
degree  of  operating  efficiency  is  reached ;  the  maximum 
safety  in  operation  is  approached ;  and  the  car  operator 
can  give  the  maximum  of  his  attention  to  the  track 
ahead  of  him  and  to  his  passengers,  and  a  minimum  of 
time  to  the  mechanical  operation  of  the  car. 

Eac  h  of  these  refinements  costs  money  when 
viewed  from  the  standpoint  of  first  cost  only,  but  when 
the  economies  of  faster  schedules,  alertness  on  the  part 
of  the  operator  and  other  factors  are  considered,  the 
first  cost  is  negligible. 

From  the  accident  standpoint,  the  safety  features 
constitute  good  accident  insurance,  and  the  cost  of  the 
appliances  is  merely  the  premium.  Some  operators 
have  argued  that  since  no  accidents  have  occurred  on 
their  older  cars,  which  were  not  equipped  with  safety' 
devices,  they  are  not  needed.  This  is  a  fatal  line  of 
reasoning,  for  accidents  are  bound  to  occur  eventually ; 


in,.    J       -  \1  !    1 -,       I    \\!     (IN     THK     LINES     Hi'      THE     VIK(,I  NI.V      R.MLWAY 
.\Mp   I'OWER   COMPANY,   PETERSBURG,   V.\. 

and  the  results  may  be  as  disastrous  as  with  the  big 
factoiy  that  refuses  to  install  fire  fighting  equipment 
because  it  has  never  had  a  fire. 

THE  PUBLIC 

The  American  Electric  Railway  Association  re- 
cently sent  a  questionaire  to  all  railway  properties  op- 
erating one-man  cars,  asking  them  as  to  the  attitude  of 
the  public  on  the  inauguration  of  this  type  of  service. 
The  return  indicated  that  the  public  attitude  towards 
the  move  was  friendly  in  all  but  fourteen  cases  out  of 
the  eighty-six  companies  reporting.  The  feeling  against 
the  car  in  the  case  of  the  fourteen  companies  has  been 
changed  to  a  friendly  one,  after  a  fair  trial  of  the  car, 
in  all  but  three  CAses.  The  public  is  primarily  inter- 
ested in  moving  from  one  point  in  a  city  to  another  as 
safely  and  as  rapidly  as  possible.  Mr.  Phillip  J.  Kealy*, 
President  of  the  Kansas  City  Railways  Company,  stated 
that  the  "average  rider  is  not  so  much  concerned  with 


*In  a    paper    before    the    Missouri    Association    of    Public 
Utilities  at  Excelsior  Springs,  Missouri. 
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the  size  of  the  unit  in  which  he  rides,  the  type  of  mo- 
tors, or  the  kind  of  seat,  or  whether  it  is  operated  by 
one  or  two  men,  so  long  as  he  is  taken  to  his  destination 
quickly,  safely,  and  at  least  with  sufficient  comfort  to 
keep  him  from  being  uncomfortable.  He  would  much 
rather  ride  the  safety  car  which  reaches  his  corner 
about  the  same  time  he  does,  than  the  large  unit  which 
does  not  get  there  for  five,  ten  or  fifteen  minutes. 
Therefore,  from  the  rider's  standpoint,  the  safety  car 
gives  him  a  faster  service,  a  shorter  headway  and  a 
maximum  crowding  limit.  These  advantages  very  ma- 
terially outweigh  in  his  mind  any  ideas  which  he  may 
entertain  as  to  the  comparative  difference  between  the 
two  classes  of  equipment." 

LABOR  SITUATION 

A  great  deal  of  agitation  has  arisen  from  labor 
leaders  over  the  advent  of  the  one-man  car,  but  in  state 
after  state  these  controversies  have  been  settled  to  the 
interest  of  all  parties  concerned.  If  the  safety  car  is 
applied  with  the  sole  idea  of  reducing  platform  expense, 
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it  is  obvious  that  labor  troubles  will  develop  and  that 
public  opinion  will  be  against  the  company.  However, 
if  safety  cars  are  applied  to  accomplish  their  w-A  pur- 
pose— increasing  service — an  increased  number  of  cars 
are  required,  so  that  actually  the  number  of  operators  is 
not  materially  reduced.  Furthermore,  the  increased 
rate  of  pay,  which  a  one-man  car  operator  receives, 
permits  him  to  make  more  money  than  was  possible 
with  the  two-man  cars. 

(Opposition  to  the  safety  car  from  the  viewpoint  oi 
reducing  the  number  of  men  employed  is  the  viewpoint 
of  th;  middle  ages.  The  rapid  progress  and  develop- 
ment of  our  country  are  due  largely  to  the  introduction 
of  labor  saving  machinery  of  all  kinds.  Labor  has 
prospered  under  these  conditions.  It  is  obviously  an 
economic  error  in  judgment  to  iuipose  high  expense  for 
transportation  on  all  other  workers  who  use  the  street 
cars,  merely  to  carry  an  extra  employe  on  each  street 
car  when  he  is  unnecessary. 

trainmen's  wages 
In  their  reports  to  the  American  Electric  Railway 
Association,  44  companies  advanced  the  pay  per  hour 
of  their  safety  car  operators,  while  25  did  not.     The  in- 


creased rates  varied  from  2  to  10  cents  extra  per  hour, 
and  in  two  or  three  cases  the  increase  was  somewhat 
higher.  The  customary  reasonable  increase  is  approxi- 
mately 10  percent. 

Inasmuch  as  the  successful  operation  of  the  car 
depends  upon  the  enthusiastic  co-operation  of  the  car 
operator,  he  is  entitled  to  share  in  some  of  the  increased 
revenue  which  the  safety  car  makes  possible.  Further- 
more, the  increased  rate  of  pay  attracts  a  higher  class  of 
operators,  and  gives  the  company  a  man  who  is  more 
capable  of  looking  atier  the  interests  of  both  the  riders 
and  the  company. 

JITNEY  BUS  COMPETITION 

The  light-weight,  quick-service  car  was  first  de- 
veloped to  combat  the  jitney  bus.  Jitneys  came  mto 
prominence  and  thrived  because  they  moved  faster  and 
because  they  were  waiting  at  the  corner  when  they  were 
wanted.  When  this  same  service  was  given  by  the  car 
companies,  with  a  comfortable  vehicle,  protected  from 
the  weather,  insuring  a  safe  ride,  the  jitneys  naturally 
diminished  to  a  very  great  extent.  On  the  Woodland- 
LaBranch  Line  of  the  Houston  Electric  Railways  Com- 
pany, over  twenty  jitneys  operated.  Six  days'  opera- 
tion of  the  one-man  safety  car  with  the  decreased  head- 
ways, drove  them  all  off  the  line. 

ACCIDENTS 

/Vfter  eight  months  of  safety  car  operation  in 
Dallas,  Texas,  it  was  found  that  but  1.5  accidents  foi" 
every  1000  miles  of  operation  occurred.  During  this 
eight-month  period,  the  twelve  safety  cars  traveled 
j(:)8o()4  miles.  During  the  same  period,  other  type'',  of 
cars  operated  in  Dallas  covered  4544123  miles,  and 
reported  2357  accidents  or  an  avei^age  of  1.92  for  1000 
miles  of  operation.  At  the  same  time,  the  one-man 
cars  maintained  higher  schedules  than  other  types  of 
cars  in  Dallas. 

The  safety  car  has  a  marked  effect  upon  boarding 
and  alighting  accidents.  This  result  is  logical,  for  the 
door  and  steps  are  under  the  direct  vision  of  the  oper- 
ator at  all  times,  and  the  safety  features  of  the  car  are 
such  that  it  cannot  be  started  until  the  door  is  closed ; 
and  if  the  door  is  opened  while  the  car  is  in  motion,  the 
brakes  are  applied.  On  a  number  of  large  properties, 
such  as  the  Puget  Sound  Traction  Light  &  Power  Com- 
pany, boarding  and  alighting  accidents  have  been  elimi- 
nated entirely. 

In  a  report  of  accidents  for  the  year  1918,  a  large 
Eastern  operating  company  showed  that  out  of  $355  711 
paid  out  in  accidents,  $23  128  or  12  percent  were  for 
boarding  and  alighting  accidents.  Persons  hurt  in  this 
manner  on  this  property  numbered  1328.  These  figures 
clearly  show  the  possibilities  resulting  from  the  elimina- 
tion of  this  type  of  accident. 

MAINTENANCE 

It  is  difficult  to  State  the  maintenance  on  equip- 
ments after  one  or  two  years  of  operation.  However, 
master  mechanics  on  different  properties,  by  a  method 
of  comparison,  have  established  estimates  on  wdiat  the 
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maintenance  per  car-mile  of  the  safety  car  should  be. 
These  estimates  run  from  i  to  1.5c  per  car-mile  and  in- 
clude the  overall  maintenance  of  the  car  body,  trucks, 
motors,  controllers,  etc. 

No  definite  figures  in  the  saving  of  track  and  road 
bed  can  be  obtained  for  some  years.  However,  there 
heave  been  calculated  certain  savings,  such  as  one  given 
bv  Mr.  T.  C.  Roderick  of  the  Tri-City  Railways  Com- 
pany before  the  Iowa  Electric  Railway  Association,  who 
said — "A  reasonable  method  would  seem  to  be  a  com- 
parison of  axle  tonnage  of  each  type  of  car  over  the 
track,  though  the  hammer  blow  of  a  heavier  car  would 
be  more  severe  in  direct  proportion  to  its  weight.  The 
tonnage  per  axle  of  the  present  car  is  five  tons,  for  the 
safety  car  three  and  one-half  tons,  while  the  number  of 
axles  per  car  is  two  to  one.  If  50  percent  more  safety 
cars  were  used  than  of  the  present  equipment,  the  per- 
centage of  axle  tonnage  would  be  52.5  percent,  and  al- 
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PIG.    4 — SCHEDULE  SPEEDS  OBTAINABLE  WITH   A   SAFETY  CAK 

lowing  7.5  percent  for  extra  cars  of  the  present  type, 
the  tonnage  over  the  track  would  be  60  percent  of  the 
tonnage  of  the  present  cars.  Applying  this  percentage 
to  the  present  cost  of  maintenance  of  way  and  struc- 
tures would  give  us  for  the  safety  car — 60  percent  of 
0.0208  or  $0.0125." 

LOAD  CAPACITY 

The  maximum  standing  load  in  the  car  should  not 
exceed  25  to  28  passengers  for  efficient  operation. 
Actually  in  emergency  45  to  60  passengers  standing 
have  been  carried.  In  Kansas  City,  60  passengers 
(seated  and  standing)  have  been  adopted  as  a  maximum 
load  and  when  this  capacity  is  reached,  a  "car  full"  sign 
is  displayed.  Therefore,  a  passenger  knows  beforehand 
what  will  be  the  maximum  crowd  limit,  and  that  after 
the  car  has  been  filled,  it  will  not  stop  to  squeeze  in  a 
few  more  people,  greatly  to  his  discomfort. 


DEPRECIATION 

A  large  company  operating  several  hundred  safety 
cars  in  various  parts  of  the  United  States,  a  large  num- 
ber of  which  have  been  in  operation  for  over  three 
years,  has  carefully  investigated  the  matter  of  deprecia- 
tion, and  estimates  that  with  proper  maintenance,  the 
safety  car  should  have  a  life  of  at  least  twenty  years; 
and  is,  therefore,  using  a  depreciation  charge  of  five 
percent  per  year. 

GRADE  CROSSINGS 

The  division  of  responsibility  between  conductor  and 
motorman  at  grade  crossings  has  always  been  con- 
sidered a  grave  hazard.  The  conductor  will  frequently 
motion  the  motorman  to  go  ahead  without  looking  one 
way  or  another  on  the  track.  The  motorman,  however, 
depends  absolutely  upon  the  conductor's  signal  and  does 
not  keep  on  the  look-out  for  a  train  himself.  The  Police 
Department  of  a  middle  western  city  made  an  investi- 
gation on  this  point  and  out  of  312  cases  found  that  in 

10  percent — the  conductor  looked  both  ways. 

60  percent — the  conductor  looked  one  way. 

21  percent — the  conductor  looked  neither  way. 
Inefficient  piotection  is  far  worse  than  no  protec- 


FIG.    5 — EFFECT    OF    INCREASED    VOLTAGE    ON    SCHEDULE    SPEEDS 

tion  at  all,  and  the  single  responsibility  of  the  safety  car 
operator  to  take  his  car  across  a  grade  crossing  quickly 
and  safely,  actually  affords  greater  protection  to  the 
public  than  when  the  car  is  flagged  across  by  another 
person. 

The  Public  Service  Commission  of  the  State  of 
Massachusetts  permits  the  operation  of  tlie  one-man 
safety  cars  over  steam  railroad  crossings  provided  the 
car  is  brought  to  a  stop  100  feet  from  the  crossing, 
again  at  the  crossing,  the  brakes  set,  the  reverse  handle 
removed  from  the  controller  and  the  operator  going 
ahead  to  insure  himself  that  it  is  safe  to  cross. 

SNOW  CONDITIONS 

The  safety  cars,  in  the  snowy  parts  of  the  country, 
should  be  equipped  with  26-inch  wheels,  and  lined  be- 
low the  windows.  In  New  England  many  of  the  cars 
have  been  equipped  with  scrapers.  There  is  nothing  in 
the  design  of  the  safety  car  which  should  make  it  oper- 
ate less  efficiently  under  snow  conditions  than  other 
types  of  light-weight  modern  equipment.  Cars  that  are 
designed    and   built   to   meet   conditions   prevailing   for 
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nine  months  in  the  year,  when  there  is  no  snow  on  the 
tracks,  are  poor  snow  fighters.  The  only  safe  and  sure 
way  to  keep  a  road  open  under  snow  conditions  is  to 
provide  the  proper  snow  fighting  equipment. 

ENGINEERING   AND   APPLICATION    DATA 

Schedule  Speeds — In  Fig.  4  is  given  data  on  the 
schedule  speeds  possible  with  the  safety  car,  having 
stops  of  8,  10,  12  and  14  seconds'  duration  with  varioU's 
numbers  of  stops  per  mile.  During  the  initial  opera- 
tion of  safety  cars,  it  has  been  found  best  not  to  at- 
tempt operation  at  too  high  a  schedule  speed.  After 
the  operators  and  the  public  are  thoroughly  fam-liar 
with  the  car,  it  may  then  be  possible  to  boost  the 
schedule  speeds. 

Length  of  Stop — Seven  seconds  has  been  found  to 
be  a  fair  average  length  of  stop  in  city  service.  With 
the  one-man  operated  safety  car,  this  average  has  been 
taken  at  ten  seconds  for  purposes  of  comparison  where 
headways  have  been  reduced  with  these  cars.  This  is 
conservative,  for  when  people  be;ome  ac- 
customed to  the  method  of  operation  of 
the  safety  car,  the  Isngth  of  stop  does  not 
differ  materially  from  that  where  doors 
were  closed  before  the  car  started.  In 
some  recent  tests  in  Kansas  City,  during 
the  rush  hour  period,  the  average  length 
of  stop  with  two  different  operators  was 
slightly  over  eight  seconds,  and  the  car 
had  a  load  of  sixty  passengers  during  each 
test. 

Stops  per  Mile — The  operation  of  an 
increased  number  of  cars,  which  is  the 
usual  practice  with  the  safety  car,  will  tend 
to  decrease  the  number  of  stops  per  mile. 
While  general  figures  can  be  given  as  to  the 
number  of  stops  per  mile,  it  is  easier  to 
make  an  actual  service  investigation  on 
each  line  and  actually  find  out  the  number 
of  stops,  and  the  number  of  slow-downs 
Two  slow-downs  are  usually  equivalent  to 
a  stop. 

Voltage  Variation — Voltage  variation  bears  an  im- 
portant part  in  keeping  cars  on  time.  The  small  cur- 
rent taken  by  the  safety  car  improves  the  voltage  regu- 
lation to  a  very  remarkable  degree.  Fig.  5  shows  the 
voltage  variations  for  use  in  connection  with  the  curves 
on  schedule  speeds,  in  order  to  determine  what 
schedules  can  be  made  at  voltages  above  500  volts. 

Acceleration  and  Braking — The  limiting  feature  of 
acceleration  and  braking  is  usually  the  comfort  of  the 
passenger.  High  rates  can  be  used  providing  the  ac- 
celeration and  the  braking  are  uniform.  The  starting 
resistance  of  the  safety  car  is  carefully  designed  to  ac- 
complish this  and  acceleration  rates  of  2.5  miles  per 
hour  per  second  can  be  obtained  without  discomfort. 
The  proper  manipulation  of  brakes  will  give  like  results 
with  high  rates  of  braking.  Even  an  emergency  appli- 
cation on  the  safety  car  gives  a  smooth  stop  without 
excessive  jar. 


The  attractive  '"get  up  and  go"  quality  of  the  car, 
the  saving  in  energy,  and  the  increased  schedule  speed 
of  the  car  are  all  dependent  upon  these  high  accelerat- 
ing and  braking  rates;  and  operators  must  be  taught 
from  the  first  to  take  full  advantage  of  these  essential 
features.  A  comparison  between  acceleration  and  brak- 
ing rates  of  1.25  and  2  mi.  per  hr.  per  sec.  is  given  in 
Fig.  6.  The  area  enclosed  in  a  speed-time  curve  is  a 
measure  of  the  distance  traveled  by  the  car.  In  these 
curves  the  areas  are  identical,  but  due  to  the  more  rapid 
acceleration  and  braking  one  car  can  make  the  run  in 
five  seconds  less  time. 

Pozvcr  Consumption — Aside  from  the  cost  of  labor, 
power  consumption  is,  today,  a  vital  factor  in  the  cost 
of  operation  for,  with  the  high  price  of  coal  and  labor, 
the  cost  of  power  has  almost  doubled  during  the  past 
three  or  four  years. 

In  addition  to  the  actual  cost  of  power,  there  is  also 
the  question  of  the   inadequacy  of  the  present  powe  • 
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FIG.   6 — EFFECT    OF    INCREASED    ACCELERATING    AND    BR.^KING    RATES 


supply  due  to  increased  service  required  by  rapidly 
growing  communities  and  other  conditions.  The  de 
creased  power  consumption  of  the  light-weight  car  no 
only  saves  in  the  cost  of  power,  but  also  reduces  the 
investment  necessary  to  produce  it.  Mr.  H.  G.  Bradlee 
in  his  article  previously  quoted,  makes  the  following 
statement: —  "With  these  schedules,  as  we  have  them 
here,  we  estimate  a  saving  of  30  percent  in  power  sta 
tion  capacity ;  in  other  words,  we  are  giving  increased 
service,  and  we  have  only  70  percent  of  the  peak  load 
v^'e  had  before,  with  less  number  of  heavy  cars ;  or  hav- 
ing increased  the  number  of  cars,  it  is  still  possible  for 
us  to  increase  our  service  some  30  percent  more  before 
we  get  back  to  the  load  on  our  power  station,  which 
we  had  in  the  first  place.  So  there  is  quite  a  material 
saving  in  power  station  capacity  and  transmission  sys- 
tem cost,  which  you  can  credit  against  any  general 
change  of  this  sort. 
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The  power  consumption  is  dep«;ndent  upo;i  tlu- 
weight  of  car,  efficiency  of  the  equipment,  efficiency  of 
the  operator,  the  profile  of  the  fine,  the  number  and 
duration  of  stops,  and  the  speed.  Consequently  no 
general  statement  can  be  made  as  to  the  actual  power 
requirements  of  the  safety  car.  However,  if  the  pres- 
ent equipment  weighs,  without  load,  about  fourteen 
tons  and  a  safety  car  weighing  seven  tons  is  put  on  the 
same  service,  the  power  consumption  of  the  lighter  car 
would  be  only  slightly  more  than  one-half  that  of  the 
larger  car.  If  the  14  ton  car  has  four  motors,  then  the 
safety  car  may  actually  have  less  than  one-half  of  the 
power  consumption  of  the  heavier  equipment.  In  the 
reports  to  the  American  Electric  Railway  Association, 
the  reduction  in  power  consumption  where  the  safety 
car  has  been  used  has  averaged  50.2  percent. 

Instruction  of  Car  Operators — The  success  of  the 
one-man  safety  car  depends  upon  the  success  of  the 
car  operator.  This  condition  makes  it  imperative  that 
the  operator  be  enthusiastic  over  the  car  and  thorou'^jhly 
familiar  with  its  operation  a-nd  the  various  duties  re- 
quired of  him.  A  number  of  dififerent  methods  have 
been  used  to  instruct  operators  in  the  proper  operation 
of  the  car,  and  the  method  used  by  the  Houston  Electric 
Company  is  of  interest. 

Before  the  first  of  the  cars  had  been  received,  si.x 
men  were  sent  to  Eort  Worth,  Texas,  to  the  Northern 
Texas  Traction  Company,  where  safety  cars  had  been  in 
operation  for  some  time,  to  study  the  car  in  actual  oper- 
ation, so  that  they  might  become  instructors  of  the  men 
who  were  to  operate  them  in  Houston.  This  party  was 
made  up  of  the  assistant  superintendent,  chief  inspec- 
tor, chief  instructor,  coasting  supervisor  and  two  in- 
spectors. 

When  the  cars  were  received,  about  thirty  picked 
men  were  selected  for  instruction  in  their  operation. 
With  the  assistant  superintendent  and  others  of  the 
party,  who  had  studied  the  situation  at  Fort  Worth,  as 
instructors,  these  men  were  trained  for  two  weeks  in 
the  operation  of  the  car,  without  passengers. 

After  the  mechanical  operation  of  the  car  had  beeii 
mastered  and  their  preliminary  instructions  had  been 
completed,  some  of  the  cars  were  placed  in  service  on  a 
shuttle  line,  so  that  the  operators  could  get  experience 
in  handling  passengers  on  a  line  where  traffic  was  light. 
They  were  kept  on  these  light  passenger  lines  for  a 
week  or  ten  days,  depending  upon  their  aptness  in 
familiarizing  themselves  with  the  fundamental  differ- 
ences between  the  two-man  and  one-man  car  operation. 
The  trainman  on  the  safety  car  is  known  as  an  "oper- 
ator" and  not  as  a  conductor  or  n  otorman.  Instead  of 
wearing  the  customary  badge  and  number,  he  is 
equipped  wiib  a  cap  bearing  in  gold  letters  the  word 
"Operator."  In  a  frame  inside  the  bulkhead,  where  it 
is  in  plain  view  of  the  passenger,  is  a  plate  bearing  the 


name  of  the  operator  for  identification  purposes.  The 
object  of  this  is  to  give  the  men  a  personal  pride  a:ul 
identification  in  their  work. 

The  duties  of  the  car  operator  are  more  comrle.s. 
than  those  of  a  motorman  or  a  conductor,  but  they  are 
more  interesting.  The  operator  seems  to  feel  a  certain 
amount  of  pride  in  his  being  in  sole  charge  of  the  car. 
There  is  no  one  else  to  share  the  praise  for  good  opera- 
tion or  the  blame  for  poor.  The  ex-motormen  appreci- 
ate the  saving  of  time  they  make  in  stops,  because  they 
do  not  have  to  wait  for  a  conductor  who  is  slow  in  giv- 
ing them  the  bell,  and  there  are  no  signals  to  misunder- 
stand. They  also  like  the  coming  in  direct  contact  with 
the  passengers.  One  of  the  reasons  for  both  former 
motormen  and  conductors  liking  the  safety  car  is  the 
fact  that  they  are  kept  in  a  more  alert  state.  A  day 
passes  far  more  pleasantly  and  quickly  for  the  man  w  h.> 
is  comfortably  busy  all  of  the  time  than  for  the  one  w  ho- 
is busy  for  thirty  seconds  out  of  each  minute  and  is  in- 
active both  physicall)'  and  mentally  the  other  thirty  sec- 
onds. Finally,  the  increased  pay  per  hour,  which  is 
usually  granted  the  car  operators,  enables  them  to  eun 
more  money  in  tlie  same  number  of  hours  and  tend?  to 
attract  a  higher  grade  of  men. 

Care  and  Inspection — The  high  schedule  speech, 
the  automatic  features  of  the  car  and  its  light  construc- 
tion, make  thorough  and  conscientious  inspection  an 
absolute  necessity.  The  operation  of  the  car  at  its 
maximum  efficiency  demands  that  the  air  brake  appar- 
atus function  properly  at  all  times :  that  the  brake  shoes 
be  in  good  condition,  and  that  the  piston  travel  be  prop- 
erly adjusted. 

The  electrical  apparatus,  headlights,  car  lighting,, 
buzzer  system,  trolleys,  trucks,  seats,  door-operating  de- 
vices, and  car  fenders,  all  require  their  share  of  atten- 
tion. 

Inasmuch  as  the  s:\fcty  car  is  different  from  the 
type  of  car  formerly  used,  and  because  it  is  equipped 
with  smaller  apparatus,  shop  and  inspection  barn  men 
are  prone  to  neglect  it.  If  the  cars  do  not  receive  the 
I>r()]icr  attention  in  tlie  car  barns  on  the  light  inspec- 
tions, more  pull-ins  will  result,  and  more  work  will  be 
necessary  in  the  main  shop,  which  creates  a  congestion 
there  and  increases  the  maintenance  cost  of  the  equip- 
ment. 

The  best  results  have  been  secured  where  certain 
specific  men  were  charged  with  the  responsibility  of 
the  safety  cars.  If  this  is  done,  these  men  take  a 
personal  interest  in  keeping  the  cars  on  the  road,  seeing- 
that  they  are  always  neat  and  clean,  and  making  sure 
that  their  equipment  is  in  proper  shape. 

It  is  just  as  necessary  to  train  the  shop  and  car 
barn  forces  to  take  care  of  the  safety  car  as  it  is  to  in- 
struct the  operators  and  dispatchers  in  the  operation  of 
the  car. 
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THE  question  of  revenue  is  always  of  interest  in 
any  business,  and  particularly  so  in  electric  rail- 
way freight  handling.  This  is  true  in  that  there 
are  a  number  of  difficult  conditions  that  should  be 
overcome  before  the  profits  in  this  business  can  be  at- 
tractive to  some  lines. 

While  both  steam  and  electric  railways  are  freight 
carriers,  there  is  no  logical  reason  why  the  rates  should 
be  the  same.  iThe  service  rendered  by  the  latter  is 
superior,  and  should  receive  compensation  that  is  com- 
mensurate with  the  service  given.  Many  roads  have, 
however,  made  tariffs  with  rates  less  than  and  others 
the  same  as  the  steam  roads. 

Interurban  operating  conditions  diflferentiate  the 
electric  and  steam  carriers  to  the  public.  A  great  gap 
exists  between  low  and  high  class  freight  operating 
costs  on  a  steam  line;  for  a  single  locomotive  can  haul 
a  number  of  cars  and  enables  the  steam  carrier  to  trans- 
port heavy  carload  freight  at  a  very  low  cost,  while 
high-class,  less  than  carload  freight  involves  a  rela- 
tively high  operating  cost,  owing  to  the  terminal  ex- 
pense of  handling.  The  exact  reverse  is  true  in  inter- 
urban operation,  for  here  the  terminal  cost  is  less  than 
on  the  steam  road,  while  the  haulage  cost  is  much 
higher.  Short  haul  less  than  carload  business  can  be 
handled  by  an  electric  line  at  rates  that  would  involve 
a  loss  to  a  steam  carrier.  For  instance,  package  fre''!:li- 
can  be  handled  for  a  distance  of  five  miles  at  a  con- 
siderably less  cost  by  an  electric  line  than  by  a  stenm 
road;  while  the  steam  road  cost  for  a  hundred-mile  haui 
is  less  than  that  for  an  interurban. 

Considered  fundamentally,  the  rates  should  be 
based  on  the  cost  of  transportation.  This  cost  would 
include  terminal  cost  for  handling,  plus  road  haul,  plus 
the  commercial  cost  of  securing  the  business  and  for 
superior  service.  Taking  all  costs  into  consideration, 
high-class  freight  interurban  rates  can  generally  be 
lower  than  those  for  steam ;  while  the  low-class  freight 
interurban  rates  should  be  higher  than  for  steam.  As 
practically  all  interurban  freight  service  is  equivalent 
to  either  express  or  time-freight  movement,  it  would 
seem  highly  desirable  to  adjust  rates  so  as  to  promote 
high-class  freight  traffic  for  interurban  lines,  and  the 
low-class  for  the  steam  carriers. 

Many  electric  railways  doubt  that  the  freight  busi- 
ness will  materially  enhance  their  gross  revenue.  Why 
this  opinion  exists  is  hard  to  explain,  unless  it  is  due  to 
the  lack  of  system  in  keeping  operating  records,  or  be- 
cause only  a  few  roads  have  made  an  analysis  of  their 
freight  business  and  are  in  a  position  to  know  definitely 
what  they  are  doing  along  this  line. 

Economically  the  electric  railway  owes  the  com- 
munity served  the  best  that  it  can  give  towards  the  de- 
velopment of  the  natural  resources  at  hand.     Passen- 


ger travel  is  essential,  but  is  onl)  subject  to  the  personal 
desires  of  the  individual;  while  hauling  freight  assists 
in  supplying  a  demand  created  m  different  markets  for 
finished  or  raw  products  from  a  given  territory.  There- 
fore it  is  highly  important  that  the  economic  side  of 
the  question  be  thoroughly  analyzed  before  going 
ahead,  or  before  deciding  not  to  handle  freight. 

Arguments  brought  out  against  freight  haulage 
are: — A  road  is  solely  a  high-speed  passenger  line;  an- 
other lacks  sub-station  capacity  for  hauling  freight;  or 
in  other  cases  local  conditions  will  not  permit.  Usually 
any  one  or  all  of  these  prove  to  be  fallacious  when  in- 
vestigated. 

If  a  road  is  able  to  operate  a  high-speed  passenger 
service,  usually  it  is  all  the  more  possible  to  secure  a 
large  freight  revenue  from  such  a  territory.  In  this 
case  the  question  resolves  itself  into  handling  the  light 
local  freight  during  the  day,  and  the  heavier  movements 
for  industries  at  night,  when  the  passenger  traffic  falls 
off. 


pre.    I — IVIiCAI.     FkKlC.HT     INTEHURl'.AX     CAR 

Ti-rre  Haute.  ludiaiiapoli'^  and  Eastern  Tractiim  Company. 

-Substation  capacity  need  not  be  a  restricting  fac- 
tor, as  freight  motive  equipment  now  available  is  de- 
signed and  built  with  the  idea  of  keeping  the  power 
peaks  to  a  minimum.  Slow-speed  freight  motor  equip- 
ment can  meet  the  freight  motor  car  and  trailer  oper- 
ating requirements,  as  well  as  those  demanded  by  heavy 
night  drag  freight  operation. 

If  local  conditions  preventing  freight  operation  do 
exist,  they  will  continue,  as  long  as  the  desires  of  the 
public  are  not  correctly  interpreted  by  the  public  offi- 
cials. ^^'hy  should  the  color  or  shape  of  a  freight  car 
be  the  same  as  that  of  a  certain  city  car?  Or  freight- 
operation  be  restricted  entirely  from  some  points,  be- 
cause some  governing  body  desires  to  lay  something 
in  the  way  of  the  electric  line?  The  public  should  be 
made  to  think  the  electric  way,  and  it  will  soon  realize 
that  electric  railway  freight  is  delivered  with  despatch, 
and  often  at  a  mot-e  convenient  point  than  bv  any  other 
atrencv. 
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Unjust  restrictions  are  imposed  on  many  lines 
throughout  the  country  by  state  and  municipal  authori- 
ties. By  a  proper  study  of  the  situation,  many  a 
manager,  through  missionary  work,  could  readily  make 
these  bodies  see  that  the  electric  railway  performs  an 
economic  service  inseparable  from  the  welfare  of  those 
whom  they  represent.  This  condition  can  be  greatly 
improved  by  electric  railway  operators  becoming  active 
in  chambers  of  commerce,  and  in  as  many  business  or- 
ganizations as  possible.  This  is  advisable  in  order  that 
the  business  public  may  find  thar,  as  in  every  other  line 
of  industry,  there  is  a  personality  behind  the  business. 
This  always  casts  an  atmosphere  of  success  about  any 
business.  Aggressive  publicity  is  essential,  as  the  elec- 
tric railway  has  a  story  of  service  to  tell,  and  it  should 
keep  telling  it  with  no  apologies. 

Merchandising  transportation  is  an  important  ques- 
tion. Freight  transportation  is  a  commodity  that  musi 
be  merchandised.     The  development  of  this  business  is 
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based  on  the  same  fundamental  principles  as  the  sale 
of  any  article  by  manufacturers  and  merchants. 

TRAFFIC  ORGANIZATION 

In  order  properly  to  develop  and  foster  freight 
business,  there  must  be  some  kind  of  a  business-getting 
department.  This  is  best  accomplished  through  the  in- 
stitution of  an  aggressive  traffic  organization,  supported 
by  effective  publicity  and  advertising.  Moreover,  the 
traffic  developed  must  be  handled  properly  in  order  to 
be  held.  This  is  only  possible  through  the  co-ordination 
of  all  freight  handling  facilities  in  the  territory  served, 
and  the  complete  co-operation  of  all  railway  manage 
nients  involved  in  through-routing. 

Here  is  where  the  well  paid  traffic  manager  is  a 
valuable  investment,  for  he  must  not  only  look  after  the 
development  of  freight  business,  but  also  see  that  there 
is  no  break  in  the  service.  The  very  nature  of  the  in- 
terurban  business  requires  constant  development  and 
care,  particularly  the  less  than  carload  traffic.  Where 
a  road  cannot  at  first  afford  a  regular  traffic  depart 
ment,  at  least  a  good  live  commercial  agent  is  essen- 


tial for  building  freight  business.  He  should  be  a 
street  and  not  a  desk  man,  for  he  will  earn  his  salary 
many  times  over,  if  he  understands  how  to  deal  with 
shippers.  The  business  obtained  often  depends  consid- 
erably on  the  personality  of  the  traffic  or  commercial 
manager. 

Discretion  should  be  used  in  employing  the  regular 
freight  solicitor  proper,  as  usually  he  is  of  the  order 
taker  type,  having  only  a  general  knowledge  of  rates ; 
knowing  little  of  the  elements  which  make  the  service; 
and  'less  of  diplomacy  and  the  salesmanship  which  is 
often  necessary.  In  most  cases  the  results  of  the  ex- 
perienced traffic  manager's  personal  efforts  are  so  singu- 
larly superior  that  solicitors  are  not  needed. 

This  last  means  that  the  traffic  manager  should  not 
be  tied  down  to  details  but  should  be  able  to  start  in  the 
morning  with  a  situation  report  of  the  previous  day  be- 
fore him.  From  this  he  would  be  able  to  tell  at  a 
glance  what  happened  over  the  whole  system  during  the 
;^'revious  24  hours.  The  report  would  help  to  give  him 
a  basis  for  his  day's  work,  making  it  possible  for  him 
lo  see  what  business  should  be  gone  after  to  bring  the 
'.reatest  return.  In  many  instances,  it  would  be  well  if 
he  traffic  manager  could  quote  a  rate  on  nearly  all  re- 

uests,  from  his  complete  knowledge  of  the  situation, 
there  are  traffic  managers  who  are  able  to  give  quick 

eplies  to  such  questions,  and  they  are  the  ones  that 
•;et  the  business.     With  a  live  organization  there  need 

ot  be  much  fear  of  the  motor  truck,  as  the  superior 
.srvice  rendered  by  the  electric  line  will  always  win 

ut,  because  the  motor  truck  is  a  fair  weather  carrier. 

FREIGHT  DEVELOPING 

A  road  should  have  at  least  one  good  terminal  city 
from  which  the  people  of  the  surrounding  countrj^  are 
.".erved.  Whether  or  not  a  freight  business  will  be 
profitable  depends  somewhat  on  the  following: — 

I  —Whether  the  people  depend  upon  the  terminal  city 
as  a  distributing  center. 

2 — Whether  other  trading  centers  are  liable  to  draw 
trade  away  from  the  terminal,  due  to  other  railway  facililics. 

3 — The  possibility  of  the  establishment  of  steam  road 
interchange.  -  •       -  •-: 

4 — Industrial  development  plays  an  important  part  in 
•ht>  successful   freight  operation  of  many  interurban  lines. 

While  many  lines  were  built  primarily  for  passen- 
ger service,  some  of  these  can  readily  help  develop  their 
communities,  and  prove  of  value  to  themselves  by  hiiul- 
ing  more  freight.  With  this  in  view,  many  a  line  has 
started  by  using  one  or  two  freight  motor  cars,  e.ich 
'Me  to  haul  one  or  more  trailers. 

oi'1::ration 

The   clas.ses   into   which    interurban    freight   traffic 

may  be  divided  are: — 

1 — Express  and  Despatch  freight — Light  packages  can 
be  transported  in  the  baggage  compartments  of  combination 
passenger  cars.  This  is  usually  handled  at  express  rales  or 
at  a  fixed  charge  per  package  per  hundred  poimds  regard- 
less of  class.  Properly  divided  this  freight  would  come 
under  two  classes  : — n — Express  at  a  high  tariflf  similar  to 
old  line  express  rates;  b — Despatch  freight,  at  a  rate  cori- 
siderably  above  the  first  class  freight  rate. 
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2 — Package  E.vl>rrss — Less  than  carload  freight  trans- 
ported on  fast  interurban  express  motor  cars  at  regular 
freight  or  special  tariffs  (approaching  old  line  express 
rates)  under  regular  or  special  classification. 

3 — Fast  Freight — This  is  a  combination  of  above  classes, 
including  the  handling  of  carload  shipments  daily  at  regular 
tariffs  and  under  classification. 

4 — Hcaz'v  Carload  Freight,  Switching  and  Interchange 
Service — Under  this  class  come  roads  doing  a  regular  steam 
road  freight  business,  at  regular  tariffs  and  classifications. 

Usually  the  electric  line  that  has  its  freight  well 
developed  operates  a  combination  service  that  often 
includes  all  or  more  than  one  of  the  above  classes.  Of 
course,  the  kind  of  service  to  be  rendered  can  best  be 
determined  by  a  survey  of  the  territory  in  question.  A 
combination  of  classes  /  and  j  produces  the  best  results 
immec'iately.  The  business  that  comes  will  be  of  such 
natun  is  to  provide  a  continuous  amount  of  tonnage, 
both  less  than  carload  and  carload,  bringing  a  profit- 
able ~eturn.  Such  a  service  is  equivalent  to  the  besi, 
and  ii  fact  better  than  steam  railroads  can  give,  even 
under  what  they  call  "time  freight"  service.  Class  / 
gives  a  despatch  service  which  is  very  desirable  for 
medium  weight  shipments;  and  in  class  j,  there  is  av  '.li- 
able a  merchants  fast  freight. 


trailer  equipment;  mechanical   freight  handling  equip- 
ment, and  an  unlimited  amount  of  imagination. 

The  very  nature  of  the  freight  handled  by  most  of 
the  electric  lines  demands  that  it  be  handled  with  regu- 
larity, efficiency  and  economy.  The  problem  of  less 
than  carload  freight  handling,  in  interurban  terminals 
especially,  requires  study  in  each  particular  case  before 
an  electric  line  determines  how  far  to  go  in  regard  to 
using  mechanical  devices.  In  general,  however,  it  may 
be  said  that  the  four-wheel  "dolly",  or  four-wheel' auto- 
truck will  greatly  help  electric  lines  to  simplify  their 
freight  handling.  With  even  such  simple  devices,  the, 
engineers  studying  this  problem  have  found  an  appre- 
ciable reduction  in  the  cost  per  ton  of  freight  handled. 
With  a  four-wheeled  auto-truck  one  man  can  move 
from  2000  to  3000  pounds,  as  compared  with  400  to 
600  pounds  on  a  two-wheeled  hand  truck.  At  least 
four-wheeled  push  trucks  should  be  used  wherever 
possible  at  the  start.  Proper  team  yard  facilities  are  es- 
sential in  order  to  handle  very  much  carload  freight, 
and  in  such  yards  there  should  be  a  crane  of  some  type 
to  lift  heavy  freight. 
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Michigan  Railway  Company. 

However,  the  fact  must  not  be  overlooked,  that 
the  most  profitable  business  is  the  carload.  The  less 
than  carload  freight,  which  is  die  kind  that  most  elec- 
tric lines  carry,  is  expensive  to  handle,  even  though  an 
electric  line  can  handle  it  cheaper  than  a  steam  line. 
A  study  of  steain  railroad  freight  business  activities 
will  reveal  the  fact  that  carload  freight  is  desired  by 
them,  as  it  yields  a  fair  share  of  the  net  total  revenue 
on  account  of  requiring  less  handling.  Some  of  the 
reasons  why  this  is  true  are : — 

I — Carload  freight  is  loaded  by  the  shipper  and  un- 
loaded by  the  consignee,  thereby  relieving  the  railroad  com- 
pany of  the  responsibility  of  loading  and  unloading,  and 
the  cost  of  handling  freight  in  the  house. 

2— A    very    large    percentage    of    carload    freight    is 

handled  at  private  yards.     (This  is  possible  for  an  electric 

line,  toe,  where  industrial  switching  has  been  developed.) 

3— For  the  two  above  reasons,  the  risk  from  loss  and 

damage  is  very  much  less  in  handling  carloads. 

4 — Less  accounting  is  necessary  on  carload  shipments 

FREIGHT    HANDLING    FACILITIES 

In  order  to  handle  freight  at  a  profit,  proper  facili- 
ties must  be  provided,  including  adequate  freight 
terminals,  stations  and  yards  according  to  the  character 
of  the  business  to  be  done;  proper  motive  power  and 


FIG.   4 — LOADING  CARLOAD  FREIGHT  AT  INDIANAPOLIS 

Terre  Haute,  Indianapolis  and  Eastern  Traction  Company. 
FKi:iGIIT  TKRMINALS  AND  STATIONS 

Where  there  are  several  terminal  cities,  each 
should  have  a  freight  terminal  laid  out  according  to 
traffic  requirements.  Usually  when  the  business  de- 
mands, there  should  be  at  the  main  freight  terminal 
three  necessary  units, — an  inbound  freight  house,  an 
outbound  freight  house,  and  a  team  yard.  The  in  and 
outbuund  houses  should  be  opposite  each  other,  with 
from  three  to  five  tracks  between  them.  Where  there 
are  only  two  tracks,  there  is  generally  congestion,  unless 
the  layout  is  for  stub-end  operation.  Adjacent  to  the 
house  tracks  at  one  end  of  the  terminal  yard  should  be 
the  team  tracks,  long  enough  to  permit  the  simultaneous 
loading  of  several  freight  cars. 

In  parts  of  the  country  where  the  dairy  business  is 
profitable,  a  track  is  reserved  for  the  milk  car  or  cars. 
A  storage  track  for  empty  cars  may  also  be  desirable. 
Along  the  above  general  plan  a  terminal  for  from  10 
to  100  cars  can  be  built. 

In  operating  a  terminal  it  is  possible  to  use  all  its 
units  to  advantage;  for  instance  in  many  cases  where 
there  is  a  heavy  daily  merchandise  movement  to  a  cer- 
tain point,  enough  to  make  up  a  car,  this  car  need  not 
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be  "spotted"  on  the  house  track,  but  placed  in  the  team 
yard.  Thus,  the  house  track  has  been  reheved  of  one 
car.  As  there  is  a  checker  on  the  team  track,  teamsters 
can  be  directed  to  the  car  in  the  team  yard.  This  il- 
lustrates one  advantage  of  having  proper  terminal 
facilities. 

ELECTRIC  TRAP  CAR  SERVICE 

Trap  car  operation  means  that  certain  industries 
are  called  upon  by  one  or  more  freight  cars  each  day, 
collecting  small  less  than  carload  shipments.  The  trap 
car  can  be  one  or  both  of  two  forms,  a  small  trailer 
or  a  motor  car  of  the  platform  type  with  a  cab  at  one 
end.  The  trailer  can  be  moved  readily  from  industry 
to  industry  for  large  less  than  carload  freight  ship- 
ments ;  while  the  motor  car  can  pick  up  a  large  number 
of  smaller  shipments.  One-man  trap  cars  could  be 
used  in  many  places  resulting  in  the  collection  of  .freight 
that  would  not  have  been  secured  otherwise. 

ROLLING  STOCK 

Regular  electric  freight  motive  power  equipment  is 
essential.  To  begin  a  freight  business,  one  or  two 
freight  motor  cars  are  required,  and  these  should  be 

FIG.    5 — A    WEU.   LATP   OUT    SMALL    FREIGHT    STATION 


Motive  power  equipment  is  available  which  has 
such  characteristics  that  operating  an  "off  peak"  freight 
service  would  not  necessarily  require  any  additional 
substation,  power  house  or  feeder  capacity;  or  in  any 
way  interfere  with  regular  traffic.  Low-speed  field  con- 
trol locomotive  motors  can  handle  heavy  drags  of  cars 
with  no  greater  power  demands  than  those  required 
by  a  single  large  high-speed  interurban  passenger  car. 

For  efficient  freight  operation,  whether  the  motive 
power  equipment  is  placed  under  a  flat  car  or  a  regular 
electric  locomotive,  there  must  be  some  differentiation 
in  the  design  from  that  for  passenger  propulsion.  The 
use  of  passenger  motors  should  be  entirely  eliminated 
when  considering  freight  service.  In  using  this  equip- 
ment, speed  is  obtained  at  the  expense  of  power,  and  the 
fact  that  many  roads  operate  motor-freight  cars  on 
practically  passenger  schedules  has  led  some  to  believe 
that  all  freight  service  exacts  a  large  amount  of  power. 
But  freight  trains  need  not  move  at  passenger  speeds. 


In  conducting  a  freight  business,  it  is  not  only 
imperative  that  records  be  kept  of  shipments  as  pro- 
tection against  claims,  but  also,  for  the  intelligent  op- 
eration  of  the   service.     Thus   n    simple,   but   adequate 
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able  to  haul  at  least  one  trailer  apiece.  As  business  de- 
velops, it  will  be  found  to  advantage  to  have  two  or 
tliree  trailers  available  for  pushing  the  carload  business. 
One  road,  with  only  five  motor  cars  and  six  box  car 
type  trailers  in  one  month  recently  handled  2578  tons, 
or  234  tons  each,  at  15  tons  per  car,  so  that  each  car 
handled  approximately  16  loads  in  the  month  of  25 
days.  This  is  getting  good  use  out  of  the  equipment, 
and  shows  what  can  be  accomplished  with  a  small 
amount.  When  operating  a  freight  motor  car  and  one 
or  more  trailers,  the  motor  car  can  act  as  a  peddler  or 
merchandise  car,  while  the  trailers  with  carloads  can 
be  set  out  at  any  station. 

A  road  starting  as  above  mentioned,  will  need 
later,  motor  cars  capable  of  hauling  three  or  more 
trailers,  as  business  demands.  In  case  an  extensive 
steam  road  business  develops,  and  becomes  heavy 
enough,  an  electric  locomotive  would  best  serve  the 
purpose.  This  is  especially  the  case  where  an  electric 
Ime  needs  equipment  to  handle  reasonably  large  "cuts" 
of  cars  left  on  interchanges  in  one  train  movement,  as 
then  the  expense  is  held  to  a  minimum. 
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FIG.    6 — INTERURRAN    TRAILERS    "SET    OUt"    FOR    LOADING 

At  Indianapolis  freight  terminal. 

accounting  system  is  necessary.  Many  roads  find  that 
standard  steam  road  billing  and  accounting  methods  are 
the  best,  with  modifications  where  necessary. 

OPERATING  STATISTICS 

Freight  operating  records  should  receive  more 
careful  attention  than  they  usually  do,  and  in  charging 
expenses  to  the  freight  department,  nothing  should  be 
added  that  does  not  belong  against  freight  operating. 
A  few  simple  records,  as  given  below,  will  in  time  tell 
an  interesting  story  of  the  freight  operation  on  a  road. 

Gross  freight  revenue 

Expense  of  freight  service 

Net  freight  revenue 

Revenue  tonnage  by  stations 

Total  system  revenue  tonnage 

Revenue  freight  car-miles 

Revenue  per  freight  car-mile 

Operating  expense  per  motor  freight  car-mile 

Operating  expense  per  trailer  freight  car-mile 

Ton-miles  operated 

Revenue  per  ton-mile  (motor  car) 

Revenue  per  ton-mile   (trailer) 

Combined  system  revenue  per  ton-mile 


Overloads  in  Railway  Motors 


IN  ADDITION  to  handling  the  normal  traffic,  rail- 
way motors  are  occasionally  called  upon  to  per- 
fonn  emergency  service  such  as  pulling  in  a  "dead 
car",  pulling  a  car  back  on  the  track,  etc.  It  is  im- 
portant in  such  emergencies  that  the  equipment  be  able 
to  pull  out  of  the  trouble  and  get  out  of  the  way  of  other 
cars  as  to  avoid  a  tie-up  in  traffic.  The  resulting  dam- 
age to  the  motor,  due  to  overload,  is  generally  of  sec- 
ondary importance  in  such  cases,  unless  absolute  failure 
occurs,  because  the  avoidance  of  a  tie-up  in  traffic  more 
than  offsets  the  shortening  of  the  life  of  certain  work- 
ing parts  that  results  from  the  overload. 

MECHANICAL  FAILURES 

A  mechanical  failure  seldom  occurs  during  such 
overloads,  since  a  current  that  would  develop  enough 
torque  to  stress  any  of  the  working  parts  up  to  the  rup- 
ture point  or  even  the  elastic  limit,  would  burn  up  the 
windings.  Slippage  of  wheels  also  definitely  limits  the 
mechanical  stresses  obtainable  under  a  starting  over- 
load. So,  as  a  rule,  under  such  conditions,  barring  of 
course  the  possibility  of  defective  material,  the  limit 
from  an  insulation  standpoint  is  reached  long  before 
the  mechanical  limit. 

Probably  the  greatest  mechanical  stresses  that  can 
be  applied  are  those  which  occur  when  a  motor  is  re- 
versed while  going  at  high  speed.  The  overload  trip 
does  not  protect  the  motors  in  this  case  because,  as  a 
rule,  it  does  not  act  quickly  enough  to  limit  the  current. 
Tests  have  been  made  which  show  that  under  this  con- 
dition the  torque  developed  may  be  as  high  as  twenty 
to  thirty  times  normal.  Flashing  or  "bucking"  over  of 
motors  is  another  cause  of  bent  or  broken  shafts. 

Many  cases  of  broken  shafts,  which  are  commonly 
attributed  to  so  called  crystallization  of  the  material,  are 
probably  due  primarily  to  the  shaft  becoming  bent  at 
some  time,  which  results  in  the  repeated  stressing  of 
the  outside  fibers  a  little  beyond  the  elastic  limit.  This 
results  in  a  crack,  which  gradually  progresses  until 
complete  fracture  occurs. 

ELECTRICAL  FAILURES 

In  some  of  the  older  types  of  motors  without  com- 
mutating  poles,  flashing-over  at  the  commutator  under 
heavy  loads  was  frequently  the  principal  limit  in  such 
operation,  particularly  if,  as  was  often  the  case  with 
this  type  of  motor,  the  commutator  and  brushes  were 
not  in  good  condition.  The  flashing  would  burn  field 
coil  terminals  and  leads  and  damage  the  insulation  of 
both  the  field  and  the  armature  windings.  Matters 
would  go  from  bad  to  worse,  resulting  finally  in  short- 
circuit  or  ground  or  inability  to  keep  the  circuit  breaker 
closed.  This  was  not  true  of  all  of  the  older  motors, 
as  some  of  them,  'n  spite  of  lack  of  commutating  poles, 
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had  fairly  stable  characteristics,  and  gave  a  very  good 
account  of  themselves  under  such  conditions. 

With  the  addition  of  commutating  poles,  and 
proper  proportions  in  design,  flashing  as  a  rule  ceased 
to  be  a  limit  in  emergency  service.  A  well-designed 
motor  should  easily  handle,  without  flashing,  any  loads 
which  the  insulation  will  stand. 

Perhaps  the  greatest  electrical  overloads  that  a 
railway  motor  is  called  upon  to  carry,  occur  in  bucking 
snow.  This  is  a  type  of  overload  that  should,  for  the 
most  part,  be  classed  as  avoidable.  The  starting  and 
stopping,  backing  up  and  going  at  it  again,  constitutes 
a  cycle  of  operations  which  is  particularly  hard  on  the 
insulation.  Heavy  currents,  amounting  to  several 
times  what  the  motor  will  stand  continuously,  flow 
through  the  windings.  Lack  of  ventilation  limits  the 
carrying  away  of  heat  from  the  windings.  In  the  non- 
ventilated  types,  the  natural  draft  of  air  which  takes 
place  in  the  normal  operation  of  the  car  is  absent,  on 
account  of  the  very  slow  speed.  In  the  ventilated  types, 
the  effectiveness  of  the  fan  is  practically  nil,  for  the 
same  reason.  The  result  is  that  the  temperature  of  the 
windings  depends  almost  wholly  upon  the  ability  of  the 
iron  parts  surrounding  them  to  absorb,  rather  than 
to  radiate  heat.  For  example,  if  a  certain  amount  of 
heat  flowing  into  a  mass  of  metal,  raises  its  temperature 
50  degrees,  the  same  amount,  applied  to  a  mass  of  the 
same  material  twice  as  large,  will  raise  its  temperature 
one  half  as  much,  or  25  degrees.  This  is  on  the  as- 
sumption that  no  heat  is  radiated  in  either  case.  When 
heavy  overloads  are  applied  to  a  motor  for  relatively 
short  periods  of  time,  the  heat  is  generated  faster  than 
it  can  be  carried  off  by  radiation.  The  resulting  tem- 
perature at  the  winding  will,  therefore,  depend  very 
largely  upon  the  weight,  or  more  correctly,  the  mass, 
which  is  proportional  to  the  weight,  of  the  surrounding 
parts,  since  the  larger  this  mass  the  cooler  it  will  be  and 
the  more  rapidly  will  the  heat  flow  to  it  from  the  wind- 
ings. Thus  the  ability  of  a  motor  to  stand  up  under 
such  conditions  is  fundamentally  more  a  matter  of  size 
than  of  design. 

A  point  frequently  overlooked  is  that  the  damage 
done  to  the  windings  under  the  above  conditions  often 
does  not  show  up  at  the  time  of  the  overload.  This 
frequently  leads  to  the  conclusion  that  since  the  motor 
"got  by"  it  suffered  no  permanent  damage.  This  is  a 
mistake.  The  insulation  is  generally  weakened  and  a 
failure  directly  traceable  to  this  particular  overload  may 
occur  months  afterward,  when  the  history  of  the  case 
has  been  forgotten. 

In  this  respect  insulation  differs  from  some  of  the 
mechanical  parts.  If  the  stress  in  a  shaft  exceeds  the 
elastic   limit   of   the    steel,    permanent   bending   occurs 
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immediately  and  failure  is  not  far  distant.  The  char- 
acteristics of  steel  are  such  that  the  amount  of  this 
stress  will  not  be  much  greater  than  that  which  the 
steel  would  stand  continuously.  The  limit  of  load  is 
therefore  quite  sharply  defined,  the  range  between  safe 
and  unsafe  stress  being  approximately  lO  to  25  percent. 

Insulation  on  the  other  hand  has,  under  certain 
conditions,  a  considerably  broader  range  of  possible  op- 
eration without  immediate  failure,  even  under  excessive 
temperatures.  This  is  partly  due  to  the  fact  that  often 
the  final  failure  is  the  result  of  continued  vibration, 
rather  than  of  a  decrease  in  insulation  resistance,  due 
to  roasting.  The  latter  however  is  the  primary  cause 
of  the  failure,  because  of  the  consequent  mechanical 
weakening  of  the  insulating  fabrics. 

Permissible  extent  of  overloads  depends  upon  the 
kind  of  insulating  material  used.  Fibrous  materials, 
such  as  cotton,  cambric  and  paper,  will  not  stand  as 
high  temperatures  as  mica  for  instance.  The  kind  of 
material  used,  in  turn,  is  often  dependent  upon  such 
considerations  as  the  size  of  wire,  voltage,  space  limita- 
tions, etc.  In  motors  for  city  service,  it  is  usual  to 
employ  fabric  materials  as  the  principal  constituents  of 
the  insulation  on  the  windings.  This  class  of  material 
is  good  for  continuous  operation  at  a  temperature  up  to 
100  degrees  C.  Around  this  temperature  charring 
commences  and  the  life  of  the  insulation  is  materially 
shortened  if  worked  above  this  temperature.  The 
penalty  of  overloading  motors  to  take  care  of  emer- 
gencies is  shorter  life  of  insulation.  Only  in  unavoid- 
able emergencies  is  this  justified. 

Time  is  an  important  factor  in  the  disintegration  of 
insulation.  Fresh  cotton  insulation,  suitably  impreg- 
nated, will  stand  150  degrees  C.  for  a  few  minutes; 
whereas  125  degrees  C.  will  gradually  weaken  it.  In 
tmie,  the  impregnated  material  becomes  dried  out,  the 
insulation  is  much  weaker  and  more  susceptible  to 
failure  under  vibration,  due  to  loss  of  flexibility.  Cracks 
more  quickly  develop,  thereby  reducing  the  creepage 
distances.  Pulverizing  of  the  insulation  is  also  liable  to 
result  in  grounds  or  .short-circuits,  this  condition  being 
aggravated  by  the  fact  that  charred  cotton  is  a  conduc- 
tor. Thus  the  ability  of  a  motor  to  handle  overloads 
depends  largely  upon  the  greenness  of  the  insulation,  as 
well  as  upon  its  capacity  to  absorb  heat  rapidly. 

While  the  above  statements  on  the  effects  of  over- 
loads apply  to  both  types  of  motors,  they  are  true  to  a 
greater  degree  in  the  ventilated  type.  This  is  because 
the  volume  of  metal,  including  copper  and  iron,  is  con- 
siderably less  which,  as  pointed  out  above,  largely  deter- 
mines the  capacity  of  the  motor  for  absorbing  heat  on  a 
short-time  overload.  Comparing  ventilated  and  non- 
ventilated  motors  having  the  same  continuous  capacity, 
the  former  will  have  about  60  to  75  percent  of  the 
weight,  or  volume  of  the  latter.  Its  heat  absorbing  ca- 
pacity is  in  about  the  same  proportion.  Under  an  over- 
load, such  as  in  bucking  snow,  the  amount  of  heat 
carried  off  by  the  fan  is  almost  negligible  because  of 


the  slow  speed.  Therefore,  the  temperature  will 
depend  almost  entirely  upon  the  masses  surrounding  the 
windings,  and  will  be  higher  in  the  ventilated  than  in 
the  non- ventilated  type,  due  to  the  greater  mass  of 
the  latter.  On  the  other  hand,  the  two  types  of  mo- 
tors would  reach  about  the  same  maximum  temperature 
in  normal  service,  in  which  the  fan  becomes  effective. 

In  the  usual  application  of  motors,  a  reasonable 
margin  is  allowed  to  take  care  of  emergencies.  But  if 
a  motor  is  expected  to  perform  the  heavy  duty  imposed 
when  bucking  snow,  in  addition  to  handling  the  regu- 
lar service,  a  much  heavier  motor  should  be  used.  Such 
an  arrangement,  however,  would  be  expensive  in  the 
long  run  becauee  of  the  greater  initial  investment  and 
because  of  the  greater  weight  to  be  carried  around. 
This  cannot  be  justified  by  the  relatively  small  propor- 
tion of  the  year  that  the  heavier  motor  capacity  is 
actually  required.  Furthermore,  there  is  considerable 
to  be  said  against  applying  a  motor  which  operates  too 
cool  under  normal  conditions,  as  it  does  not  keep  itself 
dried  out.  The  resulting  accumulation  of  moisture  is 
a  deadly  enemy  to  the  insulation,  as  has  been  thoroughly 
proven  in  practice.  The  logical,  and  most  economical 
proceedure,  therefore,  is  to  have  and  use  liberally,  effi- 
cient snowplows  and  sweepers  to  keep  the  tracks  clear. 

The  exceptionally  severe  winter  of  1917-1918 
demonstrated  one  thing  quite  conclusively,  viz.,  that 
those  properties  whose  snow  fighting  apparatus  was 
well  tuned  up,  and  in  liberal  quantity  and  liberally  used, 
had  comparatively  little  trouble  due  to  snow.  On  one 
property  it  was  the  hobby  of  the  general  manager 
to  order  out  the  sweepers  at  almost  the  first  snow  flurry, 
much  to  the  dissatisfaction  of  some  of  the  men.  Per- 
haps this  manager  leaned  backward  a  trifle,  but  his 
troubles  due  to  snow  were  comparatively  few. 

The  failure  in  many  localities  in  this  respect  was 
not  due  to  lack  of  spirit  or  individual  efficiency  on 
the  part  of  those  immediately  in  charge  of  the  equip- 
ment. Rather  it  was  due  to  lack  of  efficient  appar- 
atus, and  lack  of  organization.  It  is  not  at  all  uncom- 
mon to  find  that  some  of  the  snow  sweepers  are  twenty 
to  thirty  years  old,  and  equipped  with  motors  fully  as 
ancient.  Experience  has  proved  that  frequently  these 
sweepers,  when  called  out  in  a  storm,  get  oply  a  little 
distance  before  they  themselves  must  be  pulled  in. 

During  1917-18  a  great  deal  of  trouble  was  due  to 
inability  to  obtain  necessary  materials,  such  as  brooms, 
to  put  the  sweepers  in  better  condition.  With  the  lift- 
ing of  embargoes,  etc.  this  difficulty  has  been  for  the 
most  part  removed,  and  recent  inspection  on  several 
properties  visited  indicate  that  better  preparations  are 
being  made  along  this  line.  This  augurs  well  for  the 
maintainance  of  normal  service  during  the  coming 
winter  months.  This  subject  deserves  the  closest  .study 
by  railway  managers,  for  it  has  been  amply  demon- 
strated that  efficient  snow  fighting  equipment,  with  well 
organized  operators  behind  it.  is  n  paying  proposition. 
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THE  traction  conditions  in  a  modern  largfe  city 
with  its  congested  streets,  and  the  consequent 
need  for  trailer  or  muUiple  control  train  opera- 
tion, quick  starting  and  stopping,  and  above  all  for 
every  precaution  which  will  ensure  safety  under  all 
conditions,  require  cars  that  are  especially  adapted  to 
meet  these  conditions.  An  installation  which  repre- 
sents the  best  modem  practice  along  these  lines  is  that 
of  loo  of  the  center  entrance,  low  floor  city  cars  now 
being  placed  in  service  by  the  Boston  Elevated  Rail- 
way Company.  The  appearance  of  this  type  of  car  is 
shown  in  Fig.  i  and  the  principal  dimensions  are  given 
in  Table  I.  They  are  equipped  for  double-end  opera- 
tion, having  center  entrance  doors  on  both  sides. 

The  control  system  adopted  employs  battery  opera- 
tion with  a  train- 
line  for  multiple- 
unit  control  and 
provides  automat- 
ic acceleration  b  y 
means  of  a  separ- 
ate "sequence 
switch."  A  se- 
quence switch  is  es- 
sentially a  remote- 
ly operated  device 
in  the  nature  of  an 
automatic  master 
controller  for  the 
main  motor-con- 
troller box,  being 
governed  in  turn 
by  the  master  con- 
troller and  subject 
to  the  action  of  the 
usual  accelerating 
current  limit  relay. 


-PRINCIPAL  DIMENSIONS  AND  DATA 

9-5  in. 


TABLE  I- 

Length  over  anti-climbers    48  ft. 

Length  between  truck-centers  24  ft. 

Width  overall  8  ft.     9     in. 

Height  over  trolley  hook  12  ft.     o     in. 

Wheel-base  of  truck 5  ft.     6     in. 

Wheel  diameter   24    in. 

Weight,  completely  equipped   43  000  lb. 

Weight  of  motors  and  gears   6  800  lb. 

Weight  of  control  equipment I  300  lb. 

Seating  capacity  S8 

The  cars  are  for  operation  in  fast  city  service,  and 
in  order  to  facilitate  their  use  in  inultiple-unit  trains, 
automatic  car  couplers  have  been  provided,  which  com- 
bine the  air  and  electrical  train  line  connections.  As 
the  cars  will  run  on  tunnel  routes  eventually,  they  have 
an  emergency  lighting  provision  which  automatically 
cuts  in  a  reserve  circuit  of  lamps  supplied  by  storage 
battery.     This  occurs  whenever  the  trolley  pole  leaves 
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the  wire  or  power  has  been  otherwise  lost  to  the  regular 
marker  lights. 

Rapidity  of  train  and  car  movement  is  aided  by  the 
installation  of  automatic  starting  signals,  effective  upon 
closure  of  the  doors.  The  center-entrance  doors  are  of 
the  sliding  type,  6  ft.  6  in.  total  width,  operated  by  air 
engines  with  manually  controlled  valves.  The  con- 
ductor's stand  and  motor-driven  fare-box  are  located  in 
the  central  well.  This  is  reached  by  a  15  in.  step  from 
the  outside.  There  is  a  10  in.  rise  to  the  floor  level  at 
either  side  of  the  well,  and  moderate  ramps  increase  the 
total  difference  between  rail  and  floor  to  nearly  31 
inches  at  the  trucks.  The  greater  number  of  seated 
passengers  are  accommodated  on  transverse  seats  of  the 
reversible  pattern.     There  are  a  few  longitudinal  seats, 

and  the  space  at 
the  car  ends  is  also 
utilized  when  not 
required  by  the 
motorman. 

MOTORS 

The  propelling 
equipfnent  consists 
of  four  motors  rat- 
ed at  40  hp  at  600 
volts.  These  motors 
are  of  the  standard 
box  type  with  a 
special  suspension 
adapted  to  the 
trucks.  The  inside 
h  u  ng  arrangemen  t 
is  employed  with 
leads  at  the  axle 
side.  Commutator 
covers  and  gear 
cases  are   made  of 

pressed  steel.     4'   tooth  gears  of   the  solid  cast   steel 

type  are  used  with  15  tooth  pinions. 

BRAKE  AND  AIR  EQUIPMENT 

A  motor-driven  air  compressor  is  located  at  one 
side  of  the  car  between  the  center-entrance  well  and 
the  truck.  There  are  two  12  by  54  in.  main  reservoirs 
located  beyond  the  truck,  hung  transversely  under  the 
overhanging  end  of  the  car.  A  separate  10  by  14.5  in. 
equalizing  reservoir  is  provided  together  with  other 
auxiliary  pneumatic  details  for  the  air  supply  to  the 
control  apparatus.  Across  the  car  from  the  compressor 
next  to  the  well  is  located  the  10  by  8  in.  brake  cylin- 
der, a  countershaft,  sheaves  and  chains  for  the  hand 
brake  connections  to  the  brake  rigging.  Nothing  is 
mounted  under  the  well,  except  brake  chains  and  pip- 
ing. 


FIG.    I — LOW    FLOOR   CAR    USED   ON    THE    DOSTON    SURF.\CE    LINES 


460 


THE  ELECTRIC  JOURNAL 


LOCATION'    OF    EUECTRICAI.    APPARATUS 

Near  the  ctMiipressoi"  is  located  the  regulating  ap- 
paratus for  the  storage  batteries.  18  Edison  cells 
give  a  nominal  operating  voltage  of  24  for  the  control 
and  auxiliary  battery  circuits.  The  batteries  are  lo- 
<:ated  above  the  car  floor,  under  two  of  the  transverse 
seats. 

All  other  apparatus  mounted  under  the  floor  i^  lo- 
cated across  the  central  well  from  the  air  brake  ap- 
paratus. The  main  controller  box  is  hung  crosswise  on 
the  same  side  of  the  car  as  the  air  compressor,  and  the 
sequence  switch  is  at  the  other  side.  A  trap  door  is 
provided  in  the  floor  to  enable  the  operator  to 
manipulate  the  reverser  and  motor  cutouts,  described 
later  as  part  of  llie  controller  box.  The  grid  resistors 
are  under  the  other  overhanging  end  of  the  car,  in  a 
position  corresponding  to  the  location  of  the  air  reser- 
voirs. 

In  the  ends  of  the  car  the  control  switches  and 
master  controllers  are  located  a.;  usual  for  each  motor- 


to  lock  down  the  unused  trolley  pole  forms  a  unique 
interlock ;  the  line  relay  connection  is  taken  from  the 
hook  so  that  the  control  can  not  operate  unless  the  sec- 
ond trolley  pole  is  down. 

CONTROL   BOX 

The  main  motor  control  consists  chiefly  of  eighi 
unit  switches  of  the  electro-pneumatic  type,  each  with 
its  operating  magnet  valve,  and  air  cylinder.  Eight 
strap  wound  coils  adjacent  to  the  switches  furnish  an 
effective  magnetic  blow-out.  The  main  circuits,  which 
are  of  the  well  known  HL  type,  have  shunting  transi- 
tion and  starting  resistance  combinations  to  secure  nine 
steps  total,  the  fifth  and  ninth  being  the  running  points 
in  series  and  parallel  respectively. 

In  construction,  the  group  of  eight  switches  is 
mounted  in  a  box  between  two  end  plates, 
the  latter  constituting  compartments  in  themselves, 
which  house  the  main  reverser,  the  overload  trip,  and 
other  parts,  as  shown  in  Figs.  2,  3  and  4.  One  con- 
troller box  thus  accommodates  practically  all  apparatus 


FIG.    2 — REVERSER  END  OF  CONTROLLER 
BOX 

Showing  also  the  motor  cutout  panel. 


FIG.    3 — GENERAL    VIEW    OF    CONTROLLER    BOX    FOR 
HL    AUTOMATIC    CONTROL 


man's  stand.  Chjse  to  the  mabter  controllers  at  the 
floor  are  junction  boxes,  conveniently  arranged  with 
vertical  terminal  boards  for  the  various  control 
connections.  Multi-conductor  cables  lead  from  these 
junction  boxes  to  the  train  line  couplers,  and  to  various 
parts  of  the  car.  The  lamps  of  the  door  signal  circuit 
are  used  to  illuminate  the  air-pressure  gauges,  being 
mounted  near  the  brake  valves.  The  latter  are  ar- 
ranged for  electropneumatic  operation  of  the  air  brakes 
in  conjunction  with  application  and  release  magnet 
valves  on  each  car,  control  train  line  wires  for  their 
operation  being  accommodated  in  the  main  automatic 
couplers. 

At  the  central  part  of  the  car  is  another  connection 
board  for  auxiliary  circuits,  near  a  distributing  panel 
with  fuse  cutouts  for  the  lamp,  signal,  and  control 
circuits.  The  main  light,  compressor,  and  heater 
switches  are  located  at  the  center  of  the  car,  to- 
gether with  two  signal  bells  and  the  service  buzzer. 

It  will  be  seen  from  Fig.  i  that  current  is  collected 
at  the  forward  trolley  pole.  This  method  of  operation, 
exactly  the  reverse  of  ordinary,  has  been  adopted  after 
a  con.s,iderable  trial  period.  The  trolley  rope  is  thus  jjut 
under  control  of  the  conductor.     The  use  of  the  hook 


FIG.    ^ — RELAY   END  OF   CONTROLLER  BOX 

Showing  combined  overload  trip 
and  line  relay,  the  limit  relay  and  the 
notching  relay. 

required  for  the  control  of  the  four  propulsion  motoi's. 
The  dimensions  are  such  that  adequate  clearances  are 
obtained  with  24  inch  wheel,  low  floor  cars.  The  con- 
struction complies  with  the  important  requirement  that 
the  arcing  chambers  be  separated  from  the  control  cir- 
cuits and  the  main  power  wiring,  which  are  isolated  in 
suitable  compartments.  But  three  switches  have  inter- 
locks, these  being  necessary  for  the  protection  of  the 
Ime  switch,  series  and  parallel  switches. 

UNIT  SWITCH  CONSTRUCTION 

A  "cut-away"  view  of  one  of  the  light-weight  type 
air  cylinders  and  details  is  shown  in  Fig.  5.  The  piston 
insulator  and  switch  hook  employed  secure  a  consider- 
able reduction  in  overall  height  in  comparison  with 
other  designs.  An  operating  magnet  valve  of  familiar 
type  is  also  illustrated  in  Fig.  5,  which  shows  the  en- 
closed coil,  moving  parts,  valve  ports  and  the  air  pass- 
ages. All  details  include  the  latest  developments 
and  improvements  in  mechanism  for  effectively  using 
compressed  air  in  the  operation  of  main  circuit  control- 
ling apparatus. 

One  point  of  particular  interest  in  Fig.  6,  illustrat- 
ing the  actual  switch  elements,  is  the  ingenious  arrange- 
ment for  dis-assembling  the  arcing  box.     The  sides  may 
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be  removed  by  displacing  spring  cHps,  ;>.nd  the  upper 
arcing  block  is  then  readily  removable.  It  is  supported 
;.nd  retained  by  the  sides,  no  other  fastening  being 
r.ecessary.  Further,  the  lower  arcing  block  can  be 
withdrawn  after  loosening  the  single  bolt  and  nui 
w  hich  are  entirely  accessible.  This  construction  renders 
il  very  easy  to  replace  in  a  short  time  any  part  of  the 
:'rcing  box  which  has  gradually  burned  away. 

As  shown  in  the  upper  view.  Fig.  6  certain  switch 
11  lits  are  provided  with  long  arc  chutes  which  extend 
through  the  main  cover  and  are  protected  by  weather 
shields.  One  of  the  two  units  so  furnished  for  thi> 
controller  box  is  the  line  switch,  LS  in  Fig.  9,  which  is 
subject  to  circuit  breaker  duty  from  the  action  of  the 
overload  trip.  The  gases  arising  from  the  arc  breaks  at 
tlie  line  switch  in  regular  operation  are  thus  exhausted 
to  the  open,  preventing  an  accumulation  in  the  switch 
group  chambers.  The  chief  resistance  switch  Ri  is 
similarly  provided  since  it  especially  reinforces  the  luie 
■switch  in  the  interruption  of  power  at  the  first  notch. 

Another  improvement  in  details  of  the  switch  con- 
struction is  in  the  main  terminal  bolts  of  the  switch 
unit.  The  hexagonal  head  of  the  bolt  which  secures 
the  switch  itself  to  the  supporting  plate  and  insulation  is 
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FIG.    5 — CUT-AW.\Y  VIEW   OF  OPERATING  AlK  CYLINDER  AND  OK  VALVE 
MAGNET  FOR   UNIT   SWITCH 

made  extra  large  in  order  to  receive  a  tapped  hole.  A 
shorter  bolt,  concentric  with  the  former  at  the  top,  is 
used  to  secure  the  cable  terminal  or  copper  strap  con- 
nector leading  to  other  switch  units  or  blow-out  coils. 
Assembling  the  switches  by  this  method  insures  reliable 
■contacts  between  the  connection  straps  and  switch  parts, 
and  has  the  added  feature  of  permitting  adjustments 
without  disturbance  to  the  fastenings  of  the  switches 
themselves. 

REVERSER   AND   RELAYS 

The  most  important  of  the  associated  main  circuit 
apparatus  in  the  control  box  is  the  reverser,  shown  in 
Fig.  2.  It  is  located  in  one  end  plate  box  and  operated 
by  an  air  cylinder  similar  in  construction  to  that  em- 
ployed for  the  operation  of  the  unit  switches. 
Heavy  plates  and  copper  tipped  fingers  are  provided  to 
commutate  the  connections  for  the  four  motors.  The 
shaft  of  the  reverser  drum  carries  a  handle  on  the  out- 
side of  the  box  so  that  the  reverser  can  be  operated 
easily  by  hand.  Another  convenience  is  a  door  above 
the  reverser  handle  giving  access  to  the  knife-switch 
motor  cut-outs.  This  makes  it  possible  to  cut  out  a 
pair  of  motors  readily  should  a  motor  become  disabled. 


In  the  end  plate  box  at  the  end  opposite  to  the  re- 
verser, a  terminal  board  is  provided  for  connections  to 
the  internal  control  wiring.  The  important  parts 
mounted  at  this  end  consist  of  the  line  and  overload  trip 


m..  (1-    i.K.Hi    will. II  I   wn.  r.NiT  switch 
Cul  away  lu  show  operaling  mechanism. 

relay,  the  current  limit,  and  notching  relays,  shown  in 
Fig.  4.  The  first  is  a  combination  relay,  having  a  shunt 
coil  connected  to  the  line  and  a  series  coil  which  carries 
total  car  current.  Its  contact  disc  is  normally  operated 
by  the  shunt  coil,  but  overload  current  through  the 
series  coil  causes  an  armature  to  lift  and  lock  itself, 
raising  the  contact  disc  simultaneously.  The  control 
circuits  interrupted  consequently  cannot  be  restored  un- 
til the  trip  is  reset  by  action  of  the  small  reset  coil  at  the 
bottom  of  the  relay.  The  current  limit  relay  is  of  the 
solenoid  and  plunger  type  with  a  single  contact  disc. 
In  connection  with  the  limit  relay  there  is  the  notching 
lelav  which  has  certain  contacts  to  by-pass  the  limit  for 
one  notch  at  a  time.  This  notching  relay  is  illustrated 
m  Fig.  7  and  its  action  will  be  further  described  under 
operation. 

TRAIN-LINE   CONTROL 

A  control  cutout  switch  and  a  master  controller. 
Fig.  8,  are  located  in  each  motorman's  cab.  Combined 
with  the  control  switch  is  the  reset  switch,  so  that  all 
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KIG.    7 — NOTCHING   RELAY 

control  is  thrown  off  when  resetting.  Special  master 
controllers  were  designed  in  order  to  accommodate 
signal,  lighting,  and  auxiliary  circuits.  Extra  fingers 
and   contacts  are   incorporated   in   the   reversing  drum 
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which  give  the  master  controller  a  directional  function 
in  a  double  sense,  since  it  serves  also  to  select  the 
proper  combination  of  bell  and  buzzers,  head  and  tail 
lights,  and  door  signal  lights,  besides  governing  the 
forward  or  backward  motion.  Interlocking  for  the 
door  signal  circuit  to  correspond  to  the  three  conditions 
of  head  end,  coupled  end,  and  rear  end  is  determined 
by  the  position  of  the  reverse  handle,  in  conjunction 
w  ith  a  cut-out  switch  on  an  air  cock  in  the  brake  train 
line. 

The  master  controller  has  its  main  drum 
arranged  for  motion  in  one  direction  from  the  off 
position  to  which  it  is  returned  by  a  coiled  spring. 
Mechanical  interlocks  prevent  conflicting  movements  of 
the  reverse  and  main  drums.  The  usual  automatic 
notches  are  registered,  namely,  a  first  or  switching  posi- 
tion, and  the  series  and  parallel  nmning  points.  The 
scheme    of    connections    requires    that    three    train-line 


crating  a  cylindrical  contact  drum,  which  effects  the  de- 
sired connections  for  the  control  circuits  at  suitable 
contact  fingers.  An  electro-pneumatic  operating  cylin- 
der or  air  engine  of  the  PK  type*  is  employed.  The 
usual  on  and  off  magnets  regulate  the  movements  of  the 
double-ended  piston  by  means  of  the  balanced  air-pres- 
sure principle.  An  improved  driving  mechanism  is 
provided,  and  is  so  arranged  as  to  produce  an  excep- 
tionally compact  construction,  as  shown  in  Fig.  10. 
The  bearings  are  of  an  enclosed  type  in  order  to  re- 
tain the  lubricant.  In  addition  to  its  use  on  the 
Boston  lines,  this  type  of  sequence  switch  is  also  being 
adopted  on  various  other  railway  properties  through- 
out the  country. 

Two  distinct  functions  are  performed  by  means  of 
the  connections  at  the  sequence  switch ;  some  being' 
used  to  regulate  the  action  of  the  sequence  drum  itself, 
and    others    having    direct    connection    to    the    switch 


FIG.   8 — M.ASTER    CONTROLLER 

wires  be  operative  in  order  to  secure,  or  to  maintain, 
power  through  the  main  controller  box. 

Should  an  extreme  emergency  exist  due  to  de- 
ranged control  circuits,  and  providing  that  nothing  is 
accomplished  by  throwing  the  master  controller  into 
reverse,  the  battery  (and  fuse)  may  be  short-circuited 
as  a  final  interruption  for  the  control  supply.  This 
function  is  so  interlocked  as  to  be  prevented  under  nor- 
mal conditions,  being  obtained  by  a  push  button  which 
is  located  at  the  back  side  of  the  master  controller  top. 
At  the  right  hand  side  under  the  main  handle  there  is 
an  auxiliary  handle  which  is  indicated  in  Fig.  9  as  a 
lever  switch  in  the  master  controller.  Manipulation  of 
the  lever  switch  while  the  main  drum  is  held  in  an  on 
position  secures  notch  by  notch  acceleration  at  currents 
exceeding  the  limit  relay  setting.  This  is  obtained 
through  the  medium  of  the  notching  relay  previously 
noted  as  part  of  the  main  controller. 

SEQUENCE  SWITCH 

The  sequence  switch  consists  of  an  air  engine  op- 


;.   9 — SCHEMATIC   DIAGRAM    OF    MAIN   AND   CONTROL   CIRCUITS 

For  HL  automatic  control  for  four  600  volt  motors. 

group  magnets,  thus  transferring  the  control  to- 
the  switch  group  which  results  in  the  desired  accelera- 
tion. 

Action  of  the  sequence  drum  can  only  be  initiated 
by  the  master  controller.  When  started,  the  drum 
automatically  advances,  contingent  ordinarily  upon  the 
performance  of  the  accelerating  limit  relay,  and  pro- 
ceeds to  the  step  indicated  by  the  master  controller. 
At  any  time  the  progression  of  the  drum  may  be  checked 
or  all  control  shut  ofT.  The  master  controller,  in  back- 
ing oflf,  releases  the  sequence  switch  magnets  so  that  the 
drum  starts  at  once  to  recede  to  its  off  position.  Of 
greater  importance,  however,  is  the  fact  that  the  traiii 
line  circuits,  when  de-enerigzed  by  the  master  con- 
troller, directly  drop  the  switch  group  magnet  coils  con- 
nected at  that  particular  time,  causing  all  switches  to- 
open  at  once,  independent  of  whatever  position  the  se- 
quence drum  might  have. 

♦See  articles  in  the  Journal  for  Oct.  1914,  p.  570  and  Oct. 
1017,  P-  -t3f'- 
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The  preceding  descriptions  give  suflicieni  knowl- 
edge of  the  apparatus  to  enable  the  schematic  diagram, 
Fig.  9  to  be  followed.  However,  some  inter-related 
features  which  insure  safe  and  positive  operation  of  the 
control  can  be  best  explained  by  direct  reference  to  the 
diagram. 

Tracing  5^-f"  ^o  the  master  controller  reverse 
drum,  and  either  4  or  5  shows  that  the  usual  reversing 
function  is  carried  out  by  means  of  interlock  contacts 
on  the  main  reverser,  and  three  fingers  and  contacts  of 
the  master  controller.  Although  the  2  wire,  also  en- 
ergized at  the  switching  notch,  results  in  the  closing  of 
5  and  Ri  switches,  by  way  of  15  and  22  wires  through 
the  sequence  drum,  it  is  necessary  that  the  reverser  and 
line  relay  contacts  be  properly  set  before  the  circuit 
to  the  line  switch  magnet,  coil  LS,  can  be  established. 
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FIG.    10 — SEQUENCE   SWITCH 

Also  a  second  fundamental  requisite  is  the  operation  of 
interlock  drum  /,  before  the  circuit  is  completed  to  0 
wire  and  back  by  the  master  controller.  This  fulfills  the 
essential  that  the  first  application  of  power  must  occur 
on  step  I  preparatory  to  further  progression.  A  hold- 
ing interlock  on  LS  maintains  the  connection  when  the 
sequence  drum  has  left  the  drum  i  position. 

The  line  switch  directly  affects  the  progression  and 
return  of  the  sequence  drum.  It  is  readily  realized 
that  if  the  line  relay  or  overload  trip  opens  the  line 
switch  circuit,  the  dropping  out  of  the  LS  interlock  re- 
sults not  only  in  preventing  a  re-establishment  of  the 
circuit  until  the  sequence  drum  takes  up  the  /  step,  but 
is  also  the  means  of  causing  the  drum  to  return,  since 
both  sequence  switch  magnets  are  de-energized. 

Consider  next  the  progression  of  the  drum  and  the 
resulting  acceleration  caused  by  the  operation  of  the  R2 
and  other  switch  units  in  the  desired  starting  order. 
The   sequence   drum    .'iutomatiC'''lly   controls   the    series 


parallel  transition,  just  as  it  does  the  resistance  notching. 
Movement  of  the  drum  depends  on  a  circuit  through 
the  /  wire  and  sequence  drum  to  the  off  magnet,  by 
implication  that  the  limit  has  dropped,  the  car  having 
attained  a  sufficient  speed  and  reduced  current.  The 
limit,  under  influence  of  the  motor  current  as  it  varies 
on  the  notches,  causes  successive  operations  of  the  off 
magnet.  The  on  magnet  is  energized  continuously  from 
the  2  wire,  and  admits  air  ready  to  advance  the  drum 
notch  by  notch  as  the  pressure  in  the  off  cylinder  is  in- 
termittently reduced  and  restored.  In  this  way,  the  full 
parallel  running  point  is  finally  secured  if  it  is  the  will 
of  the  operator  to  advance  beyond  full  series,  in  which 
case  the  j  wire  will  be  energized. 

In  taking  a  notch,  an  auxiliary  contact  is  made 
through  finger  jj  and  contacts  on  the  drum,  which- 
insures  that  the  movement  is  continued  far  enough  to 
attain  the  proper  position  on  the  drum.  This  action 
aids  in  arresting  the  motion  accurately,  so  that  the  drum 
moves  with  precision. 

Previous  references  have  been  made  to  the  notch- 
ing relay  which  comes  into  action  through  operation  of 
the  lever  switch  in  the  master  controller.  This  causes 
the  notching  relay  coils  connected  to  train  line  wire  6  to 
lift  the  left-hand  relay  armature,  which  by-passes  the 
limit  contacts.  At  the  same  time,  however,  •^he  se- 
quence switch,  in  its  positive  movement  to  take  the 
notch,  energizes  the  right-hand  coil  of  the  notching  re- 
lay and  opens  the  circuit.  Although  this  coil  is  de- en- 
ergized as  soon  as  the  sequence  drum  stops  at  the  new 
notch,  the  motorman's  lever  switch  must  be  dropped  oflf 
in  order  to  release  the  right-hand  relay  contact  arm. 
This  is  due  to  the  design  of  the  magnetic  circuit,  which 
makes  the  left-hand  coil  serve  in  effect  as  a  holding  coil 
for  the  right-hand  contacts. 

CONCLUSION 

This  installation  by  the  Boston  Elevated  Railway 
Company  is  notable  in  providing  for  the  multiple-unit 
operation  of  city  cars  ^here  a  private  right-of-way  is 
employed  in  the  more  congested  district.  The  equip- 
ment complies  with  the  recognized  essentials  of  safety, 
convenience  and  speed.  Besides  the  provision  of  effi- 
cient car  specialities  and  a  thoroughly  worked  out 
scheme  of  auxilaries  operated  from  an  independent  low- 
voltage  control  source,  the  car  is  equipped  with  a  fully 
protected,  automatic  motor  control. 

This   form  of  control  has  been  obtained  with  an 

exceptionally  small  amount  of  reliable  apparatus.     At 

the  same  time  the  control  scheme,  based  on  the  use  of 

the  sequence  switch,  provides  many  desirable  operating 

characteristics,  illustrating  the  fundamental  features  of 

automatic  operation  reviewed  in  itemized  form  below. 

I — Shutting  off  control  dc-energizes  all  the  circuits  and 

the  switches  open  simultaneously,  all  apparatus  taking  up 

an   initial   or   off   position,   as   a   necessary   preliminary   to 

further  action. 

2 — The  line  relay  function  acts  upon  partial  or  com- 
plete interruption  of  power  to  return  all  apparatus  to  the 
initial  position.  The  same  protection  is  secured  on  over- 
loads, with  the  fiirther  necessity  of  resetting  the  overload' 
trip. 
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3 — Two  and  three  wire  control. 

4 — Application  of  power  is  obtained  only  after  the  re- 
verser  is  properly  thrown  and  the  line  switch  is  closed. 

5 — Progression  is  dependent  upon  the  closing  of  the 
preparatory  switches  and  then  it  can  only  take  place  accord- 
ing to  its  predetermined  sequence. 


6 — Parallel  switches  are  fully  interlocked  against  series 
switches. 

Finally,  the  convenient  arrangement  of  the  appar- 
atus described,  and  the  method  of  operation  with  safet}' 
and  protection  result  in  an  equipment  of  an  admirable 
type  for  high-speed  city  service. 


Local  Associations  for  Organisation  Betterment 


W.  G.  BmxjKS 

Chicago  District  Ofiice, 

Westinghouse   Electric  &   Mfg.   Company 


THE  ADVANTAGE  of  having  local  organiza- 
tions to  discuss  better  ways  and  means  for  re- 
ducing operating  costs  and  improving  service  has 
been  a  subject  of  paramount  interest  to  railway  organi- 
zations for  many  years.  Opinions  from  authorative 
students  and  successful  managers  seein  to  be  divided  on 
its  profitable  scope  in  railway  organization,  with  cita- 
tions of  glowing  examples  to  substantiate  each  conten- 
tion. 

Theoretically  a  well  organized  railway  company, 
with  properly  selected  department  heads,  efficiently  su- 
pervised, should  function  perfectly,  but  experience  in 
practice  has  shown  that  even  with  all  of  this,  the  desired 
results  are  not  always  secured,  necessitating  modifica- 
tions which  usually  result  in  the  adoption  of  some  form 
of  department  or  general  meeting  plan. 

Internal  meetings  of  a  railway  organization  are 
generally  classified  as  educational,  operating  or  political, 
with  the  necessary  modifications  or  subdivisions  to  meet 
local  requirements.  Operating  meetings  are  pennanent 
fi.xtures  of  the  organization,  held  weekly  between  the 
management  and  departmental  heads,  departmental 
heads  and  their  immediate  subordinates,  and  in  some 
cases  are  extended  to  include  the  entire  departmental 
jjersonnel.  The  educational  and  political  meetings  are 
of  a  temporary  nature,  generally  planned  to  meet  special 
conditions,  and  as  a  rule  are  confined  to  one  or  inore 
departinents. 

After  the  past  few  years  of  exceptionally  trying 
oiieration,  emphasized  by  the  loss  of  experienced  em- 
ployees, continued  increasing  costs  of  labor  and  ma- 
terial, and  a  non-appreciative  press  and  public,  unwill- 
ing to  grant  proper  compensation  for  present  service, 
some  managements  have  grown  skeptical  of  any  appreci- 
able reduction  in  operating  costs  or  improved  service. 
Others  have  weathered  the  storm,  perfecting  an  organi- 
zation which  has  been  strengthened  by  contact  with 
Icjcal  railway  associations,  committees  and  sub-commit- 
tees with  whom  the  management  inay  take  counsel  on 
important  subjects  with  the  assurance  of  a  thorough  and 
conservative  consideration  of  all  recommendations. 

One  of  the  prime  advantages  of  such  associations 
is  the  mutual  confidence  created  by  the  personal  contact 
*)i  the  managment  with  other  operating  men  in  local  or- 
ganizations of  this  nature.  The  greatest  single  factor 
\n  the  .successful  operation  of  railways  after  a  thor- 
oughly efficient  operating  organization  has  been  effected, 
is  a  comprehensive  knowledge  of  how  other  operating 


railway  companies  are  succeeding  or  failing  in  dealing 
with  the  public  in  general  and  with  municipal  and  state 
authorities  in  particular,  as  well  as  with  their  employees. 
A  solid  constructive  program  presented  by  a  large  group 
of  railways  in  a  given  section  of  the  country  unques- 
tionably will  carry  more  conviction  than  the  ideas  of  a 
similar  number  of  individuals  with  conflicting  views  and 
varying  demands. 

In  addition  to  this,  there  are  numerous  other  ways 
by  which  the  average  overworked  manager  may  be 
greatly  helped  through  personal  contact  with  men  from 
all  departments  of  other  railways  at  local  meetings,  such 
as  methods  of  selecting  einployees  and  the  development 
of  subordinate  officers,  and  the  establishment  of  proper 
instruction  systems,  which  embody  the  essentials  of 
man  building,  as  well  as  a  study  of  methods  of  correct- 
ing social  unrest,  as  far  as  it  may  be  possible  for  anyone 
to  contribute. 

In  all  railway  companies  the  process  of  building 
men  to  fill  the  many  diversified  positions  of  railway  op- 
eration necessitates  simple,  thorough  instruction 
methods  by  a  coinpetent  instructor  possessing  full 
knowledge  of  local  circumstances,  types  and  classes  of 
men  to  be  instructed,  which  vary  according  to  the 
locality  of  operation.  Results  from  this  source  are  posi- 
tive but  slow  in  manifestation  and  great  care  should, 
therefore,  be  exercised  to  provide  the  same  advantages 
for  all  departments  to  assure  an  evenly  developed  or- 
ganization. 

Accurate  enumeration  of  the  many  benefits  derived 
from  instructions  of  this  nature  is  very  difficult  and  fre- 
quently the  only  reward  for  continuation  is  the  positive 
knowledge  that  a  cheerful,  loyal,  educated,  clear  think- 
ing employee  is  a  dependable  asset  to  railwa}'  operation, 
efficiently  performing  regular  duties  and  generally  dis- 
playing exceptional  discretion  in  emergencies. 

Preliminary  investigations  of  meeting  or  instruc- 
tion methods  should  thoroughly  consider  the  division  of 
contributed  time  for  thein ;  and  before  final  adoption  of 
a  system  the  contributed  time  should  be  divided  propor- 
tionately to  the  advantages  of  men  and  company,  as 
many  past  failures  have  been  registered  when  the  men 
were  called  upon  to  contribute  their  own  time  exclu- 
sively for  this  purpose. 

It  should  be  clearly  understood  that  systems  and 
plans  of  this  nature  are  not  confined  to  the  large  proper- 
ties, as  many  .small  properties  offer  glowing  examples  of 
what  niav  be  accomplished.     Their  problems  are  solved 


THE   ELECTRIC  JOURNAL 


465 


by  the  general  meeting  plan,  holding  bi-weekly  meetings 
for  all  employees,  with  an  afternoon  and  evening  session 
to  accommodate  day  and  night  shifts.  The  enthusiasm 
at  meetings  of  this  nature  is  probably  greater  than  that 
of  any  single  meeting  on  the  larger  properties,  and  it 
seems  advisable  for  the  larger  properties  to  include  the 
general  meeting  plan  in  their  present  meeting  arrange- 
ment. 

The  importance  of  organization  development  has 
been  fully  recognized  by  many  conservative  Central 
Western  managements,  who  have  provided  in  their 
several  state  associations  for  an  annual  operating  men's 
meeting  to  be  devoted  to  the  exclusive  discussion  of  op- 
erating  and   maintenance   problems.     Meetings   of  this 


character  will  promote  the  exchange  of  ideas,  inspection 
of  neighbors'  property  and  methods  with  a  general  dis- 
cussion of  the  subjects,  assisting  the  delegates  in  the  so- 
lution of  their  individual  problems,  and  in  the  adoption 
of  new  methods,  with  a  collective  concentrated  effort  to 
overcome  objectionable  conditions  of  the  locality  in 
which  they  operate. 

An  interlocking  arrangement  of  this  nature  will 
Imk  the  state  organization  with  the  many  local  organi- 
zations and  generally  improve  the  physical  condition  of 
the  member  properties,  with  improved  service  to  the 
general  public  and,  it  is  to  be  hoped,  increased  return  to 
the  employee  and  investor. 


UR  subscribers  are  invited  ro  use  this  department  as  a  means  of  securinf^ 
authentic  information  on  electrical  and  mechanical  subjects.  The  topics 
Id  be  of  14encr.1l  interest;  information  invoK  in[4  the  specific  desiijn  of 
■idual   pieces  of  app.iratus   is  not  supplied.      Care   should  he  used  to 


A  PERSON.-KL  rciily  is  n 
addressed  enx'elopc  as 
Anonymous  questions  can 
by  an  expert  on  the  subjt 
a  reasonable  lennth  of  time 


ailed  to  each  questioner  enclosing  a 
lOOn  as  the  necessary  information  can 
lot  be  considered.  As  each  question 
ct  invoked,  and  checked  by  at  least 
should  be  allowed  before  expectinf^  an 


1807 — Water  Wheel  Governor — I  was 
called  to  a  job  on  a  water  wheel  driven 
generator  which  was  giving  trouble. 
Here  is  what  I  found.  It  was  an 
Imperial  Elec.  Co.  generator  1200 
r.p.m.,  IS  kw,  120  volts,  direct  con- 
nected to  a  Pelton  water  wheel  with 
a  flywheel  of  amout  400  to  500  lbs., 
governed  by  a  D.  O.  James  governor, 
driven  by  a  %  hp  Westinghouse  motor 
controlled  by  a  G.  E.  Co.  type  T.  S. 
130,  Form  B.  7  contact  making  volt- 
meter. The  water  pressure  is  about 
igo  lbs.  When  the  generator  has  a 
load  of  30  amperes  or  over,  ever\'- 
thing  seems  to  work  all  right  but 
under  that  load  the  governor  does  not 
control  the  voltage,  that  is,  when  the 
governor  is  closing  the  needle  valve, 
after  the  governor  stops,  the  flywheel 
carries  the  voltage  about  10-12  volts 
lower  and  the  same  thing  happens 
when  the  governor  is  opening  the 
valve,  as  the  contacts  are  set  for  a 
variation  of  about  5  to  6  volts,  it 
makes  a  swing  of  about  25  to  30  volts 
and  as  the  load  is  all  lights  you  can 
readily  see  that  this  is  objectionable. 
What  do  you  think  is  the  trouble,  too 
heavy  a  flywheel  or  a  too  slow  work- 
ing governor?  Would  you  suggest 
connecting  a  resistance  of  some  kind 
across  the  line  to  take  say  30  amperes 
so  arranged  that  when  the  real  load 
comes  on  this  could  be  discontinued? 
w.F.p.  (n.y.) 

Probably  the  trouble  is  due  both  to 
the  weight  of  the  flywheel  being  high 
and  the  governor  working  too  slow.  If. 
however,  the  governor  is  made  quicker 
acting,  hunting  may  occur.  In  addition 
to  the  suggestion  made,  we  can  think  of 
two  other  possible  remedies,  but  the 
question  as  to  which  is  better  depends 
chiefly  on  the  cost  of  the  necessary 
changes.  The  remedies  are: — (i)  Con- 
vert the  governor,  which  is  now  evi- 
dently a  variable  speed  governor  (speed 
regulated  to  keep  voltage  constant)  into 
a  constant  speed  governor  and  put  a 
voltage  regulator  on  the  direct-current 
generator.  (2)  Purchase  a  60  cell 
storage  battery  and  connect  it  in  parallel 
with  direct-current  generator.     At  light 


load,  when  the  voltage  of  the  generator 
is  high,  the  battery  will  charge,  and  at 
heavy  loads  it  will  discharge.  This  will 
help  to  steady  the  load.  The  solution  of 
the  problem  largely  depends  on  the  de- 
tails of  the  governor  with  which  we  are 
not  familiar  but  we  trust  that  above 
ideas  may  be  of  assistance.  h.w.s. 

1808 — Reconnecting  500  Volt  Motor 
FOR  125  Volts — A  20  hp,  500  volt 
direct-current  shunt  motor  was 
changed  to  operate  on  12.S  volts.  The 
armature  was  wave  wound  and  the 
commutator  had  an  odd  number  of 
bars.  The  following  changes  were 
made:  The  field  coils  were  connected 
in  parallel  instead  of  series  so  as  to 
impress  125  volts  across  each  as  be- 
fore. The  commutator  segments  were 
reduced  to  one  half  the  former  amount 
by  pulling  out  every  other  mica  so  as 
to  have  each  segment  of  double  the 
thickness,  having  to  add  one  segment 
(half  of  one  of  the  new  ones)  so  as 
to  have  an  even  number  of  them.  The 
segment  added  was  equivalent  to  about 
the  thickness  of  the  mica  taken  out. 
Same  armature  coils  were  used,  only 
doubling  their  carrying  capacity  by  re- 
ducing the  former  coil  turns  to  one 
half;  the  armature  was  reconnected 
series-four-pole.  The  brushes  had  to 
be  widened  from  %  to  %",  I  mean, 
the  thickness  increased.  The  motor 
operates  fairly  well,  the  speed  having 
been  about  doubled.  Has  this  pro- 
cedure being  correctly  thought  out  and 
how  have  the  electrical  characteristics 
of  the  motor  being  changed? 

A.O.U.    (MEXICO) 

Paralleling  all  the  shunt  coils  in 
changing  from  500  to  125  volts  was  the 
correct  procedure.  In  either  case  then 
the  volts  per  coil  would  be  125,  the 
current  in  each  coil  would  be  unchanged, 
and  the  magnetic  conditions  would  be 
unchanged.  If  the  armature  was  not 
changed  and  the  fields  were  changed  as 
above,  the  motor  would  run  at  Vi  the 
original  speed,  since  the  voltage  was 
quartered.  For  the  same  armature  cur- 
rent the  horse-power  would  be  quartered, 
but  the  torque  would  be  unchanged.     If 


any  larger  horsepower  is  wanted  the 
armature  must  be  changed  to  carry 
larger  current  and  to  run  faster.  From 
the  question,  we  understand  that  this 
armature  was  originally  wave  (some- 
times called  series,  or  two  circuit) 
wound,  having  an  odd  number  of  com- 
mutator bars.  The  mica  was  taken  from 
between  every  other  bar,  and  a  single 
bar  was  added,  giving  half  as  many 
double  bars  as  there  were  single  ones. 
The  coils  originally  started  at  one  bar, 
went  to  a  bar  on  the  opposite  side  of  the 
armature  and  then  back  to  a  bar  adja- 
cent to  the  first  one.  When  the  mica 
was  removed  half  of  these  coils  would 
be  short  circuited,  since  the  bars  touch. 
It  is  understood  that  the  coils  were  re- 
connected to  avoid  this  in  such  a  way 
that  there  will  be  two  of  the  old  coil's 
in  parallel  from  each  double  bar  to  the 
next.  Since  there  are  two  coils  in 
parallel  always,  there  is  now  only  half 
the  turns  in  series  on  the  armature  that 
there  were  originally.  It  seems  that  the 
armature  coils  were  opened  and  the  coil 
cut,  and  then  reconnected  in  such  a  way 
as  to  get  on  half  as  many  turns  per  coil 
as  originally,  with  doubled  current  carry- 
ing capacity.  Evidently  the  turns  were 
halved  and  reconnected  in  parallel  in- 
stead of  series,  as  originally.  This 
would  again  halve  the  number  of  turns 
in  series  on  the  armature,  giving  one 
quarter  as  many  turns  as  originally. 
The  armature  was  wave  wound  again 
when  reconnected.  This  armature,  then, 
should  run  at  the  original  speed  when 
125  volts  is  impressed.  We  could  make 
no  definite  comments  on  this  armature 
procedure  without  knowing  the  numbers 
of  bars,  slots,  and  turns  per  bar.  In 
this  case,  since  the  operation  was  satis- 
factory, evidently  the  procedure  was  all 
right.  In  the  majority  of  cases  the  re- 
sults would  be  unsatisfactory  because 
some  of  the  changes  are  very  difiicult  to 
make,  and  because  in  but  few  armatures 
are  the  numbers  of  bars,  slots,  and  turns 
per  bar  such  that  these  changes  are 
possible.  Usually  a  better  method  would 
be  to  rewind  the  armature,  using  larger 
wire  and  fewer  turns  per  bar.  There 
must  he  some  other  change  lo  the  arma- 
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turc  than  those  given,  for  they  would 
cause  the  speed  finally  to  be  the  same  as 
originally,  while  the  question  states  it 
was  doubled.  Reconnecting  as  a  lap 
winding  instead  of  a  wave  winding  as 
stated  would  give  this  result.  No  men- 
tion is  made  of  the  amount  of  load  put 
on  after  the  change.  To  keep  the  heat- 
ing of  brushes  and  commutator,  and  the 
commutation  good  the  current  should 
not  be  increased  at  a  greater  rate  than 
the  brush  contact  area.  Also  the  brush 
thickness  could  not  be  increased  more 
than  from  %  inch  to  %  inch  and  keep 
good  commutation.  The  origitial  rated 
current  on  125  volts  will  only  give  5  hp. 
Increasing  to  %  inch  brushes  would 
permit  7  hp  to  be  used.  The  changed 
armature  would  probably  stand  four 
times  rated  current  or  enough  to  give  20 
hp  but  the  commutation  limits  the 
amount.  Doubling  the  number  nf 
Tjrushes  (if  possible)  and  using  %  inch 
trush  would  give  a  limit  of  14  hp.  Since 
nothing  was  said  of  commutating  coils 
this  was  assumed  to  be  a  non-commu- 
tating  pole  motor.  M.S.H. 

1809 — Choke  Coils  for  LiGHTNiNG-|-We 
have  considerable  trouble  with  light- 
ning on  our  440  and  2200  volt  alter- 
nating-current lines  and  600  volt 
direct-current  lines.  We  use  arresters 
having  spark  gaps  and  resistances  but 
do  not  find  them  of  much  help.  We 
have  considered  installing  choke  coils 
but  as  some  of  our  lines  carry  several 
thousand  amperes  the  expense  is  large. 
We  have  noticed  that  where  our  lines 
enter  buildings  through  iron  conduit 
there  is  practically  no  trouble  bnt  when 
they  enter  through  porcelain  tubes  we 
are  constantly  in  trouble.  We  gather 
from  this  that  the  iron  pipe  acts  as  a 
choke  coil  and  we  are  planning  to 
make  all  our  entrances  through  iron 
conduit.  Will  you  please  give  your 
opinion  on  this  matter.  B.C.  (n.h.) 

It  is  a  well  known  fact  that  iron  con- 
duit docs  have  a  choking  effect  on  in- 
coming surges.  On  low  frequencies  this 
choking  effect  is  very  slight,  but  this 
effect  is  very  much  increased  on  high 
frequencies,  such  as  obtained  on  light- 
ning discharges.  The  inductance  of  this 
condnit  is  small  and  not  at  all  compar- 
able with  that  of  the  ordinary  choke 
<-oil,  but  its  effectiveness  is  much  in- 
creased by  the  eddy  current  and  hystere- 
sis losses  of  the  iron.  If  you  have  ob- 
tained the  desired  protection  from  this 
conduit,  even  though  its  choking  effect 
is  not  very  great,  it  would  be  desirable 
to  UiC  it.  G.C.D. 

1810  — Condenser  in  Series  with 
Transformer — What  is  your  opinion 
regarding  the  use  of  a  condenser  in 
scries  with  the  high  side  of  small 
transformers — to  prevent  them  burning 
out  when  direct-current  is  switched 
over  temporary  emergency.  This  ques- 
tion comes  up  from  burning  up  three 
bell  transformers  twice  in  the  past  six 
months  due  to  the  direct-current  being 
switched  on  while  repairs  were  being 
made  in  the  alternating-current  serv- 
ice— some  were  burglar  alarms  and 
were  dead  several  days.  We  have  a 
double-throw  switch  alternating-cur- 
rent on  one  side,  direct-current  on  the 
other  side.  This  is  a  very  large  build- 
ing, a  block  both  directions  and  nine 
floors,  so  you  see  when  we  are  told 
the  transformers  should  be  discon- 
nected it  sounds  foolish  to  us,  we  have 
bigger  things  to  look  after  at  these 
times.     Using   a   bell   transformer  in- 


tended to  operate  a  five  inch  alter- 
nating current  bell,  I  placed  three 
condensers,  -h  thick,  1^2  wide,  ,3^^ 
long  in  multiple,  but  all  in  series  with 
the  transformer.  With  a  buzzer  on 
the  low  side  no  difference  in  sound 
could  be  detected  with  or  without  con- 
densers. 
With  oue  condenser — the  buzzer  woulrl  not 

work. 
\Vith    two    condensers — the    buzzer    worked 

fair. 
With  three  condensers — the  buzzer  worked 


This  idea  was  suggested  from  bridg- 
irtg  magnetos  and  extensions  to  alter- 
nating-current bells  using  a  condenser 
to  prevent  talk  current  going  through 
ringing  circuit  of  phones.  I  men- 
tioned my  idea  to  two  electrical  en- 
gineers, one  said  it  would  not  work, 
the  other  did  not  know.  Possibly 
owing  to  the  condenser  causing  a  lead- 
ing current  —  more  current  passes 
through  the  transformer  than  safety 
or  economy  would  warrant.  Three 
ampere  plug  fuses  did  not  protect  the 
transformer  from  burning  out  when 
the  direct-current  was  switched  on  as 
mentioned.  We  burnt  out  some  fan 
motors  too,  which  were  in  out-of-way 
places,  a  few  left  on  during  winter  in 
warm  places.  Probably  a  condenser 
in  circuit  with  the  small  fans  would 
be  practical.  I  have  saved  enough 
tinfoil  off  tape  to  make  a  number  of 
condensers  and  as  the  tension  is  low 
no  impregnating  would  be  necessary. 

J.E.M.    (MICH.) 

Condensers  in  series  in  the  high  volt- 
age side  of  small  transformers  should 
operate  satisfactorily  providing  the  volt- 
age developed  across  the  condenser  is 
not  too  great  when  carrying  the  maxi- 
mum load.  This  voltage  can  be  cal- 
culated as  follows: — 
/ 

^     2lTfC 

Where 

/  =  load  current  in  amperes. 

/  =  frequency  of  supply,  cycles  per 
second. 

C  =  capacitance  of  condensers  in 
farads. 

^  =  3.1416. 

The  limit  for  this  voltage  cannot  be 
stated  definitely  but  should  not  in  gen- 
eral exceed  20  to  25  percent  of  normal 
supply  voltage.  j.f.I'. 

1811 — Power-Factor  Correction  with 
Rotary  Converter — Just  what  effect 
does  a  5  to  7  percent  reduction  in  volt- 
age have  on  the  power-factor  correc- 
tive effect  of  a  three-phase  rotary- 
converter.  Is  it  commercially  possible 
to  maintain  95-100  percent  power- 
factor  on  a  converter  used  for  coal 
mining  work  where  the  loads  vary 
from  20  to  60  percent  of  full  load 
without  a  likelihood  of  damage  to 
windings  due  to  excessive  heating? 

F.G.F.    (W.VA.) 

See  article  on  "Synchronous  Motor 
Operation",  Aug.  1917,  p.  313;  also 
"Power-Factor  Correction  by  Rotary 
Converters",  Feb.  igi2,  p.  150;  also 
"Power-Factor  Limitations  of  Rotary 
Converters",  Sept.  1913,  p.  882.  If  a 
converter  is  operating  with  its  field 
excitation  adjusted  to  give  unity  power- 
factor  and  has  its  applied  voltage  re- 
duced, it  will  be  over-excited  and  will, 
therefore,  cause  the  power- factor  of  the 
line  to  be  leading.  The  amount  of  this 
change    in    power-factor,     for    a    given 


change  in  \oltage,  depends  largely  on 
the  saturation  in  the  magnetic  circuits. 
If  the  machine  is  already  over-excited, 
so  as  to  correct  for  lagging  power-factor 
in  the  line,  the  corrective  effect  will  be 
increased  by  the  reduction  in  voltage; 
while,  if  the  machine  is  under-excited, 
so  as  to  correct  for  leading  power-factor 
in  the  line,  its  corrective  effect  will  be 
decreased  by  the  reduction  in  voltage. 
A  machine  of  normal  design  proportions 
operating  at  unity  power-factor,  full 
load,  will  change  to  about  97  or  98  per- 
cent power-factor,  leading,  when  the 
applied  voltage  is  reduced  7  percent ; 
and,  when  operating  at  95  percent  power- 
factor  leading,  will  change  to  about  91 
or  92  percent,  when  the  voltage  is  re- 
duced 7  percent.  It  would  hardly  be 
possible  to  maintain  the  power-factor  on 
a  compound-wound  machine  any  better 
than  the  value  of  95  to  100  percent,  as 
given  above,  on  a  load  variation  of  20 
to  60  percent,  without  regulating  the 
shunt  field.  This  will  depend  largely  on 
the  strength  of  the  series  field.  By  ad- 
justing the  shunt  field  so  as  to  give  unity 
or  slightly  leading  power-factor  at  the 
high  load,  the  heating  at  the  lighter  loads 
due  to  the  decreased  power-factor, 
should  not  be  injurious.  m.w.s. 

1812 — Starting  Rotary  Converter — In 
starting  an  iioo  kw,  synchronous  ro- 
tary converter  from  a  600  volt  bus, 
direct-current,  in  what  states  are  the 
shunt  and  series  field  in  relation  to 
one  another?  h.mc.   (n.J.) 

Under  normal  operating  conditions, 
the  magnetizing  force  of  the  series  field 
adds  to  that  of  the  shunt  field.  How- 
ever, when  the  machine  is  being  started 
from  the  direct-current  side  (with  the 
field  windings  connected  as  before)  the 
direction  of  the  currents  in  the  series 
and  shunt  windings  are  such  that  the 
series  field  bucks  the  shunt  field.  Then, 
to  get  a  greater  starting  torque,  or,  in 
other  words,  to  start  the  machine  with 
a  smaller  current,  the  series  field  should 
be  short-circuited,  or  preferably  re- 
versed, during  starting.  However,  the 
current  required  on  starting  is  so  small 
(usually  not  more  than  10  or  15  percent 
of  full  load)  that  the  bucking  effect  of 
the  series  field  hardly  warrants  the  extra 
switching  equipment  required  to  short- 
circuit  or  reverse  the  series  field. 

M.w.s. 

1813 — Dudley  Article — In  your  Decem- 
ber, 1917  issue,  bottom  of  p.  508,  Mr. 
Dudley  says  that  the  no-load  current 
of  an  induction  motor  should  be  be- 
tween 20  and  40  percent  of  full-load 
current.  I  find  that  this  statement  is 
true  when  it  is  applied  to  motors  with 
squirrel  cage  rotors,  but  far  from 
accnratc  for  wound-rotor  motors. 
Why  should  the  currents  be  diflferent 
and  what  is  the  true  ratio  for  the 
wound   rotor  motor  current? 

J.H.B.  (wyo.) 
It  should  be  noted  that  the  magnetizing 
current  will  vary  between  the_  limits  'of 
20  and  40  pcrceiU  of  full-load  current 
only  on  squirrel-cage  motors  which  have 
a  continuous  rating  and  which  do  not 
have  more  than  12  or  14  poles.  If  the 
motor  has  a  greater  number  of  poles  or 
is  designed  for  a  high-torque  short-time  . 
rating,  the  magnetizing  current  will  ex- 
ceed these  values  and  under  extreme 
conditions  may  be  as  high  as  go  percent 
of  full-load  current.  The  winding  in  a 
wound  rotor  is  usually  wound  through 
the  top  of  the  slot  while  a  squirrel  cage 
bar  is  put  in  from  one  end.     This  makes 


VHE  ELECTRIC  JOURNAL 


467 


the  opening  of  a  wound  rotor  slot  wider 
than  a  squirrel  cage  rotor  slot  and  has 
the  effect  of  a  longer  air-gap  which  in- 
creases the  magnetizing  current.  For 
this  reason,  wound  rotor  motors  will 
have  approximately  1$  to  20  percent 
more  magnetizing  current  than  the 
corresponding  squirrel  cage  motor. 

c.w.K 

1814 — Pounds-Feet  Torque — It  aKva\s 
seems  to  me  that  torque  in  pound?- 
feet  is  about  as  meaningless  and  as 
confusing  as  poundals,  etc.  and  that 
torque  in  synchronous  watts  w'ould  Ik- 
hatter,  since  poles  and  frequency  would 
not  need  to  be  known.  I  have  seen 
test  sheets  where  frequency  was  for- 
gotten and  poles  could  not  be  deter- 
mined. What  would  the  formula  lie 
for  torque  in  synchronous  watts? 
Also  for  added  resistance  in  a  pha<c- 
wound  motor?  l.p.r.  (ontakio) 

By  definition,  the  torque  in  synch  nm- 

ous  watts  is   the  power  that  would   be 


delivered  by  a  given  torque  in  pound- 
feet,  operating  at  synchronous  speed. 
This  application  is  general  and  may  be 
applied  to  A-C.  or  D-C.  machinery. 
However,  synchronous  speed  must  be  the 
speed  at  which  the  impressed  e.m.f. 
exactly  equals  the  counter  e.m.f.,  and 
no  current  flows  through  the  armature 
circuit. 

Torque  in  synchronous  iiiatls  =  1.42 
X  synchronous  speed  X  torque  in  Ih.-ft. 

For  an  induction  motor  the  synchron- 
ous speed  is  determined  by  the  fre- 
quency and  number  of  poles,  so  the 
formula  reduces  to : — 

Torque  in  syn.  watts  =  171  X  \  < 
torque  in  Ib.-ft. 

Torque  in  synchronous  watts  may  also 
be  expressed : — 

%  sup 

Torque  m  syn.  watts  =^  ~Rotor  PI' 

When  resistance  is  added  to  the  cir- 
cuit of  a  wound  rotor  the  PR  loss,  at 


any  given  torque  in  pound- feet,  is  di- 
rectly increased.  However,  the  slip  is 
also  proportionally  increased  so  there 
will  be  no  change  in  the  torque  in  syn- 
chronous watts. 

Where  torque  in  synchronous  watts  is 
known,  torque  in  pound- feet  may  be  de- 
termined as  follows : — 

Torque  in  pound-feet  =r  0.0587  X  "7 
X  torque  in  syn.  watts. 

It  will  be  noted  that  the  above 
formulae  require  that  the  synchronous 
speed,  poles  and  frequency,  and  torque 
in  pound- feet  be  known,  therefore,  has 
no  advantage  over  the  value  of  torque 
in  pound-feet.  Rotor  PR  loss  is  very 
difficult  to  obtain  so  the  second  formula 
is  of  no  practical  value.  Torque  in 
pound-feet  is  in  general  use  and  is  the 
fundamental  conception  of  the  forces 
exerted  on  a  conductor  in  a  magnetic 
field  and  carrying  a  current.  The  term 
"torque"  is  an  expression  of  force  and 
is  independent  of  motion.  H.L.s. 
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Does  it  Pay  to  Dip  and  Bake  Armatures? 


THIS  QUESTION  was  recently  asked  one  of  the  operat- 
ing officials  of  a  large  holding  company,  controlling  a 
number  of  street  railway  properties  in  some  of  the  larger 
size  cities  throughout  the  New  England  states.  An  affirmative 
reply  was  given,  and  the  following  data  presented  as  evidence 
to  confirm  their  belief  that  it  does  pay  to  dip  and  bake  arma- 
tures. 


NUMBER  OF  ARMATURE  FAILURES 


Months 
1918    June 
July 
August 
September 
October 
November 
December 


1919 


January 

February 

March 

April 

May 

June 

July 


Cit; 

157 
150 
219 
no 
83 
55 


A 


City  I 

95 
77 
108 
64 
37 
25 
25 

8 
16 
16 
17 
27 
27 
19 


City  C 


Qty      Population 
A 
B 
C 


Equipments  Operated 
80  Quadruple  and  78  Double  Equipments 
70  Quadruple  and  62  Double  Equipm  nts 
74  Quadruple  Equipments 


130000 
100000 
75000 

.  .  The  above  figures  were  taken  from  the  weekly  report  of 
all  mechanical  and  electrical  armature  failures  of  the  various 
indicated  city  properties.  These  weekly  records  were  combined 
under  months,  all  of  which  include  four  weekly  reports,  except 
August  and  November  1918,  and  March  and  May  of  1919,  \  h:ch 
includes  five  weekly  reports.  On  these  properties,  syster.iatic 
dipping  and  baking  was  started  in  July  1918. 

The  curves  shown  in  Fig.  i  have  a  decided  upward  trend 
during  the  month  of  August  1918,  which  is  partly  due  to  the 
fact  that  this  month  contains  five  weekly  reports.  A  further 
possible  explanation  for  this  might  be  the  operation  of  a  large 
number  of  extra  open  cars  put  in  service  during  the  surimer 
months.  After  this  month,  there  is  a  continuous  drop,  which 
the  operators  seem  satisfied  is  due  largely  to  the  dipping  and 
baking  of  their  armatures.     Whether  this  treatment  of  dipping 


and  baking  would  show  itself  so  effectively  in  so  short  a  time, 
is  a  debatable  question,  and  would  depend  upon  how  soon  all 
the  armatures  were  treated,  the  weather,  and  local  service  con- 
ditions. 

In  general,  on  most  street  railway  properties,  the  total  arma- 
ture failures  are  sub-divided  as  follows : — mechanical  75  percent 
and  electrical  25  percent ;  however,  on  these  properties,  they 
report  a  reverse  condition,  or  25  percent  mechanical  and  75 
percent  electrical.  This  being  the  case,  when  dipping  and  bak- 
ing was  started,  the  electrical  failures  were  immediately  cut 
down  and  resulted  in  such  a  remarkably  good  showing. 


FIG.    I — EFFECT    OF    DIPPING    AND    BAKING    ON    ARMATURE    FAILURI%S 
IN   THREE    NEW    ENGLAND   CITIES 

The  procedure  followed  in  dipping  and  baking  armatures 
on  these  properties  is : — 

I — Heat  the  armatures  about  10  hours  at  100  degrees  C. 

2— Dip  in  a  high  grade  baking  varnish,  with  the  pinion  end 
dowii  to  keep  the  commutator  from  getting  covered  with  the 
varnish. 

3— Drain  off  the  excess  varnish  while  the  armature  is  in 
a  vertical  position. 

4 — Bake  at  no  degrees  C.  for  from  25  to  30  hours. 

J.  S.  Dea.n. 
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Lubrication  of  Control  Apparatus 


IN  THE  APPLICATIOX  of  mechanical  movements  to  ob- 
tain various  lunctionings  where  hinged  or  sHding  action 
are  required,  friction  is  sure  to  occur.  In  some  cases  the 
friction  is  a  hindrance  and  in  others  a  help  in  obtaining  the 
required  result.  Practically  all  control  apparatus,  whether  of 
the  pneumatic  switch,  magnetic  contactor,  drum  type  or  a  com- 
bination of  drum  and  contactor,  have  both  the  good  and  the 
bad  qualities  of  friction. 

LOSS   OCCASIONED   BY   FRICTION 

An  inherent  characteristic  of  friction  is  loss  of  power 
due  to  heat.  When  designing  apparatus  of  any  form,  whether 
for  railway  or  other  uses,  it  is  the  aim  of  the  engineer  to  elim- 
inate as  far  as  possible  all  detrimental  friction  for  this  cause. 
Heating  other  than  that  brought  about  by  PR  losses  being  the 
direct  outcome  of  friction,  indicates  the  binding  of  parts  and 
results  in  sluggish  action  of  the  moving  details. 

INJURIOUS  TRICTION 

Practically  all  friction  can  be  classed  as  injurious  and 
wasteful,  inasmuch  as  it  indicates  wearing  of  parts,  depreciation 
of  the  machine  as  a  whole  and  loss  of  power.  The  action_  of 
either  electropneumatic  or  electromagnetic  power  interrupting 
switches,  in  which  speed  of  opening  is  very  essential,  may  be 
impaired  to  a  considerable  extent  by  undue  friction.  This  is 
especially  true  of  those  switches  whose  operating  energy  de- 
creases rapidly  with  drop  in  line  voltage. 

All  moving  parts  employing  hinge  pins,  roller  or  sliding 
action  to  accomplish  a  given  purpose,  include  injurious  friction 
in  various  degrees,  which  causes  a  waste  of  both  material  and 
energy.  In  the  pneumatic  switch  itself,  this  friction  is  obtained 
in  both  the  hinge  and  sliding  form,  while  in  the  magnetic  type 
only  the  hinge  friction  is  found.  However,  any  disadvantage 
obtained  by  the  sliding  friction  of  the  pneumatic  switch  is  over- 
balanced by  the  greater  pressure  at  the  contact  jaws.  With 
the  drum  type  of  controllers,  only  the  hinge  form  of  injurious 
friction  is  obtained,  which  occurs  at  the  bearings  of  the  drum 
shafts. 

USEFUL    FRICTION 

There  are  certain  cases  where  friction  is  a  help  rather  than 
a  hindrance  in  obtaining  definite  results  from  particular  designs 
of  apparatus.  With  practically  all  types  of  switches,  whether 
of  the  electropneumatic,  electromagnetic,  drum  type  and  even 
the  ordinary  knife  switch,  the  friction  obtained  in  operation  is 
used  lo  a  considerable  advantage.  In  these  instances  the 
friction  supplies  a  wiping  action  on  the  current-carrying  parts, 
insuring  a  bright  clean  contact  surface.  The  elimination  of 
pits  is  particularly  advantageous,  as  it  prevents  the  occurrence 
of  hot  spots  due  to  poor  contact.  Corrosion  of  contact  surfaces 
exposed  to  gases  is  also  overcome.  The  amount  of  wiping 
action  obtained  is  usually  limited  to  the  amount  of  power 
available  for  operating  the  switching  device,  and  a  proper 
balance  between  the  amount  of  wear  and  clean  contact  surface 
required.  Considering  the  case  of  the  drum-type  controller, 
however,  it  should  be  understood  that  with  the  advantage  of 
clean  contact  surface,  the  disadvantage  of  undue  wear  of  the 
contact  plates  may  also  be  obtained.  The  cause  of  this  is 
easily  recognized  as  friction  is  directly  proportional  Co  p^e^- 
sure,  the  pressure  being  obtained  with  heavy  finger  springs  and 
close  adjustment.  Interlock  contacts  may  be  cited  as  another 
example  of  useful  friction,  as  the  pressure  between  the  fingers 
and  the  plate  is  usually  low  and  the  voltages  not  very  high. 
A  dirty  contact  under  these  conditions  would  be  likely  to  give 
trouble  were  it  not  for  the  wiping  friction. 

OILING   OF  PARTS  HAVING  USEFUL  FRICTION 
As  a  general   rule,  no  great  amount  of  attention  need  be 
paid  to  lubrication  of  parts  employing  useful  friction,  if  heavy 
arcing  duty  is  obtained,  as  the  heat  of  the  arcs  would  very  soon 
destroy  any  lubricating  qualities  of  the  lubricant  used. 

For  such  parts  as  reverser  drums,  and  K  controllers,  where 
the  arcing,  if  any,  is  usually  small,  or  very  infrequent,  consider- 


able pains  should  be  taken  t(j  keep  all  wearing  parts  well  lubri- 
cated. The  lubricant  in  these  cases  should  be  vaseline,  which 
should  not  be  spread  on  too  thicklj-,  as  it  is  only  a  waste  of 
material  and  creates  dust  and  dirt-collecting  spots. 

With  such  apparatus  as  reverser  drums,  the  use  of  too 
much  lubrication  causes  a  decrease  of  creepage  insulation  sur- 
faces, due  to  the  copper  dust  and  dirt  retained  by  the  vaseline. 
Low  voltage  control  circuits,  whether  on  drums  or  on  inter- 
locks, require  thin  oil  instead  of  vaseline. 

In  the  case  of  A'  controllers  and  other  drum  apparatus,, 
some  advancement  has  been  made  in  the  continuous  oiling  of 
contacts  by  means  of  pockets  in  the  back  of  the  contacts  con- 
taining an  oil  soaked  wick  or  felt.  A  hole  is  drilled  through' 
the  contact  to  the  pocket.  The  bad  feature  of  this  method  is 
called  to  attention  by  the  fact  that  the  holes  very  often  become 
clogged  and  the  lubricant  ceases  to  function.  Frequent  inspec- 
tion, however,  will  take  care  of  this  trouble.  A  free  flowing 
oil  should  be  used  for  saturating  the  wick  or  felt.  For  the 
interlock  contacts  a  slight  amount  of  vaseline  may  be  put  on 
in  a  thin  coat. 

OILING    or    PARTS    HAVING    USELESS    FRICTION 

All  parts  of  control  apparatus,  such  as  hinge  pins,  bearings 
as  encountered  in  drum  controllers,  and  wearing  surfaces,  other 
than  arcing  tips  should,  under  all  conditions,  be  kept  oiled  to 
prolong  their  life.  The  hinge  pins,  however,  having  a  bearing 
of  brass  or  copper  on  steel  have  been  known  to  run  lor  year- 
without  appreciable  wear  and  little  oil.  The  sliding  bearings, 
however,  give  greater  satisfaction  if  kept  well  oiled  and  free 
from  dirt.  In  oiling  all  such  parts  as  hinge  pins,  sliding  bear- 
ings and  even  roller  bearings,  a  light  grade  of  machine  oil 
should  be  used.  It  is  unnecessary  to  recommend  any  particular- 
oil  for  this  part  of  the  apparatus,  as  there  are  several  good,- 
wcll  known  grades  on  the  market. 

OILING    OF    CYLINDERS 

Practically  all  air-operating  cylinders  giving  satisfactory 
service  have  their  pistons  equipped  with  some  form  of  piston 
leathers.  To  keep  the  pistons  working  freely  in  the  cylinder- 
it  is  necessary  that  proper  attention  be  paid  to  lubrication,  or 
sluggish  action  will  most  certainly  occur,  especially  on  low  air- 
pressures. 

After  several  years  experience  with  pneumatic  cylinders, 
it  has  been  found  that  piston  leathers  require  a  special  grade- 
of  oil  to  give  them  long  life  and  smooth  operation  undei  prac- 
tically all  conditions  of  weather.  With  some  oils  the  leathers 
soon  rot  away.  Other  oils  flow  freely  in  warm  weather  and' 
gum  up  in  cold  weather.  Profiting  by  past  experience,  a  special 
grade  of  oil  has  been  obtained  which  is  known  as  HL  oil  for 
cylinders  employing  piston  leathers.  The  use  of  the  wronp 
kind  of  oil  cannot  be  too  strongly  condemned,  as  the  results 
obtained  from  their  use  are  rather  trying  and  expensive. 

Piston  leathers  are  made  in  the  form  of  a  cup  and  are 
treated  with  a  softening  compound.  Should  they  be  neglected' 
in  service,  they  soon  dry  out  and  crack,  giving  rise  to  leaky 
pistons.  Oiling  should  take  place  about  every  2000  miles  for 
intcrurban  equipments  and  every  i  500  miles  for  city  cars. 
Only  a  small  amount  of  oil  should  be  used,  as  an  excessive 
amount  soon  clogs  the  valves. 

TIME    OF    OILING 

a — Stvitch  Parts — With  inspection  based  on  a  2000  mile 
period,  all  switch  parts  should  receive  attention  about  cver\'- 
fourth  inspection. 

b — Drums  and  Interlocks — The  condition  of  interlocks,  re- 
verse drums  and  K  controller  drums  should  be  noted  at  every- 
inspcction  and  lubricant  added  as  required. 

c — Switch  Cylinders  and  Drum  Cylinders — The  necessity 
for  oiling  piston  leathers  will  become  very  apparent  should  it 
be  neglected  for  any  length  of  time.  Switches  will  become 
sluggish  and  leathers  leaky.  A  small  amount  of  ///,  oil  should' 
be  injected  into  the  cylinders  about  once  a  month  and  oftener" 
if  the  action  of  the  switches  indicates  the-  need. 

H.  K.  Mkyi'.r. 
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Centralized  control  of  the  operation 
The  Function"^    of    central    station    systems   becomes 

of  the  essential    as    soon    as    two    or    more 

Load]  power  plants   are   to   be   operated   in 

Dispatcher  parallel  or  the  transmission  network 
makes  it  possible  to  feed  substations 
over  two  or  more  routes.  .Accordingly,  the  office  of 
load  dispatcher  or  system  operator  has  been  established 
in  nearly  all  large  power  systems  for  the  purpose  of 
providing  a  directing  head  for  the  operation  of  the 
generating  and  transmission  system. 

The  function  of  the  load  dispatcher  is  to  provide  a 
supply  of  power — adequate  in  quantity  and  satisfactory 
in  quality — to  meet  the  requirements  of  all  consumers 
connected  to  the  system.  The  chief  advantages  to  be 
gained  through  the  establishment  of  a  load  dispatching 
office  are :  first,  improvement  in  continuity  and  quality 
of  service ;  and  second,  economy  of  operation.  Having 
the  resources  of  the  entire  system  at  his  command,  the 
load  dispatcher  will  plan  the  grouping  of  the  lines  and 
stations  so  as  to  protect  all  service  to  the  greatest  degree 
possible.  When  interruptions  do  occur,  by  his  close 
touch  with  all  stations,  he  is  able  to  restore  service  in 
the  minimum  possible  time.  He  is  further  able  to 
supervise  the  system  frequency,  and  to  correct  any  un- 
workable voltage  by  a  re-arrangement  of  the  loading 
and  grouping  of  the  lines.  He  thus  becomes  a  very 
important  factor  in  maintaining  the  high  standards  of 
service  now  set  by  central  station  systems. 

Through  his  centralized  control  of  operations,  the 
load  dispatcher  is  also  able  to  schedule  the  power  gen- 
erating machinery  at  the  various  stations  so  as  to  attain 
the  maximum  economy  of  production.  He  is  further 
able  to  divide  the  load  properly,  so  as  to  get  the  maxi- 
mum possible  service  from  the  transmission  lines  avail- 
able. Thus  he  becomes  an  important  agent,  not  only 
in  reducing  the  power  costs,  but  also  in  reducing  the 
investment  required  in  the  transmission  system.  In  a 
word,  through  the  activities  of  the  load  dispatcher,  im- 
portant improvements  in  quality  of  service  are  attained 
and  the  cost  of  power  is  reduced. 

The  equipment  for  performing  this  work,  consists 
fundamentally  of  special  communicating  equipment  by 
which  the  dispatcher  can  keep  in  constant  touch  with  all 
parts  of  the  system ;  and  of  suitable  diagrams  and 
charts  by  which  he  may  know  the  load  being  carried, 
generating  capacity  in  use,  position  of  switches,  etc. 
Ideally,  the  diagram  would  be  a  complete  chart  of  the 
entire  system,  directly  connected  to  the  actual  equip- 
ment, so  as  to  record  automatically  the  loads  carried  at 
all  stations  and  the  operation  of  all  switches.  In  prac- 
tice such  a  system  is  impracticable.  In  many  instances, 
however,  the  ideal  has  been  partially  obtained  b)'  mak- 
ing some  of  the  more  important  switches  record  their 


operations  automatically.  Where  the  indications  on  the 
diagram  as  to  open  or  closed  switches,  etc.,  are  made  by 
hand,  a  rigid  discipline  for  the  dispatcher  handling  the 
system  is  necessary,  for  unless  all  changes  are  promptly 
recorded,  the  diagram  becomes  inaccurate  and  loses 
most  of  its  value. 

The  load  dispatching  system  of  the  Philadelphia 
Electric  Company,  described  in  this  issue,  is  one  of  the 
most  complete  in  existence.  The  signal  lights,  being 
controlled  from  a  keyboard  at  the  dispatcher's  desk,  can 
be  conveniently  operated  immediately  on  receipt  of  tele- 
phone notification,  an  arrangement  as  near  to  the  ideal 
of  purely  automatic  operation  as  can  reasonably  be  at- 
tained in  practice.  The  "section  unit"  of  panels  is  also 
a  very  desirable  feature,  since  it  provides  the  flexibility 
and  room  for  growth  which  is  so  essential  to  any  rapidly 
growing  central  station  system.  E.  C.  Stone 


A  prominent  business  man  said  some 
Industrial  months  ago  that  the  outstanding  con- 
Adaptation  tribution  America  made  to  the  win- 
in  the  War  nii^g  of  the  war  was  the  mobilization 
of  her  industries.  Our  industrial  re- 
sources were  feared  by  Germany  even  before  we  entered 
the  war,  but  their  contribution  to  the  Allied  cause  be- 
fore April  191 7  was  but  feeble  compared  to  that  after 
we  came  in  and  all  our  industrial  establishments  had  but 
one  ultimate  object — "To  Win  the  War". 

.So  far  as  possible  each  organization  undertook  the 
task  nearest  in  line  with  its  normal  activities.  Shells 
and  grenades  were  turned  out  by  those  who  had  the 
mechanical  equipment,  and  particularly  the  organization 
for  it.  The  same  was  true  of  airplane  supplies  and  the 
thousand  other  requirements  of  modern  warfare. 

Soon  after  our  country  entered  the  war  an  appeal 
came  to  the  Westinghouse  Company  to  provide  facilities 
for  spinning  and  destructive  tests  of  airplane  propellers. 
Spinning  speeds  from  zero  to  2500  r.p.m.  were 
provided  for,  with  facilities  for  measuring  the  power 
taken  and  the  deflections  of  the  propeller  blades.  A 
total  of  over  150  separate  test  runs  were  made,  many  of 
them  driving  the  propeller  to  destruction.  These  tests 
were  made  for  both  the  Army  and  Navy  aviation  or- 
ganizations and  covered  a  period  from  November  191 7 
to  December  1918.  The  evidence  disclosed  by  these 
tests  showed  the  desirability  of  propellers  better  adapted 
to  withstand  abrasion,  heat  and  moisture. 

The  description  given  in  this  issue  by  Mr.  N.  S. 
Clay  of  a  type  of  propeller  developed  during  tliese  tests 
and  in  response  to  this  need  is  an  example  of  the  special 
eflfort  put  forth  by  American  industry  on  lines  more  or 
less  alien  to  its  normal  activities,  in  order  that  no  pos- 
sible assistance  to  bur  fighters  across  the  sea  should  be 
left  unsupplied.  R.  P.  Jackson 
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r-piHE  PHILADELPHIA  Electric  Company  system 
I  includes  that  of  the  Philadelphia  Electric  Com- 
■*•  pany,  serving  all  the  territory  within  the  city 
limits  of  Philadelphia ;  the  Bala  &  Merion  Electric  Com- 
pany, serving  several  suburbs  in  Montgomery  County ; 
and  the  Delaware  County  Electric  Company  serving 
Chester  and  most  of  Delaware  County  to  the  southwest 
of  Philadelphia.  Directly  and  indirectly  through  other 
utilities,  the  Philadelphia  Electric  Company's  system 
supplies  light  and  power  to  a  territory  40  miles  long,  ex- 
tending along  the  Western  shore  of  the  Delaware  River 
from  Bristol,  on  the  north,  to  the  Delaware  state  line, 
on  the  south. 

A  total  of  approximately  360  000  kw  combined 
light  and  power  connected  load  is  supplied  throughout 
this  territory  from  nine  steam  generating  stations,  hav- 
ing an  aggregate 
generating  capacity 
of  240  000  kw. 
For  the  distribu- 
tion of  the  load, 
356  miles  of  trans- 
mission lines  a  t 
6600,  13  200,  and 
66000  volts  are 
i  n  use,  together 
with  27  company 
substations  and  30 
industrial  substa- 
tions. 

The  Schuylkill 
stations  No.  i  and 
No.  2  (140000 
kw)  in  Philadel- 
phia and  the  new 
Chester    station 

(60000  kw  now  and  having  an  ultimate  capacity  of 
120000  kw)  are  connected  through  a  66000  volt 
double-circuit  steel  tower  transmission  line,  which  acts 
both  as  a  tie  line  and  feeder  line,  su])plying  the  most 
important  shipyard  and  industrial  plants  along  the 
Delaware  River.     The  Delaware  station,  on  which  work 


LOAD  DISPATCHING 

The  load  control  of  any  electric  light  and  power 
utility  requires  the  co-ordination  of  the  complicated 
functions  of  production,  transmission,  and  transform- 
ation of  the  electrical  energy  to  meet  at  all  times  the  re- 
quirements of  the  service,  and  above  all  to  insure  a 
continuous  and  adequate  supply  throughout  the  entire 
system  to  all  customers.  It  is  obvious  that  where  the 
load  control  of  a  system  is  distributed  among  a  number 
of  supervisors,  confusion  in  the  operation,  delays  in  the 
service,  misinterpretation  of  orders  and  conflicting  and 
sometimes  dangerous  moves  are  to  be  expected  from  the 
operators,  whereas  a  central  control,  with  close  and 
comprehensive  supervision  of  this  important  part  of  the 
service,  insures  operation  with  a  maximum  of  safety 
and  efliciency. 

The  nature  of 
the  service  ren- 
dered to  the  public 
admits  of  no  de- 
lays, and  no  fail- 
ure. Power  must 
be  available  at  any 
and  all  times,  as 
required  by  the 
1  iistomers,  without 
warning  or  notice 
I'vior  to  its  use,  and 
I  he  public  utility 
i  must  hold  itself 
ready  to  render  the 
service  every  min- 
ute, day  or  night. 

The  service  must 
lie     rendered     i  n  - 
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stantly  from  the 
generating  source  to  the  customer's  premises  with  no 
delay  in  transit.  The  kilowatt-hours  of  modern  prac- 
tice cannot  be  stored  or  loaded  on  a  car  and  placed  on  a 
siding,  awaiting  shipment  to  a  customer,  like  other  mer- 
chandise or  commodities.  The  performance  is  con- 
_         _  tmuous   from  producer  to  user,  both  being  intimately 

has  been  started,  is  located  in  the  proximity  of  the  cen-  and  directly  connected  by  the  intervening  system^  of 
tral  section  of  Philadelphia  on  the  Delaware  River. 
When  completed,  it  will  have  a  capacity  of  180  000  kw. 
The  system  of  generating  plants,  substations,  and 
feeders  is  shown  in  Fig.  2.  Part  of  the  load  supplied 
from  this  system  is  that  required  by  the  electrification 
of  the  Pennsylvania  Railroad  and  part  of  the  require- 
ments of  the  Philadelphia  Rapid  Transit  Company,  as 
well  as  some  other  traction  .systems  and  utilities. 
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transformation  and  distribution  through  which  the  elec- 
trical energy  is  delivered. 

The  planning  work  of  the  electrical  load  dispatcher 
re(|uires  the  most  thoughtful  and  careful  consideration 
in  every  one  of  its  minute  details,  together  with  a  per- 
fect knowledge  and  ac(|uaintance  with  the  operating 
personnel :  with  the  eciuipment  of  the  system  and  its 
conditions,    capacity    and    ])erformance    characteristics. 
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and  in  addition  a  clear  vision  of  the  load  requirements 
of  the  system.  Weather  conditions,  industrial,  com- 
mercial, civic  and  social  activities  are  all  elements  which 
enter  into  the  daily  problems  confronting  the  load  dis- 
patcher, and  the  intricacies  of  the  office  are  often  com- 
plicated by  emergencies  arising  from  unexpected  de- 
mands, system  or  customer  troubles  and  failures,  all  of 
which  require  prompt  solution,  good  judgment,  a  cool 
head  and  judicious  treatment.  It  is  therefore  of  prime 
importance  that  the  load  dispatcher  have  at  his  com- 
mand a  system  and  method  by  which  the  performance 
of  his  duties  can  be  carried  out  effectively  and  with  full 
security. 

Different  methods  of  load  dispatching  have  been 
used  in  the  past  by  the  Philadelphia  Electric  Company, 
until    the   growth   of    the   system   made   necessary   the 
formulation  of  a  comprehensive  and  adequate  system, 
having   sufficient   flexibility   to   be   amenable   to   subse- 
quent   changes    or    increases    of    load,    and 
further  expansion  of  the  system  in  general ; 
while   at   the   same   time   offering   additiona 
guarantees  of  reliability,  simplicity  and  speed 
of  operation. 

To  that  end,  instead  of  the  conventional 
wall  maps  or  line  diagrams,  a  sectional  unit 
system  of  panels  similar  to  a  central  station 
switchboard  was  adopted,  the  condition  of 
each  piece  of  apparatus  or  switch  to  be  con- 
trolled being  indicated  by  lights  or  plugs  ac- 
cording to  a  definite  schedule. 

This  board,  shown  in  Fig.  i,  is  lo- 
cated in  the  load  dispatcher's  room  at  the 
main  office  building  of  the  company  at 
loth  and  Chestnut  Streets. 
It    consists    of     105     steel 
panels,  each   11    by    16   in. 
and    one    eighth    in.    thick, 
finished  in  dull,  dark  green, 
baked-on   enamel,   the    line 
diagrams  and  markings  be- 
ing    o  f      white     celluloid 
cemented     on     the     panel. 
Spare   panels   are   left    for 
future  additions. 

The  panels  are  mounted 
on  a  steel  frame  work  with 
a  wooden  framing  front 
and  sides  of  mahogany 
finish,  including  a  top  cor- 
nice and  a  sub-base  28  in.  high,  projecting  16  in.  in 
front  of  the  board,  and  covered  with  green  linoleum,  so 
as  to  permit  of  reaching  any  part  of  the  upper  panels 
when  necessary.  Inside  of  the  sub-base  are  located 
the  contact  boards  and  fuses  controlling  the  indicating 
lamps  of  the  panels. 

The  board  is  crescent  shaped,  being  20  ft.  long  and 
10  ft.  high  from  the  floor  line.  It  allows  for  future  ex- 
tension to  double  its  present  capacity,  and  will  ulti- 
mately have  a  semi-circular  form,  giving  a  full  and  uni- 


form view  of  the  entire  board  to  the  load  dispatcher  and 
operators  sitting  in  the  center  at  the  control  desk.  Full 
access  to  the  front  and  rear  of  the  board  is  thus  ob- 
tained for  its  operation  and  maintenance,  as  illustrated 
in  Fig.  4. 

Each  station  has  its  separate  panel  or  set  of  panels, 
which  are  arranged  both  geographically  and  according 
to  the  class  of  service  supplied.  The  generating  station 
panels  are  located  at  the  lower  end,  then  the  interven- 
ing substations  or  switching  devices  and  finally,  near  the 
top,  the  industrial  or  large 
customer  substation  panels. 
On  each  panel  all  the  ap- 
paratus of  importance  to 
load  dispatching  is  neatly 
indicated  in  accordance 
with  a  standard  and  simple 


iTRlAL    SUBSTATION 
13  200    VOLT    FEEDERS,    25    AND 
6  000    VOLT    FEEDERS.   60   CYCLE 
25   CYCLE 


-OUTLINE    MAP   OF   THE    SYSTEM    OF   THE 
PHILAnELPHIA    ELECTRIC  COMPANY 


legend  of  symbols;  a  circle  for  rotating  ap- 
paratus, a  square  for  a  transformer,  a  circle  and 
square  for  rotating  apparatus  connected  through  a 
transformer,  a  rectangle  for  a  turboalternator,  etc.,  as 
shown  in  Fig.  6.  Each  piece  of  apparatus  and  panel  is 
plainly  numbered  and  marked.  In  addition,  when  the 
circuit  is  alive,  the  indicating  lamp  of  the  apparatus  is 
lit.  These  lamps  consist  of  bull's  eyes,  fitted  with  No.  2 
U-standard  telephone  board,  24  volt,  incandescent 
lamps,  controlled  from  the  load  dispatcher's  keyboard, 
adjoining  the  telephone  exchange.  A  green  cap  covers 
the  lamps  for  normal  operation,  while  a  red  cap  indi- 
cates blocked-out  equipment. 
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Oil  circuit  breakers  are  represented  by  a  lamp,  and 
air  break  or  line  disconnecting  switches  by  plugs  with 
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FIG.    3 — TYPICAL    WINTER    DAY    LOAD    CURVE    ON    THE    PHILADELPHr\ 
ELECTRIC    COMPANY    SYSTEM 

Including  both  25  and  60  cycle  loads. 

different  styles  of  heads  and  markings,  as  their  opera- 
tion is  not  as  frequent  or  as  important  as  that  of  the 
oil  circuit  breakers. 

Feeder  routes  are  not  shown  on  the  panels  because 
they  complicate  rather  than  simplify  the  map,  and  are 


layout  or  of  its  relative  position  in  the  system  when  ad- 
ditions, alternations  or  extensions  are  made. 

The  load  dispatcher's  telephone  exchange  is  located 
in  front  of  the  board,  in  the  center  of  the  crescent  so  as 
to  give  a  ten  foot  radius  from  the  board.  The  exchange 
is  a  three-position.  Bell  telephone  private  branch  ex- 
change, as  shown  in  Fig.  5.  The  first  and  third  are  the 
operating  positions,  with  the  keyboard  controlling  the 
lamps  in  the  form  of  a  panel  and  wing  table  between 
these  two  positions,  and  within  easy  reach  of  either  op- 
erator. Each  position  has  two  panels,  with  a  total  ca- 
pacity of  160  stations. 

The  positions  are  in  multiple,  and  are  equipped  with 
"calling"  and  "busy"  pilot  lamps.  There  are  10  cords 
to  the  position.  Switching  keys  are  provided  for  cut- 
ting the  positions  in  half,  giving  the  exchange  four  op- 


FIG.   4 — REAR    VIEW    OF    LOAD    DISPATCHER  S    BOARD 

unnecessary   for  load  dispatching.     Any  panel   can  be 
readily  removed  and  replaced  in  case  of  change  m  its 


FIG.    5 — TELEPHONE    AND    SIGNAL    HOARDS 

erating  positions.  The  bracketed  transmitter  and  the 
headband  receiver  may  be  connected  to  either  half  of  a 
split  position  through  a  two-way  jack,  from  which  also 
a  second  operator's  set  may  be  connected  in  on  the 
whole  position  or  either  half  of  it. 

The  exchange  is  used  exclusively  for  operating 
purposes.  Direct  wires  connect  with  the  switchboards 
of  all  company  stations,  the  largest  industrial  substa- 
tions, and  the  trouble  department.  Three  tie  lines  go 
to  the  Company's  regular  telephone  exchange,  and  two 
trunks  to  central.  Telephones,  connected  to  central,  are 
maintained  for  dispatching  purposes  in  most  high- 
tension  consumers'  substations. 

The  vertical  section  of  the  keyboard  has  100 
switches  and  its  horizontal  section  or  wing  to  the  ex- 
change   1420   switches.     Each   switch    is   of   the   pull- 
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tutton  single-pole  type  used  in  standard  telephone 
equipment.  There  are  800  lamps  now  in  use  on  the 
board,  600  of  which  are  normally  burning.  The  cur- 
rent for  these  lamps  is  secured  from  either  one  of  three 
sources;  alternating  current  from  the  company  circuit; 
direct  current  from  an  Exide  12  cell  storage  battery ;  or 
direct  current  from  a  three  kilowatt  motor-generator 
set.  These  sources  of  supply  can  also  be  used  for  em- 
ergency lighting  of  the  load  dispatcher's  room.  The 
equipment  of  the  load  dispatcher's  office  is  completed 
with  a  flat  top  desk,  a  card  index,  filing  cabinet,  dicta- 
phone, typewriter,  wardrobe,  etc.  and  also  a  telauto- 
graph connected  with  the  operating  engineer's  office. 


The  load  dispatcher  is  responsible  at  every  moment 
for  the  generation,  transmission  and  transformation  of 
the  proper  amount  of  load.  He  computes  the  demand 
lo  be  met;  schedules  it  on  his  generating  stations;  ascer- 
tains that  each  station  will  have  sufficient  steam  and 
electrical  capacity  to  carry  the  load ;  and  that  there  will 
be  reserve  equipment  on  the  system  to  compensate  for 
the  loss  of  the  largest  unit  running.  To  do  this  he  must 
know  generally  the  load  required  by  each  substation 
and  each  distribution  circuit;  for  which  purpose,  he 
maintains  an  extensive  system  of  records.  No  switch- 
ing is  done  without  his  direction,  except  that  carried 
out   according   to   standardized   instructions   to   restore 


FIG.    6 — DETAn,ED    VIEW    OF    HOARD 


OPERATION 

The  load  dispatcher,  under  the  direction  of  the  op- 
erating engineer,  has  full  control  of  the  load  from  its 
generation  (beginning  in  the  boiler  room)  to  the  cus- 
tomers' premises.  All  apparatus  affecting  the  genera- 
tion, transmission,  and  transformation  of  the  electric 
■energy  are  at  all  times  under  control  of  the  load  dis- 
patcher. The  25  and  60  cycle  system  of  feeders  at 
13  200,  6600  and  2400  volts,  the  66  000  volt  transmission 
system,  the  direct  current  250  volt  commercial  light  and 
power  load  and  600  volt  railway  load,  comes  under  his 
jurisdiction  and  even  certain  customers'  load  systems, 
also  the  lighting  system  of  generation. 


service  in  case  of  emergency.  The  load  dispatcher  is 
called  before  any  unit  is  started  or  stopped.  No  ap- 
paratus is  worked  on  without  a  permit  from  him.  He 
is  responsible  for  all  blocking,  and  for  the  details  of 
switching  in  connection  with  the  testing  of  new,  or  re- 
paired equipment. 

Work  Permit — The  load  dispatcher,  when  re- 
quested, issues  permits  for  the  blocking  of  switches,  or 
to  render  certain  equipment  temporarily  inactive  for  the 
purpose  of  inspection,  repair,  maintenance  or  construc- 
tion work.  These  permits  are  issued  on  the  card  shown 
in  Figs.  7  and  8,  at  times  and  occasions  that  will  inter- 
fere the  least  with  the  service,  except  in  emergency 
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cases.  They  are  made  out  in  duplicate  by  the  load  dis- 
patcher and  generally  issued  over  the  telephone  to  the 
requesting  party  through  the  station  or  substation  oper- 
ator who  writes  up  a  similar  set  of  cards  bearing  the 
number  given  by  the  load  dispatcher. 

Both  the  station  operator  and  load  dispatcher  keep 
one  card  on  the  operating  desk  until  the  switch  or  ap- 
paratus is  reported  cleared.  The  duplicate  card  made 
by  the  load  dispatcher  is  filed  and  the  duplicate  card  of 
the  station  operator  given  to  the  party  requesting  the 
blocking,  to  be  returned  when  the  apparatus  is  cleared. 

The  load  dispatcher  takes  special  care  in  every  case 
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telephone  system,  the  load  dispatcher  is  constantly  in 
touch  with  the  different  places  where  the  load  is 
handled.  Reports  are  made  at  stated  intervals  of  con- 
ditions at  the  various  stations  or  substations  throughout 
the  entire  system.  A  daily  record  of  operation  is  kept 
in  a  log  book  where  the  load  on  each  station  is  entered, 
also  the  peak  load,  interruptions  properly  classified,  and 
in  general  all  information  of  interest  to  the  operating 
department  and  load  dispatching.  The  chief  load  dis- 
patcher is  assisted  by  a  load  dispatcher  and  an  assistant 
load  dispatcher  on  each  shift,  three  shifts  a  day,  or  a 
total  force  of  seven  men. 
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FIGS.    7   AND   8 — FRONT   AND   REAR    VIEWS    OF    BLOCKING    PERMIT 


to  see  that  all  other  switches,  valves  or  apparatus  af- 
fected by  the  blocking  that  has  been  authorized,  are 
properly  handled  and  disposed  of,  in  order  to  avoid  in- 
terference with  the  dispatching  of  the  load.  Red  caps 
are  inserted  on  the  indicating  lamps  of  the  load  dis- 
patcher board  for  all  switches  that  are  blocked  and  are 
not  removed  until  they  are  reported  cleared  by  the 
station  operator. 

Through  the  private  exchange  and  its  direct  wire 
connections,  or  through  the  Bell  or  Keystone  telephone 
system  in  case  of  emergency  or  failure  of  the  private 


The  operation  of  this  system  of  load  dispatching 
has  been  most  satisfactory.  It  is  clear  and  compre- 
hensive and  affords  at  every  minute  a  complete,  con- 
densed and  accurate  view  of  the  situation  of  the  whole 
system.  It  has  greatly  improved  the  efficiency  of  opera- 
tion, reliability  and  quality  of  the  service,  especially  in 
time  of  trouble,  permitting  the  prompt  and  accurate 
transmissal  and  execution  of  orders,  avoiding  confusion 
and  delay,  thus  insuring  to  the  greatest  possible  extent, 
continuity  of  service  from  the  sources  of  generation  to 
the  points  of  consumption. 


W.    B.    1  LAMK.KS 

Marine  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

HEN  it  is  considered  that  a  1200  ton  destroyer     has  two  cross-compound  turbines  with  reduction  gears. 


\\/  requires  propelling  machinery  of  a  capacity 
^  '  equal  to  that  put  into  a  30000  ton  battleship, 
and  that  this  machinery  must  be  operated  by  a  force  of 
thirty  or  forty  men  in  the  small  boat  as  against  200  in 
the  larger  one,  some  conception  will  be  had  of  the 
problems  involved  in  the  design  of  such  equipment. 
The  U.  S.  S.  "Tennessee",  an  electrically-driven 


Its  principle  features  are  compared  with  those  of  the 
Tennessee  in  Table  I. 

The  relatively  greater  power  required  by  the  de- 
stroyer is  due,  of  course,  to  its  higher  speed,  the  power 
required  increasing  approximately  as  the  fourth  power 
of  the  speed  and  the  two-thirds  power  of  the  displace- 
ment.    As  the  propeller  speed  can  be  increased  with  the 


battleship  of  28000  rated  shaft  horse-power,  has  two  ship  speed,  the  speed  of  the  propelling  machinei'y  can 

turbines    with    generators,    four    motors    and    a    large  also  be  increased  and  this  accounts  in  a  large  measure 

switchboard.     The  U.  S.  S.  "Clemson",  a  turbine  gear-  for  the  decreased   weights  in  the  case  of  the  lighter, 

driven  destroyer  of  the  same  rated  shaft  horse-power,  faster  boat.     It  being  necessary  to  make  even  greater 
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reductions  in  weight  in  order  to  come  within  the  allow- 
ai)le  amount  and,  as  the  number  of  men  required  for 
tlie  operation  must  be  kept  to  a  minimum,  the  type  of 
machinery  must  be  of  the  simplest  form  possible,  con- 
sistent with  reliability  and  economy. 

Increased  rotative  speed  means  decreased  size  and 
weicrht  of  drivinsj  machinery.      So  having;  used  as  hisfh 


slower  speeds.  In  addition,  a  cruising  element  is  em- 
ployed on  the  high-pressure  portion  of  the  turbine. 
This  element  or  group  of  stages  is  by-passed  at  the  high 
speeds. 

In  the  destroyers  Henley  and  Mayrant,  smaller 
boats  of  750  tons  displacement,  where  the  fuel  supply  is 
limited,  a    cruisinsr  turbine   is   used   in   addition   to   the 


FIG.    I — 1200  TON,  35   KNOT.   28  000   HORSE-POWER,   UNITED  STATES  TORPEDO  PO.\T   DESTROYER 

a  propeller  speed  as  is  consistent  with  good  perform-  cruising  element.  This  is  a  small,  single-wheel  re-entry 
ance,  the  use  of  reduction  gears  allows  the  main  tur- turbine,  connected  through  a  reduction  gear,  by  means 
bines  to  be  again  increased  in  speed  with  a  further  gain  of  a  pin-type  clutch,  to  the  shaft  of  the  main  turbine, 
in  weight.  Another  gain  due  to  the  increased  speed  is  Fig.  2.  A  mechanical  synchronizing  device  enables  the 
in  the  decreased  steam  consumption  of  the  main  tur-  operator  to  connect  the  cruising  turbine  without  stop- 
bines,   with   the   resultant   decrease   in   weight   of    fuel    ping  the  main  turbine. 

necessary   for  a  given   distance  or  cruising  radius,  or  An   interesting  point   is  the  wide  range  of  power 

over  which  good 
economy  is  desired, 
as  shown  in  Table  II. 
If  in  this  larger  boat 
a  cruising  turbine  had 
been  installed,  the 
consumption  at  15 
and  12  knots  would 
have  been  materially 
lowered ;  probably  to 
12.5  and  14.0  lbs.  re- 
spectively ;  lack  o  f 
space  prevented  their 
use  in  the  larger 
boats,  however.  Fig. 
2  also  shows  one  of 
the  main  turbines, 
which  is  connected 
through  a  single  pin- 
ion gear.  Figs.  3  and 
4,  in  these  smaller  de- 
stroyers, where  complete  expansion  units  in  one  cylin- 
der are  mounted  on  each  propeller  shaft. 

The  1200  ton  boats  of  the  Clemson  type  require 
about  double  the  power  of  the  Henley  and  Mayrant 
equipments,  and  as  there  are  the  same  number  of  pro- 
peller shafts  (two)  the  turbines  were  made  cross-com- 
pound with  two  pinions  on  each  gear,  as  indicated  in 


,nriSI.\G    TURBINES 


else  an  increased  cruising  radius  for  a  given  fuel  dis- 
placement. This  cruising  radius  at  the  slower  speeds, 
for  instance  15  knots,  is  of  great  importance  and  various 
means  are  used  to  keep  the  steam  consumption  low  at 
the  low  speeds.  With  the  high-speed  geared  turbines,  a 
relatively  large  number  of  rows  of  blades  or  stages  can 
be   used,   which   tends   to   give  good   efficiency   at   the 
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Fig.  5.  The  astern  wheel  is  on  the  low-pressure  tur- 
bine only,  and  will  develop  about  5000  shaft  hp  on  each 
shaft,  or  10  000  hp  for  the  boat.  This  will  move  the 
boat  backwards  at  21  or  22  knots,  and  it  can  be  stopped 


record  with  the  cruising  turbines;  several  long  runs 
which  permitted  their  use  showing  a  very  good  economy, 
with  the  long  resultant  cruising  radius  without  re- 
fuel in  sr. 


.LOSED    AND    OPEN    VIEWS    OF    SINGLE    REDUCTION  GEAR 


■from    full   speed   ahead   in   one   and  one-half   minutes.  In    unofficial    builders    trials    on    the    Clemson    at 

These  boats  have  gone  from  full  speed  ahead  (35  knots)      about  30  knots,  the  machinery  developed  a  shaft  horse- 
'io  20  knots  astern  in  less  than  two  minutes. 

TABLE  I— COMPARISON   OF   ENGINE  EQUIPMENTS 


Rated  shaft  hp  

Maximum  shaft  hp  

Ship  speed  knots  

Displacement — tons 

Weight  of  main  propelling  engines — tons.. 

Sq.  ft.  deck  space  occupied  by  main  pro- 
pelling engines  and  aux.  (exclusive  of 
boiler  rooms)    

Lbs.  steam  per  shaft  hp-hr.  at  rated  load 
and  same  operating  conditions — 250 
lbs.  steam,  dry  and  saturated ;  28 
inches  vacuum   

Propeller  speed,  r.p.m 
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FIG.    5 — OUTLINE    OF    MACHINERY    ARRANGEMENT 

TABLE  II— PERFORMANCE  AT  VARIOUS  SPEEDS 


Ship  speed  in  knots 

Shaft  horse-power 

Percent  of  full-speed  power 
Guaran.  steam  consumption, 


35 

28000 

100 

10-75 


25        20 

IS 

12 

10  000  4200 

1500 

750 

36        15 

5-5 

2.7 

10.75    12.0 

15.1 

18.5 

power  on  slightly  less  than  one  pound  of  oil  per  hour; 
at  35  knots  slightly  over  one  pound.     No  steam  con- 


♦Engine  room  and  aus.  on  two  decks. 

The  depth  of  water  in  which  a  boat  is 
moving  has  a  very  marked  effect  on  the  speed. 
In  general,  the  deeper  the  water,  up  to  at 
least  one  boat  length,  the  faster  the  boat  will 
go  with  a  given  propulsive  power,  but  with 
long  narrow  boats  of  the  torpedo  or  de- 
stroyer type,  there  may  be  a  shallow  depth  at 
which  the  boat  speed  will  actually  be  higher 
than  at  any  greater  or  lesser  depth.  This  is 
shown  quite  clearly  by  Fig.  6,  made  from 
trial  data.  This  has  also  been  indicated  in 
trials  of  the  destroyers  of  the  Clemson  type. 

No  exact  trial  data  is  available  on  the 
Henley  or  Mayrant,  as  they  were  rushed  into 
active   service   immediately  on   completion   of  the   ma-      siunption  readings  were  taken.     These  results  will  un- 
chinery  installation.     The  Mayrant  made  a  very  good     doubtedly  be  improved  on  the  official  trials. 
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FIG.    6 — SPEED  CURVES  OF  DESTROYERS   IN  VARIOUS  DEPTHS  OF  WATER 
AND   CONSTANT   INDICATED    HORSE-POWER 

A — 2200  indicated  horse-power,   132  tons,   145   feet  long. 
B — 5000  indicated  horse-power,  374  tons,  200  feet  long. 
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Their  Effect  on  Slaort-CircHit  Currents 

J.  F.  Peters 

Tertiary  windings,  when  placed  in  transformer  banks,  arc  primarily  for  the  purpose  of  supplying  that 
E^rt  of  the  necessary  magnetizing  current  to  produce  a  sine  wave  of  voltage  that  cannot  be  drawn  from 
the  line  when  certain  schemes  of  connections  are  employed.  However,  tertiary  windings  can  be  used  in 
many  cases  to  limit  single-phase  short-circuit  currents  to  relatively  small  values.  An  effort  will  be  made  in 
the  following  to  explain  the  functioning  of  these  windings  for  the  two  cases  of  application  mentioned  and 
to  show  what  capacity  they  should  have. 


THE  PERMEABILITY  of  sheet  steel  used  in  the 
construction  of  transformers  changes  as  the 
magnetic  flux  density  increases,  so  that  the  rate 
of  variation  of  the  latter  is  less  than  that  of  the  mag- 
netizing current  producing  it.  The  induced  voltage  in 
the  secondary,  and  also  the  counter-electromotive  force 
in  the  primary  of  a  transformer,  are  proportional  to  the 
rate  of  change  of  the  magnetic  flux  enclosing  these 
windings.  The  rate  of  change  of  a  sine  function  is  a 
sine  function  90  degrees  later  in  time  phase.  There- 
fore, to  produce  a  voltage  having  a  sine  wave,  the  rate 
of  change  in  the  magnetic  flux  also  must  be  a  sine  wave. 
On  account  of  the  change  in  permeability  of  the 
iron  at  different  flux  densities,  the  magnetizing  current 
producing  a  sine  wave  of  magnetic  flux  cannot  be  a  sine 
wave.     It  has  been  found  by  analysis  that  the  magnetiz- 


FIG.    I — TR.WSFOliMER     MAGNETIZIN'C    CLKVE 

ing  current  of  a  transformer  producing  a  sine  wave  of 
voltage  has  a  considerable  third  harmonic  component. 
It  also  contains  the  higher  odd  harmonics  (5th,  7th,  9th, 
etc.),  but  to  a  much  less  degree. 

That  the  magnetizing  cm-rent  must  contain  a  com- 
paratively large  third-harmonic  component  is  shown  by 
the  following: —  A  comparatively  small  current  is  re- 
quired for  the  first  part  of  the  magnetic  flux  cycle,  the 
density  being  low,  while  as  the  maximum  flux  density 
is  approached,  a  much  larger  current  in  proportion  is 
required.  Therefore,  the  current  wave  necessary  to 
produce  a  sine  wave  of  flux  will  be  peaked.  There  will 
be  only  one  peak  per  half  cycle  corresponding  to  the 
maximum  flux  density,  and  this  peak  must  be  made  up 
largely  of  a  harmonic  that  has  but  one  maximum  value, 
in  the  proper  direction,  per  half  cycle  of  the  funda- 
mental. The  third  harmonic  has  one  and  one-half 
cycles  per  half  cycle  of  the  fundamental  and  it  is  so 
located  that  its  one  maximum  occurs  a  little  later  than 


the  fundamental  maximum.  The  other  two  maxima 
of  the  third  supress  the  fundamental  in  the  first  and  last 
part  of  the  half  cycle. 

In  Fig.  I,  a  represents  the  magnetizing  current  of  a 
transformer.  It  is  the  resultant  of  a  component  at  fun- 
damental frequency  b,  a  third  harmonic  component  c, 
and  a  fifth  harmonic  component  d.  The  magnitude  of 
c  is  40  percent  of  the  fundamental,  and  d  is  10  percent 
of  the  fundamental.  The  harmonics  higher  than  the 
fifth  were  neglected  for  simplicity. 

The  magnetizing  current  of  a  transformer  does  not 
contain  any  even  harmonics.  This  is  obvious  from  the 
fact  that  the  plus  and  ininus  half  waves  of  a  complete 
cycle  of  magnetizing  current  are  the  same.  That  is,  it 
takes  the  same  value  of  current  to  magnetize  the  core  in 
one  direction  as  it  does  in  the  other.  Therefore,  all  the 
harmonics  as  well  as  the  fundamental  must,  at  the  be- 
ginning of  the  second  half  cycle  be  of  the  same  value 
but  in  the  direction  opposite  to  that  at  the  beginning  of 
the   first  half.     Only   odd   harmonics  will   satisfy   this 


FIG.    2 — STAR-DELTA    CONNECTION 

condition.  While  the  fundamental  passes  through  one 
half  cycle,  the  third  harmonic  passes  through  one  and 
one-half  cycles  and  the  fifth  harmonic  through  two  and 
cne-half  cycles,  etc.  All  odd  harinonics  end  with  an 
odd  number  of  one-half  cycles  and  are  therefore  in  the 
same  relative  position,  but  in  the  direction  opposite  to 
that  at  the  beginning  of  the  first  half  cycle.  If  the 
magnetizing  current  does  not  contain  all  of  the  har- 
monics necessary  to  produce  a  sine  wave  of  voltage, 
then  the  voltage  will  contain  those  harmonics  which  the 
magnetizing  current  lacks,  and  possibly  more.  For  ex- 
ample, when  the  magnetizing  current  does  not  contain 
the  necessary  third-harmonic  component,  the  induced 
voltage  contains  a  third-harmonic  component. 

The  most  frequent  arrangement  of  transformers  is 
the  use  of  three  single-phase  units  connected  into  a 
three-phase  bank,  delta  on  the  low-voltage  side  and  star 
on  the  high-voltage  side,  as  shown  by  Fig.  2.  Assume 
that  a  bank  so  connected  is  used  to  step-down  the  volt- 
age, and  that  the  magnetizing  currents  for  each  of  the 
three  units  are  as  indicated  by  o.  Fig.  i.  The  magnetiz- 
ing currents  then  for  each  phase  contain,  in  addition  to 
the  fundamental,  a  third  and  a  fifth  harmonic  compon- 
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ent.  Since  the  transformers  are  connected  in  three- 
phase  relationship,  their  voltages  are  120  degrees 
apart  and,  therefore,  their  magnetizing  currents  are  120 
degrees  apart.  The  magnetizing  currents  for  the  three 
units  are  shown  in  their  proper  phase  position  in  Fig. 
3  (a).  The  three  leads  feeding  the  bank  carry  the  cur- 
rent both  to  and  from  the  transformers  and,  therefore, 
the  resultant  of  the  current  in  the  leads  must  at  all  times 
be  zero.  But  the  resultant  of  the  magnetizing  currents 
for  all  three  units  in  this  case  is  not  zero,  but  has  a  re- 
sultant as  shown  dotted  in  Fig.  3  (a)  which  is  obtained 
by  combining  the  three  waves.  Therefore,  not  all  of 
the  magnetizing  current  for  this  connection  can  be  sup- 
plied through  the  three  leads. 

If  the  other  higher  harmonics  of  the  magnetizing 
current  had  been  taken  into  account  (7th,  9th,  nth, 
etc.)  in  the  above  analysis,  it  would  be  found  that  they 
all  sum  up  to  zero,  except  the  third  and  odd  multiples 
of  the  third  (9th,  15th,  etc.).  Therefore,  the  necessary 
third-harmonic  component  and  its  multiples  to  produce 
a  sine  wave  of  voltage  must  be  supplied  in  some  other 


FIG.    3 — MAGNETIZING    CURRENTS    OF   THREE    SINGLE-PHASE 
TRANSFORMERS    CONNECTED    STAR-DELTA 

manner  for  this  scheme  of  connections,  since  they  can- 
not be  drawn  from  the  line. 

In  Fig.  3  (b)  at  i,  3,  and  3  are  plotted  the  third- 
harmonic  components  of  the  magnetizing  currents  for 
the  three  phases  in  their  proper  phase  position  with  re- 
spect to  the  composite  waves  in  the  same  figure  at  (a). 
These  third-harmonic  currents  are  all  in  the  same  direc- 
tion at  corresponding  points.  In  Fig.  2,  the  full  arrows 
indicate  the  instantaneous  directions  in  which  the  third- 
harmonic  currents  should  flow  in  the  primary  or  star 
side.  Since  the  third  harmonic  currents  of  all  three 
phases  are  in  phase  with  each  other,  they  have  no  return 
path  in  a  star-connected  circuit;  therefore,  they  cannot 
flow.  Consequently,  third-harmonic  voltages  will  be 
generated  due  to  the  absence  of  the  third-harmonic 
currents.  These  voltages  are  all  in  the  same  direction, 
since  their  components  of  the  magnetizing  currents  are 
all  in  the  same  direction. 

The  generated  or  induced  third-harmonic  voltages 
appear  in  both  the  primary  and  secondaiy  windings,  but 
the  delta-connected  secondaiy  forms  a  closed  local  cir- 
cuit   for   its   third-harmonic   voltage.'    Con.sequenth',   a 


third-harmonic  current  will  circulate  around  this  cir- 
cuit, as  indicated  by  the  dotted  arrows  in  Fig.  2,  and 
produce  a  third-harmonic  flux  which  will  cut  both  the 
primary  and  secondary  windings.  This  flux  will  gener- 
ate in  both  windings  a  counter  third-harmonic  voltage 
approximately  equal  and  opposite  to  the  one  caused  by 
the  absence  of  the  third-harmonic  current  in  the  prim- 
ary. This  results  in  cancelling  all  of  the  third-har- 
monic voltages,  except  that  due  to  the  reactance  of  the 
transformer,  which  is  generally  so  small  that  it  is  cf  no 
consequence.  It  is  evident  from  the  foregoing  that  the 
third-harmonic  component  of  the  magnetizing  current 
for  a  bank  of  transformers  connected  star-delta  is  sup- 
plied by  a  circulating  current  in  the  closed  delta. 

It  would  be  found  by  a  similar  analysis  that  the  9th 
and  15th  harmonic  currents  and  all  odd  multiples  of  the 
third  are  supplied  by  a  circulating  current  in  the  delta,. 
while  all  other  odd  harmonic  currents  are  drawn  from. 
the  line.     The  magnitude  of  this  circulating  current  is- 


FIG.    4 — MAGNETOMOTIVE-FORCE    WAVES     IN    A    THREE-PHASE 
CORE-TYPE  TRANSFORMER 

such  that  when  it  is  multiplied  by  the  turns  in  the  delta,. 
the  product  is  equal  to  that  of  the  required  harmonic 
current  in  the  primary  multiplied  by  the  primary  turns. 
That  is,  the  magnetomotive  force  is  the  same  whether 
supplied  by  the  primary  or  by  the  secondary,  or  by  a 
tertiary. 

The  foregoing  statements  are  based  on  a  star-con- 
nected primary  delta-connected  secondary  bank  of  three 
single-phase  transformers,  but  it  applies  equally  well  to 
a  star-connected  bank  containing  tertiary  windings,  ex- 
cept that  in  the  latter  case,  the  third,  ninth,  fifteenth, 
etc.,  harmonic  components  of  current  would  circulate  in 
the  tertiary.  It  will  therefore  be  seen  that  the  tertiary 
windings  for  a  bank  of  three  single-phase  transformers 
connected  star-star  supplies  that  part  of  the  magnetizing 
current,  k.v.a.  or  magnetomotive  force,  as  you  please, 
that  has  the  same  instantaneous  and  vector  direction  in 
all  three  phases;  that  is,  the  3rd,  9th,  15th,  etc.,  har- 
monic components.     These  components  for  any  definite 
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bank  of  transformers  represent  a  definite  amount  of 
wattless  magnetic  energy  and  can  be  expressed  in  am- 
pere-turns or  in  k.v.a.  It  will,  therefore,  be  seen  that 
there 'is  no  definite  relation  between  the  turns  in  this 
winding  and  the  primary  or  secondary  winding.  If  the 
turns  in  the  tertiary  winding  be  made  large  in  number, 
its  current  will  be  correspondingly  small,  or  vice  versa. 

It  is  sometimes  convenient  to  use  the  tertiary  wind- 
ing for  supplying  an  auxiliary  load  as  well  as  the  com- 
ponents of  the  magnetizing  currents.  In  such  cases,  the 
turns  for  the  tertiary  winding  are  selected  to  give  the 
desired  voltage  for  the  auxilary  load,  and  the  current 
capacity  then  equals  the  square  root  of  the  sum  of  the 
squares  of  the  auxiliary  load  current  and  the  compon- 
ents of  magnetizing  current.  These  currents  combine 
as  the  square  root  of  the  mean  squares  because  they  are 
at  different  frequencies,  the  auxiliary  load  being  at  fun- 
damental frequency  and  components  of  magnetizing 
current  at  3rd,  9th,  15th,  etc.,  harmonics. 

The  magnitudes  of  these  components  vary  con- 
siderably for  different  transformers.  For  the  average 
power  transformer  the  third-harmonic  component  is 
approximately  25  to  30  percent  of  the  composite  mag- 
netizing current.  The  9th,  iSth,  etc.,  are  generally 
negligible.  Then,  for  a  bank  of  transformers  that  re- 
quire a  total  magnetizing  k.v.a.  of  6  percent,  the  ter- 


FIG.    5 — FLUX   PATHS   IN   A   CORE-TYPE   TRANSFORMER 

tiary,  when  supplying  the  components  of  magnetizing 
current  only,  would  have  a  capacity  of  approximately 
1.8  to  two  percent  of  the  rating  of  the  bank. 

THREE-PHASE   TRANSFORMERS 

The  foregoing  considerations  were  based  on  banks 
made  up  of  single-phase  units  connected  for  polyphase 
transformation.  If  the  three  phase-banks  consisted  of 
three-phase  units  of  the  so  called  "shell  form,"  the  con- 
ditions with  respect  to  magnetizing  currents  and  higher 
harmonic  voltages  and  tertiary  windings  would  be  sub- 
stantially the  same  as  for  single-phase  units  connected 
in  the  same  relation.  But  if  the  three-phase  banks  con- 
sist of  three-phase  units  of  the  core  type  construction, 
the  conditions  with  respect  to  magnetizing  currents  and 
higher  harmonic  voltages  in  the  star-star-connected 
bank  are  considerably  changed  and  tertiary  windings 
are  not  required. 

With  the  latter  type  of  construction,  the  magnetic 
circuit  for  the  three  phases  are  mutually  connected,  in 
that  the  magnetic  flux  of  any  one  phase  has  its  return 
path  through  the  other  two  phases.  Now,  since  the 
magnetic  fluxes  go  and  return  through  the  same  three 
cores,  it  is  evident  that  the  resultant  of  the  three  fluxes 


in  any  one  direction  must  at  all  times  be  zero.  But,  if 
there  are  any  third-harmonic  voltages  in  the  phases  due 
to  the  absence  of  the  third-harmonic  magnetizing  cur- 
rents in  the  star-star-connected  unit,  they  are  induced  in 
the  same  direction  in  all  three  phases  and,  therefore, 
their  third-harmonic  magnetic  fluxes  are  all  in  the  same 
direction.  This  would  require  that  the  third-harmonic 
flux  return  outside  of  the  cores  through  high  reluctance 
paths.  They  would  consequently  be  of  very  small 
value. 

It  would  appear  from  the  above  that  third-harmonic 
voltages  which  are  due  to  the  absence  of  the  third-har- 
monic component  of  magnetizing  currents  in  the  star- 
star  connection  are  prevented  in  the  three-phase  core- 
type  units  by  the  high  reluctance  return  paths  of  the 
third-harmonic  magnetic  fluxes.  But  this  is  not  strictly 
true ;  what  really  happens  is  that  the  deficit  in  magneto- 
motive force  in  parts  of  the  cycle  in  each  phase  is  sup- 
plied by  the  other  two  phases.  Fig.  4  shows  three 
magnetomotive  force  waves  /,  2,  and  J,  120  degrees 
apart ;  a  is  the  required  wave  of  magnetomotive  force  to 
produce  a  sine  wave  of  magnetic  flux;  b  is  the  third- 
harmonic  component  of  the  required  magnetomotive 
force  wave,  and  c  is  the  magnetomotive  force  wave 
that  is  drawn  from  the  line.     It  is  wave  o  minus  wave- 
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FIG.    6 — CURRENTS    IN    A    STAR-DELTA    CONNECTED    BANK,    WITHOUT- 
TERTIARY   WINDING 
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b.  Referring  to  point  m,  it  will  be  seen  that  c  in  J  is 
lacking  sufficient  magnetomotive  force,  while  .?  and  ? 
at  the  same  point  have  a  surplus  of  magnetomotive 
force.  Consider  this  point  on  the  cycle  to  be  such  as  to 
have  a  magnetic  flux  up  through  core  A  in  Fig.  5,  and 
down  through  B  and  C.  The  extra  magnetomotive 
force  tending  to  produce  the  surplus  of  flux  down 
through  B  and  C  will  be  expended  in  supplying  the  de- 
ficit up  through  A,  A  being  the  return  path  for  B  and  C. 
In  this  way  there  is  an  interchange  of  magnetomotive 
forces  between  phases,  which  results  in  the  production 
of  a  sine  wave  of  magnetic  flux  and,  therefore,  a  sine 
wave  of  voltage  in  all  three  phases. 

SHORT   CIRCUIT   CURRENT.S 

Since  the  tertiary  windings  are  placed  only  in 
three-phase  banks  of  transformers  connected  star-star, 
the  following  discussion  will  be  confined  to  that  connec- 
tion. The  short-circuit  currents  are  expressed  in 
terms  of  normal  full-load  current  /„  and  the  impedance 
is  expressed  in  percent.  Z„  is  the  percent  impedance 
between  primary  and  secondary  windings  at  rated  load 
and    Zt    is    the    percent    impedance    between    tertiar)^ 
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winding  and  primary  or  secondary  corresponding  to  a 
load  in  the  tertiary  equal  to  the  rating  of  the  trans- 
former, /b  is  the  short-circuit  current  in  the  trans- 
former in  terms  of  normal  rated  load  and  is  repre- 
sented at  various  parts  of  the  circuit  by  one  small  ar- 
row. Two  small  arrows  represent  2!^,  etc.  The  cur- 
rent that  circulates  in  the  tertiary  under  short-circuit  is 
at  fundamental  frequency. 

In  Figs.  6  and  7  it  is  assumed  that  the  neutral  at 
the  supply  is  not  grounded.     If  the  neutral  of  the  sup- 
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FIG.    7 — CURRENTS    IN   A    STAR-STAR   CONNECTED   BANK,    CONTAINING 
A    TERTIARY    WINDING 

When  a  ground  occurs  on  the  primary  side,  /.  =    '^    ° 

ply  is  grounded,  for  these  figures,  the  short-circuit  cur- 
rents are  simply  single-phase.  Grounding  the  neutral 
of  the  supply  for  Fig.  8  would  not  alter  the  conditions 
shown.  In  these  figures  it  is  assumed  that  the  supply 
voltage  during  the  short-circuit  is  maintained  at  normal 
value.  The  short-circuit  current  is  limited  principally 
for  Fig.  8  and  entirely  for  Fig.  7  by  the  impedance  be- 
tween the  tertiary  and  main  windings.  This  impedance 
is  generally  made  large  in  order  to  minimize  the  short- 
circuit  current  and  also  to  keep  the  load  and  conse- 
quently the  size  of  the  tertiary  winding  small. 

Figs.  7  and  8  apply  to  single-phase  transformers  of 
either  core  or  shell  types  and  to  three-phase,  shell-type 
units,  but  not  to  three-phase,  core-type  units.  The 
latter  do  not  require  tertiary  windings.  When  one 
line  of  a  grounded  neutral,  three-phase,  core-type  bank 


FIG.    8 — CURRENTS    IN    A    STAR-STAR   CONNECTED   BANK,   CONTAINING 
A    TERTIARY    WINDING 

\\'hcn  a  ground  occurs  on  the  secondary  side,  /s  :=  — ^ — rA, 

becomes  grounded,  the  short-circuit  current  is  as  indi- 
cated by  Figs.  7  and  8,  where  Z^  is  the  impedance  be- 
tween primaiy  and  secondary  on  one  phase  of  the  unit 
and  Z^  is  the  impedance  between  the  windings  on  one 
phase  and  the  windings  on  the  other  two  phases. 
That  is,  the  short-circuited  phase  becomes  the  second- 
ary for  the  other  phases  as  primaries. 

The  size  of  the  tertiary  winding  for  grounded  neu- 
tral operation  is  fixed  by  the  short-circuit  k.v.a.  rather 


than  the  third-hamionic  component  of  magnetizing  cur- 
rent. This  winding  must  carry  the  short-circuit  k.v.a. 
long  enough  for  the  circuit  opening  devices  to  operate. 
The  length  of  time  required  for  automatic  circuit 
breakers  to  remove  the  faulty  circuit  is  generally  not 
more  than  three  seconds.  During  this  interval  of  time 
there  is  very  little  heat  radiated  from  the  tertiary  wind- 
ing, therefore,  it  must  contain  sufficient  copper  to  store 
its  short-circuit  PR  loss  by  thermal  capacity  during  this 
relatively  short  interval  of  time. 

The  conditions  under  which  tertiary  windings  are 
used  and  their  effect  on  short-circuit  currents  when  one 
line  becomes  grounded  are  summarized  in  Table  I. 
This  tabulation  is  based  on  the  assumption  that  normal 
voltage  is  maintained  at  the  primary  terminals  of  the 
bank.  It  applies  to  all  types  of  transformers.  Of 
course  where  three-phase,  core-type  units  are  used,  ter- 
tiary windings  are  assumed  absent  and  the  current  as 
given  for  these  windings  then  has  no  significance,  but 
the  maximum  currents  given  for  the  windings  are  cor- 
rect. The  impedance  Zi  for  this  case,  as  stated  before, 
is  the  impedance  between  the  windings  on  different 
phases. 

TAKLE  I— EFFECT  OF   TERTIARY   WINDING   ON   SHORT-CIRCUIT 
CURRENTS,  WHEN  ONE  LINE  BECOMES  GROUNDED 
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IN  MILLS  and  factories  where  large  numbers  of  in- 
duction motors  are  in  service,  emergencies  often 
arise  due  to  break  downs,  and  repair  parts  are 
needed  at  once.  While  burnouts  are  not  frequent  on 
motors  with  squirrel-cage  windings  they  occur  at  times ; 
also  rotors  and  shafts  are  at  times  damaged  in  sei^vice, 
and  when  any  of  these  troubles  occur  it  is  usually  neces- 
sary to  replace  the  complete  rotating  part.  This  is  un- 
doubtedly the  quickest  way  of  making  the  repair.  It 
often  happens  that  a  spare  rotor  for  the  particular  mo- 
tor in  trouble  is  not  available.  The  following  comments 
may  serve  to  give  some  new  ideas  for  such  an  emer- 
gency and  help  to  get  the  motor  back  in  service  by  us- 
ing rotors  for  motors  of  other  ratings  that  may  be  at 
hand.  Thus  the  delay  due  to  awaiting  a  new  rotor  from 
the  manufacturer  may  be  avoided. 

The  squirrel-cage  rotor  with  its  winding  of  bars 
and  resistance  rings  fastened  together  by  any  of  the 
well  known  methods,  has  no  groupings  for  poles,  and 
when  placed  in  a  properly  wound  stator  will  respond  to 
the  synchronous  speed  that  the  particular  stator  may  be 
wound  for.  The  horse-power  output  is  therefore  de- 
termined by  the  stator  that  is  used,  since  horse-power 
is  proportional  to  the  product  of  speed  and  torque.  The 
squirrel-cage  rotor  does  not  set  the  speed  nor  the  horse- 
power, but  does  control  them  to  a  certain  extent,  for 
the  percent  slip  is  largely  determined  in  the  rotor  and 
the  starting  torque  and  heating  are  affected  somewhat, 
as  outlined  later. 

It  is  to  be  understood,  of  course,  that  the  rotor  is 
correct  mechanically  to  fit  the  stator.  That  is,  the 
length  of  iron  and  air-gap  should  be  correct.  The  air- 
gap  could  be  off  a  few  thousandths  of  an  inch  or  the 
iron  width  could  be  slightly  less  or  greater  than  the 
iron  width  of  the  stator  without  causing  any  trouble. 

The  other  feature  to  consider  is  the  electrical  char- 
acteristics of  the  rotors.  As  stated  above  the  rotor  will 
run  at  a  synchronous  speed  as  determined  by  the  stator. 
In  a  line  of  motors  of  a  given  manufacturer,  the  rotor 
windings  are  usually  such  as  to  have  a  greater  total 
actual  resistance,  the  greater  the  number  of  poles. 
That  is  a  rotor  for  an  eight  pole  motor  has  a  greater 
total  resistance  than  a  rotor  for  a  six  pole  motor  and 
for  a  ten  pole  motor  greater  than  for  an  eight  pole 
motor,  etc.  The  proportion  of  actual  resistance  in  the 
resistance  rings  to  that  in  the  bars  changes  generally 
and  is  greater  on  the  rotors  for  motors  of  larger  num- 
bers of  poles.  The  effective  resistance  on  a  given  rotor 
is,  however,  determined  by  the  number  of  poles  of  the 
stator  in  which  this  rotor  is  being  used  and  is  usually 
greater  for  a  small  number  of  poles  than  for  a  large 
number  of  poles.  Also  the  actual  resistance  and  effec- 
tive resistance  in  the  bars  are,  in  general,  the  same  for 
rotors  built  for  ratings  of  different  numbers  of  poles. 


assuming  the  total  bar  section  and  length  of  bars  to  be 
the  same.  The  difference  is  in  the  resistance  rings. 
P'or  instance  a  six  pole  motor  will  usually  have  copper 
rings  of  large  section  and  a  ten  pole  motor  will  very 
likely  have  rings  of  copper  of  small  section  or  rings  of 
high  resistance  material  such  as  brass  of  proportionate 
section.  The  path  of  the  current  in  the  six  pole  ring, 
however,  is  ten-sixths  of  that  in  the  ten  pole  rotor  and 
for  the  same  rings  the  effective  resistance  is  greater  as 
the  square  of  this  ratio.  The  greater  effective 
resistance  means  more  starting  torque  and  higher  per- 
centage slip,  that  is  the  full  load  speed  is  slightly  lower 
and  consequently  there  is  a  greater  loss  in  the  rotor; 
and  vice  versa  for  the  lower  effective  resistance.  By 
effective  resistance  is  meant  the  resistance  that  is  effec- 
tive by  virtue  of  the  length  of  the  path  taken  by  the  cur- 
rent in  going  through  the  bars  or  the  resistance  rings. 

Assuming  that  the  rotors  are  correct  mechanically, 
the  interchanging  of  the  rotors  will  have  in  general 
about  the  following  effect.  If  a  ten  pole  motor  is  hav- 
ing rotor  trouble  and  a  rotor  from  a  six  pole  motor  is 
used  in  it,  the  percent  slip  will  be  less,  the  starting 
torque  lower,  the  efficiency  slightly  higher  and  conse- 
quently there  will  be  less  heating.  If  a  six  pole  motor 
is  having  rotor  trouble  and  a  rotor  from  a  ten  pole  mo- 
tor is  used  in  it,  the  percent  slip  will  be  greater,  the 
starting  torque  higher,  the  efficiency  slightly  lower  and 
consequently  there  will  be  increased  heating.  Efficiency 
is  not  of  prime  importance,  however,  in  case  of  emer- 
gencies, such  as  are  being  considered,  but  starting  torque 
and  heating  are  important.  Similar  interchanges  of 
rotors  could  be  carried  out  such  as  four  and  eight  poles, 
eight  and  ten  poles,  eight  and  twelve  poles,  ten  and 
twelve  poles,  etc.  remembering  that  the  greater  the  dif- 
ference in  the  number  of  poles,  the  greater  the  effect  on 
the  items  of  performance  noted  above.  It  is  well,  there- 
fore, not  to  substitute  rotors,  when  the  difference  in 
number  of  poles  is  too  great,  such  as  two  and  ten,  or 
four  and  ten. 

In  making  the  interchange  of  rotors,  if  a  rotor  of  a 
different  number  of  slots  than  the  standard  rotor  for  the 
motor  is  used  it  is  best  to  use  a  rotor  with  a  number  of 
slots  that  is  at  least  fifteen  percent  greater  or  less  than 
the  number  of  slots  in  the  stator.  Otherwise  trouble 
due  to  low  torque  points  may  be  experienced.  The 
number  of  rotor  slots  will  also  have  some  effect  on 
noise,  but  the  question  of  noise  is  not  important  in  most 
mills  and  factories  and  a  noisy  motor  could  be  toler- 
ated in  an  emergency. 

Aside  from  the  question  of  quick  repair  in  cases  of 
break  downs  there  are  also  other  cases  in  which  the 
above  comments  may  help  to  save  time.  That  is  in 
cases  where  motors  with  high  percent  slip  are  required, 
such  as  in  punch,  shear  and  other  flywheel  applications. 
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For  example  a  six  pole  motor  may  be  available  for  a 
punch  press  but  has  a  rotor  that  gives  a  low  percent  slip. 
A  spare  rotor  for  a  ten  pole  motor  that  is  correct  me- 
chanically may  be  available  or  there  may  even  be  a  ten 
pole  motor  in  service,  the  rotor  of  which  could  be  inter- 
changed with  the  six  pole  motor.  The  ten  pole  rotor 
would  perhaps  give  the  desired  percent  slip  when  used 
in  the  six  pole  stator  and  the  six  pole  rotor  would  per- 
haps give  sufficient  torque  when  used  in  the  ten  pole 
stator  in  the  service  that  it  is  on.  All  of  this  would 
necessarily  have  to  be  determined  by  trial.  Since 
higher  percent  slip  is  desired  in  such  a  case  as  this,  only 
rotors  from  motors  with  larger  numbers  of  poles  can  be 
used,  as  going  the  other  way  gives  a  lower  percent  slip. 
As  the  name  plates  of  motors  of  various  manufac- 
turers are  stamped  differently,  some  having  full  load 
speed,  some  the  synchronous  speed  and  the  majority  no 


indication  of  the  number  of  poles,  the  usual  standard 
speeds  are  given  in  Table  I  to  tie  together  the  speeds 


TABLE  I^INDUCTION 

MOTOR  SPEEDS 

0  m 
O'o 

Synchronous  R.  P.  M.             ^^^tllT^^v'u. 

25  cy. 

40  cy. 

50  cy. 

60  cy. 

25  cy. 

40  cy. 

50  cy. 

60  cy. 

'Z.S. 

2 

1500 

2400 

3000 

3600 

1450 

2300 

2900 

3450 

4 

750 

1200 

1500 

1800 

720 

1 150 

1450 

1750 

6 

500 

800 

1000 

1200 

480 

770 

960 

1150 

8 

375 

600 

750 

900 

3(30 

575 

720 

870 

10 

300 

480 

600 

720 

2«5 

460 

575 

690 

12 

400 

500 

600 

380 

480 

575 

14 

428 

514 

410 

490 

16 

450 

430 

and  numbers  of  poles  for  assistance  in  studying  or  ap- 
plying the  information  outlined  in  this  article. 


iBakoIiio-Mkarta  AlrokMS  ProooJiora 


N.  S.  Cl.\y 


B.-VKELITE-MICARTA  possesses  a  number  of 
characteristics  which  make  it  a  suitable  material 
for  airplane  propeller  use.  Chief  among  these  is 
its  great  strength,  permanence  of  shape  under  extreme 
atmospheric  conditions  and  finally  a  hard  wear-resisting 
surface.  It  was  these  qualities,  together  with  the  im- 
pending scarcity  of  good  propeller  wood,  which  fur- 
nished the  motive  for  the  extensive  development  that 
was  destined  to  add  one  more  to  the  already  numerous 
successful  applications  of  bakelite-micarta. 

It  might  be  well  to  enumerate  here  some  of  these 
characteristics  and  their  use  in  airplane  propeller  de- 
sign. 

/ — Modulus  of  Rupture,  1 7  000  to  25000  lbs.  per 
sq.  in.  compared  with  8000  to  20  000  for  wood.  This 
makes  possible  the  use  of  thinner  blade  sections,  thus 
increasing  the  efficiency.  The  material  is  well  adapted 
for  irregular  or  curved  blades,  and  blade  forms  may  be 
used  which  would  be  impossible  with  wood  because  of 
the  danger  of  splitting. 

2 — High  Shearing  and  Crushing  Strength — Advan- 
tage is  taken  of  these  properties  in  designing  a  light 
metal  hub.  The  heavy  flanges  and  bolts  customaril\ 
used  with  hubs  for  wooden  propellers  are  replaced  by 
four  light  keys  driving  directly  on  the  micarta.  It  is 
even  possible  to  eliminate  the  metal  hub  entirely  if  the 
engine  shaft  can  be  modified  to  permit  the  use  of  more 
keys. 

J — Hard  Surface-  -Vef'if^  indicate  that  projiellers  of 
this  material  will  outwear  several  wooden  propellers. 
Figs.  I  and  2  illustrate  the  relative  wearing  qualities  of 
micarta  and  wood.  Roth  propellers  were  run  in  a  water 
spray  at  1800  r.p.m.,  the  wooden  one  for  a  few  minutes 
only  and  the  micarta  for  one-half  hour.  Practically  the 
unly  damage  done  to  the  micarta  propeller  was  the  re- 
moval of  a  little  paint  from  the  leading  edge,  while  with 


the  wooden  propeller  the  material  was  worn  away  con- 
siderably where  unprotected  by  metal  tips. 

^ — Uniformity  of  Material — The  physical  prop- 
erties of  several  specimens  of  the  same  kind  of  v;ood 
may  differ  greatly,  depending  partly  upon  the  percent- 
age of  moisture  present  and  partly  upon  the  natural 
construction  of  the  wood.  For  this  reason,  in  order  to 
make  wooden  propellers  which  will  give  fairly  consist- 


KICS.    I    .\xn   2 — MICARTA    ANP    WOODEN    PROPELLER    BLADES    AFTER   A 
SEVERE    WATER    SI'RAV    TEST 

cnt  performance  and  strength  tests,  and  also  to  prevent 
warping,  it  is  necessary  to  use  laminated  construction. 
This  method  does  not  secure  uniform  strength  through- 
out each  propeller  and,  while  some  propellers  of  a  cer- 
tain design  may  give  excellent  service,  others  will 
crack,  run  out  of  track,  or  flutter. 

Micarta  propellers  are  molded  with  sheets  of  ma- 
terial arranged  in  layers,  but  not  only  is  the  material 
com])osing  each   sheet   more   uniform   than   is  possible 
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'■with  wood,  but  a  much  greater  number  of  layers  are 
■used.     This  insures  uniform  construction. 

5 — Permanence  of  Shape — This  characteristic  of 
bakelite-micarta,  the  slight  change  and  deterioration 
when  exposed  to  severe  atmospheric  changes,  is  thought 
to  be  its  most  valuable  property.  The  one  big  objection 
to  wooden  propellers  is,  of  course,  warping.  Not  long 
ago  it  was  practically  impossible  to  use  a  wooden 
propeller  in  any  other  climate  than  where  it  was  made. 


evolution   of   a   successful   micarta   propeller  design    is 
largely  due. 

MICARTA  PROPELLER  FOR  CURTIS  TRAINING  PLANE 

The  first  propeller  design  submitted  by  the  Govern- 
ment engineers  was  for  the  Curtis  JN-4  primary  train- 
ing type  airplane.  The  shape  of  the  propeller  was  made 
as  simple  as  possible,  sacrificing  aerodynamic  qualities 
somewhat  to  facilitate  molding. 


IK',.    3 — 90    lIOkSE-POWER    MICARTA    PROPELLER 

Shown  mounted  on  balancing  ways. 

Recently  improved  methods  in  handling  and  finishing  Rating 

have  made  the  wooden  propeller  more  serviceable,  but  Revolutions'per  minute' '. '. '. '. '. '. '. ',        '. '. '. '. '.  T450 

they  still  have  a  very  short  life,  especially  in  hot  dry  Pitch  5  ft. 

regions  Diameter. 8  ft. 

°         '  Weight  micarta  only  36  lbs. 

A  micarta  propeller  was  exposed  to  the  sun,  rain  Weight  with  OX-s  metal  hub  45  lbs. 

.and  wind  during  the  whole  of  two  summer  months.     It  ^"^ht  with  special  keyed  hub  40.  lbs. 

was  not  given  a  protective  coating  of  any  kind.  Angle  The  manufacturing  equipment  for  this  propeller 
measurements  taken  before  and  after  exposure  dis-  "^'^^  necessarily  crude  and  inadequate.  However,  a 
•closed  an  average  change  of  less  than  0.2  degrees  and  a  number  of  propellers  were  produced  which  consistently 
■change  in  track  of  only  0.02  inches.  As  far  as  inspection  Passed  the  government  strength  tests  and  inspections. 
could  determine,  the  propeller  was  in  as  good  condi-  ^he  strength  was  greater  than  necessary,  800  horse- 
lion  as  when  it  was  put  out.  Two  propellers  were  Po^er  being  successfully  withstood  in  a  number  of 
placed  in  an  ordinary  shipping  trunk  and  sent  to  the  speed  tests.  The  flight  tests  were  very  disappointing,  as 
British  War  Department,  in  England,  together  with  a  the  propeller  allowed  the  engine  to  reach  100  to  125 
copy  of  our  blade  angle  measurements.  They  reported  revolutions  per  minute  higher  than  its  rated  speed  with- 
that  the  angles  had  not  changed.  ^"t  securing  any  better  plane  performance.  This  en- 
At  first  sight  the  problem  of  making  a  propeller  S'me  speed  was  entirely  too  high  for  safety  in  training 
from  bakelite  micarta  looked  difficult.  The  extreme  ^^Id  use  and  the  manufacturing  of  the  propeller  was 
hardness  and  toughness  of  the  product  made  machining  Anally  discontinued.  A  photograph  of  one  of  these 
■of  such  a  large  and  irregular  shape  impractical.     It  was  propellers  is  shown  m  Fig.  3. 

clearly  a  question  of  the  possibility  of  molding  directly  micarta  propeller  for  DH-4  combat  plane 

to  shape.     This  involved  the  molding  of  a  larger  mass  /^j(„f, 

than  had  ever  been  attempted  before  and  it  was  ques-  Horse-power  420  (Liberty) 

tionable  whether  uniform  quality  could  be  maintained  Revolutions  per  minute  1750 

throughout,  even  if  the  mechanical  difficulties  of  mold-  Diameter  ..... ..... ...... ...... ....... ..10  ft. 

ing   could   be   overcome.     During   the   progress   of   the  Plane  speed  132  miles  per  hr. 

,     .  f         J     I  1        1-  rr      1  ■  1  Weight  micarta  onlv   67 

work  it  was  round  that  the  difticulties  were  not  nearly  Weight  with  special' keyed  hub                   82 


4 — 420    HORSE-POWER    MICARTA    PROPELLER 


as  great  as  anticipated,  e.xcept  perhaps  that  the  quality 
of  the  material  and  workman.ship  had  to  be  held  within 
narrowed  limits. 

The  two  types  of  micarta  propellers  manufactured 
so  far  were  designed  by  the  Airplane  Engineering  De- 
partment, McCook  Field,  Dayton,  Ohio.  It  is  to  the 
■earnest  efforts  of  the  engineers  of  this  field  that  the 


In  designing  this  propeller  it  was  possible  to  take 
advantage  of  the  good  qualities  of  the  first  design,  and 
also  guard  against  its  imperfections.  As  a  consequence 
a  propeller  was  produced  which  possesses  adequate 
strength  and  gives  very  good  flight  performance.  The 
first  propeller  molded  was  tested  at  McCook  Field  in 
April    1919.     The   test   was  probably  the  most   severe 
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ever  given  a  propeller  of  this  size  and  was  as  follows : — 
Thirteen  hours  at  600  horse-power  propeller  input,  a 
speed  test  of  2100  r.p.m.  with  1326  horse-power  pro- 
peller input,  finally  25.25  hours  at  800  horse-power  in- 
put, when  failure  occurred  at  the  hub,  due  probably  to 
fatigue  in  material  overstressed  in  the  speed  test.  Fig. 
4  shows  this  propeller  before  test. 

Fig.  5  shows  the  results  of  comparative  flight  tests 
of  a  micarta  Liberty  propeller  and  a  wooden  propeller 
of  conventional  design.  A  regular  DH-4  airplane  was 
used.  It  will  be  seen  that  while  the  plane  speed  and 
climbing  rate  is  but  little  better  with  the  micarta  pro- 
peller than  with  the  wooden  one,  the  engine  speed  is  al- 
most  100  r.p.m.   lower,  signifying  a  higher  efficiency. 
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FIG.    5 — COMPARISON    OF    FLIGHT    TESTS 

The  lower  engine  speed  will  add  appreciably  to  its  life 
and  the  flying  radius  of  the  plane. 

METHOD  OF   MANUFACTURING 

Micarta  propellers  have  been  successfully  con- 
structed from  both  paper  and  cloth.  The  material  is 
impregnated  with  bakelite  and  a  definite  amount  placed 
in  the  mold.  Molding  is  conducted  at  a  high  temper- 
ature for  a  number  of  hours  under  several  hundred  tons 
pressure,  steam  being  used  for  heating  and  cold  water 
for  cooling.  The  mold  for  the  Liberty  propeller  is 
.shown  in  Fig.  6.  The  mold  is  shown  open  with  the 
bottom  pressing  plate  raised  in  such  a  position  that  the 
propeller  can  be  readily  removed. 

After  molding,  the  propeller  is  bored  and  fitted 
with  the  metal  hub.  In  boring,  the  hole  is  left  several 
thousandths  of  an  inch  under  size  and  the  hub  pressed 
in.     This  insures  a  tight  fit,  eliminates  chafing,  and  also 


relieves  the  driving  pressure  on  the  keyways  to  a  cer- 
tain extent.  With  the  hub  installed,  the  propeller  i» 
placed  on  a  curing  mold  similar  to  the  one  shown  in 
Fig.  7.  It  is  clamped,  thrust  face  down  on  a  surface 
having  angles  corresponding  to  those  of  the  propeller 
blades.     The  combination  is  then  placed  in  an  oven  and 


FIG,    6 — MIC.ART.\    PROPEIXEK    MOULDING    PRESS 

baked  at  a  low  temperature  for  a  number  of  hours, 
when  it  is  removed  and  allowed  to  cool  before  the 
propeller  is  undamped.  It  has  been  found  advisable  to 
cure  at  this  stage  of  the  manufacturing  process,  because 
of  the  fact  that  any  reasonable  error  in  track  or  blade 
angles  due  to  incorrect  alignment  while  boring  can  be 
rectified  in  the  curing  operation.  After  curing,  the 
propeller  is  given  a  coat  of  battleship  gray  paint  and 
several  coats  of  varnish.  This  forms  a  very  durable^ 
finish. 

One  more  characteristic  especially  fits  bakelite- 
micarta  for  propeller  use.  In  molding  micarta,  it  is 
very  easy  to  insert  metal  wires  or  strips  wherever 
needed  to  give  additional  strength  or  rigidity.  A  num- 
ber of  small  steel  wires  are  imbedded  in  the  material 
forming  the  leading  edge  of  the  propeller,  shown  in  Fig. 
4.  This  tends  to  make  the  pitch  of  the  propeller  self- 
adjusting,  preventing  the  blade  angles  from  increasing 
under  the  heavy  thrust  encountered  while  climbing. 

The  chief  drawback  to  the  extensive  application  of 
micarta  propellers  at  this  time  is  the  small  demand  for 


^•"^         ' 


FIG.  7 — CURING  Mnnin 
propellers  of  one  design.  Considerable  time  and  money 
is  required  to  construct  a  propeller  mold  and  this  is  not 
practical  unless  quantity  production  is  desired.  With 
the  increased  u.se  of  aircraft  in  the  future  the  merits  of 
bakelite-micarta  propellers  will  be  more  apparent. 
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Corona  'Mlest 

Wm.  Nesbit 

In  i8g8  Dr.  Chas.  F.  Scott  presented  a  paper  before  the  A.I.E.E.  describing  experimental  tests  (made 
during  several  years  previous)  relating  to  the  energy  loss  between  conductors  due  to  corona  effect.  These 
investigations  began  at  the  Laboratory  at  Pittsburgh  and  were  continued  at  Telluride,  Colorado,  in  con- 
junction with  the  engineers  of  the  Telluride  Power  Company.  Preliminary  observations  were  made  by 
Mr.  V.  G.  Converse  and  were  continued  in  notable  measurements  by  Mr.  R.  D.  Mershon.  These  investiga- 
tions were  later  followed  by  the  work  of  Professor  Ryan,  by  Mr.  R.  D.  Mershon,  Mr.  F.  W.  Peek,  Jr.,  Dr. 
J.  B.  Whitehead,  Mr.  G.  Faccioli  and  others.  The  electrical  profession  is  particularly  indebted  to  Mr.  Peek 
and  Dr.  Whitehead  for  the  large  amount  of  both  practical  and  theoretical  data  which  they  have  presented 
to  the  electrical  profession  on  the  subject.  Mr.  Peek  developed  and  presented  the  empirical  formulas 
which  follow,  for  determining  the  disruptive  critical  voltage,  the  visual  critical  voltage  and  the  power 
loss  due  to  corona  effect.  The  close  accuracy  of  Mr.  Peek's  formulas  has  been  confirmed  by  various  in- 
vestigators in  different  sections  of  the  country.  The  following  deductions  concerning  corona  have  to  a 
large  extent  been  previously  presented  by  Mr.  Peek. 


CORONA,  manifesting  its  presence  usually  by  an 
electrostatic  glow  or  luminous  discharges,  and 
audibly  by  a  hissing  sound,  was  clearly  observed 
and  studied  in  connection  with  electrostatic  machines. 
It  did  not  become  a  serious  factor  to  be  considered  in 
connection  with  the  design  of  commercial  electrical  ap- 
paratus until  the  increasing  generator  and  transmission 
voltage  emphasized  its  importance. 

Although  it  is  usual  to  think  of  corona  effect  only 
in  connection  with  high-voltage  transmission  lines,  it 
has  received  not  a  little  thought  of  late  by  the  designers 
of  high-voltage  generators  and  motors,  notably  large, 
high-voltage  turbogenerators.  By  effectively  insulating 
the  portion  of  the  conductor  embedded  in  the  iron  of 
the  armatures  of  alternating-current  machines,  particu- 
larly with  mica,  punctures  to  ground  due  to  corona  ef- 
fect are  not  likely  to  occur.  However,  at  the  ends  of 
the  armature  coils  (where  it  is  difficult  to  employ  mica 
for  insulating),  where  air  is  partially  depended  upc»i 
as  an  insulating  medium  between  coils  and  ground, 
corona  may  appear.  The  presence  of  these  corona 
stresses  results  in  disintegrating  and  weakening  some 
kinds  of  insulating  materials,  causing  them  to  break 
down  after  a  period  of  service.  This  deterioration  of 
insulation  may  be  due  to  local  heating,  mechanical  vi- 
bration or  chemical  formations  in  the  overstressed  air, 
such  as  ozone,  nitric  acid,  etc. 

Higher  voltages  are  being  chosen  as  an  economic 
means  for  reducing  loss  in  transmission.  These  higher 
voltages  may  result  in  corona  loss  far  in  excess  of  the 
saving  in  transmission  loss  due  to  the  adaptation  of  the 
higher  voltages.  It  is,  therefore,  pertinent  that  par- 
ticular consideration  be  given  to  the  limitation  of  corona 
loss  when  the  choice  of  conductors  is  made.  This  con- 
sideration will  sometimes  make  it  desirable  to  take  ad- 
vantage of  the  higher  critical  voltage  limits  of  aluminum 
conductors  (with  steel  reinforced  centers)  of  an  eqm'va 
lent  resistance,  due  to  their  greater  diameter;  or  it  may 
be  desirable  to  obtain  the  necessary  larger  diameter  by 
the  use  of  copper  conductors  having  some  form  of  non- 
conducting  centers   or,    for   still    larger   diameters,    of 


aluminum  conductors  having  such  centers,  in  order  to 
avoid  skin  effect.  The  use  of  copper  conductors  having 
hemp  centers  has  in  some  instances  given  mechanical 
trouble. 

The  critical  voltage  at  which  corona  becomes  mani- 
fest, is  not  constant  for  a  given  line,  but  is  somewhat 
dependent  upon  atmospheric  conditions.  Assuming  a 
hne  employing  conductors  just  within  the  critical  volt- 
age limitations  for  the  conditions  to  be  met,  the  corona 
loss  in  such  a  line  would  be  almost  negligible  during  fair 
weather,  but  during  stormy  weather,  (particularly  dur- 
ing snowstorms)  this  corona  loss  would  be  many  times 
what  it  is  during  fair  weather.  On  the  other  hand, 
.-^ince  the  storm  will  usually  not  appear  over  the  whole 
length  of  lines  at  the  same  time  and  since  storms  occur 
only  at  intervals,  it  may  often  be  economical  to  allow 
this  loss  to  reach  fairly  high  values  during  storms.  Fog, 
sleet,  rain  and  snowstorms  lower  the  critical  voltage 
and  increase  the  losses.  The  effect  of  snow  is  greater 
than  any  other  weather  condition.  Increase  in  tem- 
perature or  decrease  in  barometric  pressure  lowers  the 
voltage  at  which  visual  corona  starts. 

The  critical  voltage  increases  with  both  the  dia- 
meter of  conductors  and  their  distance  apart.  This 
sometimes  makes  it  desirable  to  use  aluminum  conduc- 
tors as  previously  stated.  It  also  increases  with  the 
horizontal  or  vertical  arrangement  of  conductors,  due 
to  the  fact  that  the  two  outside  conductors  considered 
as  a  pair  are  twice  as  far  apart  as  are  the  other  pairs. 
The  same  general  rules  apply  to  stranded  conductors  as 
to  solid  conductors,  the  actual  diameter  of  the  former 
being  considered  as  the  effective  diameter  of  the  con- 
ductor. 

The  losses  due  to  corona  effect  increase  very 
rapidly  with  increase  in  voltage  after  the  critical  voltage 
has  been  reached.  A  long  transmission  line  having 
considerable  capacitance  may  deliver  a  higher  voltage 
than  appears  at  the  generator  end  of  the  Tine  due  to 
capacitance  effect.  The  corona  loss  would  in  this  case 
be  greater  per  mile  at  the  receiving  end  than  at  the 
sending  end  of  the  line. 
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The  magnitude  of  the  losses,  as  well  as  the  critical 
voltage,  is  affected  by  atmospheric  conditions ; — hence 
they  probably  vary  with  the  particular  locality  and  the 
season  of  the  year.  Therefore,  for  a  given  locality,  a 
voltage  which  is  normally  below  the  critical  point,  may 
at  times  be  above  the  critical  voltage,  depending  upon 
changes  in  the  weather. 

The  material  of  the  conductors  does  not  seem  to 
affect  the  losses.  Sometimes  the  conductors  of  new 
transmission  lines,  when  first  placed  in  service  will  show 
visual  corona,  which  may  entirely  disappear  after  a  few 
hours  or  weeks  of  service.  This  may ,  be  due  to 
scratches,  particles  of  foreign  substances,  etc.,  on  the 
conductors  which  are  eliminated  after  the  voltage  stress 
has  been  kept  on  the  conductors  for  a  short  time.  Un- 
der such  conditions  the  corona  loss  will  also  become 
less  as  the  visual  effect  disappears. 

The  loss  of  power  due  to  corona  effect  increases 
with  frequency  and  increases  as  the  square  of  the  ex- 
cess voltage  above  a  certain  critical  voltage  referred  to 
as  the  "disruptive  critical  voltage"  e^.  This  disruptive 
critical  voltage  is  that  voltage,  at  which  a  certain  definite 
and  constant  potential  gradient  is  reached  at  the  con- 
ductor surface.  This  gradient  g^  is  30  kv  maximum 
(21. 1  kv  effective)  per  centimeter,  or  76.2  kv  maximum 
(53.6  kv  effective)  per  inch.  These  values  are  based 
upon  an  air  density  at  sea  level  (25°  C,  29.92  inches  or 
76  cm.  barometer).  This  gradient  is  independent  of 
the  size  of  conductors  and  the-r  distance  apart,  but  is 
proportional  to  the  air  density,  that  is  to  the  barometric 
pressure  and  the  absolute  temperatures.  It  may  be  con- 
sidered as  the  dielectric  strength  of  air.  The  presence 
of  corona  at  a  certain  point  of  the  system  shows  that  a 
critical  electric  stress  has  been  exceeded  at  that  point. 
The  corona  loss  is  also  proportional  to  the  square  root 
of  the  conductor  radius  r  and  inversely  proportional  to 
the  square  root  of  the  conductor  spacing. 

The  law  by  which  corona  losses  increase  with  the 
voltage  does  not  give  a  very  steep  curve,  but  a  rather 
mild  curve  following  the  quadratic  law  at  and  above  the 
critical  limit.  In  other  words  there  is  no  sharp  elbow 
in  the  curve  above  which  the  losses  increase  very  rapidly 
with  the  voltage  and  which  could  be  adopted  as  the 
normal  operating  point  of  the  circuit. 

Table  XXII,  indicating  the  voltage  limitations  due 
to  corona  effect,  has  been  worked  up  from  Mr.  F.  W. 
Reek's  formula  as  indicated  at  the  bottom  of  the  table. 
The  values  in  this  table  are  conservative  and  may  in 
many  cases  be  exceeded.  They  are  the  effective  e^  dis- 
ruptive critical  voltage  between  conductors  for  fair 
weather  based  upon  8  values  for  25  degrees  C.  {77 
degrees  F)  and  m„  values  of  0.87  for  cable  and  0.93 
for  wire.  With  these  table  values,  corona  loss  should 
not  be  excessive  during  storms.  If  the  values  of 
Table  XXII  indicate  that  the  conductors  contemplated 
are  close  to  the  limit  due  to  corona  effect,  a  careful 
check  should  be  made  by  the  formula  to  determine 
definitely  the  corona  loss  for  such  conductors  under 
storm  operating  conditions. 


F.    W.   PEEK  S  CORONA  FORMULAE 

Disruptive  Critical  Volts,  Fair  Weather  (parallel  wires) 

eo  =  ^.303  w/„  g„  8  ;-  logw  —  (-'o) 

effective  kv  to  neutral, — 
Visual   Critical   Volts — Fair  Weather    (parallel  wires) 
O.lSg 


Cy     =    3.30?    11/ 

clfective  kv  to  neutral 
Power  Loss   (fair  weather)- 


/  o./.Vy   \ 


h's:,, 


-'s)Jj:-  (<■-  ''o)'^/'>- 


(--/) 


(-^) 


8    ..     ,   -..^,^ 

kvv  per  mile  of  each  conductor 

Power  Loss  {Storm) — Storm  power  loss  is  higher  and  can 
generally  be  found  with  fair  approximation  by  assuming  e^  ^ 
0.80  times  fair  weather  1%.  It  generally  works  out  in  practice 
that  the  Co  voltage  is  the  highest  that  should  be  used  on  trans- 
mission  lines    {22 A ) 

All  of  the  above  voltages  are  to  neutral.  To  find  voltages 
between  lines  multiply  by  1.73  for  three-phase,  and  by  2  for 
single  phase. 

Notation — 

('      =  Effective  applied  voltage  in  kv  to  neutral. 

(This  will  vary  at  different  points  of  the  circuit  and 
at  different  loads.  At  low  loads  and  long  lines  of 
high  voltage  it  may  be  higher  at  the  receiving  end 
than  at  the  generator  end  due  to  inductive  capaci- 
tance) 

Co  =  effective  disruptive  critical  voltage  in  kv  to  neutral. 
It  is  the  voltage  that  gives  a  constant  break  down 
gradient  for  air  of  76  kv  maximum  per  inch,  the 
"elastic  limit"  at  which  the  air  breaks  down. 
Visual  corona  does  not  start  at  the  disruptive 
critical  voltage,  but  at  a  higher  voltage  e,. 

t'v  :=  effective  visual  critical  kv  to  neutral  (voltage  at 
which  visual  corona  starts) 

P  =  power  loss  in  fair  weather  in  kw  per  mile  of  single 
conductor. 

8  =  — TjRL-.  This  takes  care  of  the  effect  of  altitude 
459 +  t 

and  temperature,    (air  density).     It  is  /  at  25  de- 
grees C.  {77  degrees  F.)  and  29.92  inches  (76  cm.), 
barometric  pressure. 
(7„   :=  53.6  kv  per  inch  effective  (disruptive  gradient  of  air) 
h     =^  barometric  pressure  in  inches. 
/      =  maximum  temperature  in  degrees  F. 
/     =  frequency  in  cycles  per  second. 
«i„  =  irregularity  factor. 
=  I  for  polished  wires. 

=  0.98  to  0.93  for  roughened  or  weathered  wire. 
=  0.87  to  0.S3  for  cables. 
iHv  :=  Wo  for  wires  (i  to  0.93) 

=  0.72  for  local  corona  all  along  cables   (7  strands) 
=  0.82  for  decided  corona  all  along  cables  (7  strands) 
)■     =  radius  of  conductor  in  inches. 

s     ^=  spacing  in  inches  between  conductor  centers,  based 
upon   the  assumption  of  a  symmetrical   triangular 
arrangement.     For  three-phase  irregular  flat  or  tri- 
angular spacing  take  s  =^  (■  a/ic        .    For  three- 
phase  regular  flat  spacing  take  .f  =  1.26A. 
Theoretically,  if  the  conductors  were  perfectly  smooth,  no 
loss  would  occur  initil  the  critical  voltage,  £•»  is  reached,  when 
the  loss   should   suddenly  take  a   definite  value,   equal   to   that 
calculated  by  quadratic  law,  with  c,  as  the  applied  voltage  and 
Co  as  the  critical  voltage  in  the  equation.     It  should  then  follow 
the  quadratic  law   for  all  higher  voltages.     On  the  weathered 
conductors  used  in  practice,  the  quadratic  law  is  followed  over 
the  whole  range  of  voltage,  starting  at  e,>. 

Example : — In  order  to  show  the  variation  in  corona  loss 
at  dilTerent  voltages  and  for  different  weather  conditions.  Table 
D  has  been  calculated  for  No.  O  stranded  copper  conductors 
(105560  circ.  mils,  0.373  in.  diameter)  and  for  steel  reinforced 
aluminum  conductors  (167800  circ.  mils,  0.501  in.  diameter) 
having  an  quivalcnt  resistance  but  greater  diameter.  F.  W. 
Peck's  formulas  were  used  and  the  following  assumptions  were 
made : — 

/        =60  cycles. 
Wo     =  0.87 
»«T     r=  0.72 
g-     =  53-6 
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=  0.186  in.  for  copper  =  0.250  in.  for  alnminuni. 
=:  144  inches  (delta  arrangement  of  conductors). 
:=  28.9  corresponding  to  an  altitude  of  1000  feet. 
=  77  degrees  F.  and  therefore    8  =  0.967. 

=  774  for  copper  =:  576  for  aluminum 

logio  774  =  2.89  and  logio  576  -—  2.76 
=  0.036  for  copper  and  0.0415  for  aluminum. 


DISRUPTIVE  CRITICAL  VOLTAGE— Fair  Weather 

Co  =  3.302  mogo  S  r  logm  -^  {20) 

effective  kv  to  neutral 
For  the  Copper  Conductors 

eo  =  2.302  X  0.S7  X  53.6  X  0.967  X  0./56  X  2.Sg 
=  55.8  kv  to  neutral  (96500  volts  between  conductors). 
Table  XXII  gives,  by  interpolation,  the  limitation  of  ^o  for 
above  conditions,  as  96500  volts  between  conductors.  To  find 
e„  to  neutral  for  any  other  altitude  or  temperatures  insert  the 
corresponding  values  of  8  for  the  altitude  and  temperature  in 
the  formula. 

TABLE  D— WORKING  TABLE— 8    (DENSITY)  VALUES 
Altitude  and  Temperature  Correction  Factors 


8     = 


17.9b 


459  +  t 
t  =  temperature  in  degrees  F. 


where  b  ;=  barometric  pressure  in  inches  and 


Altitude  in 

Barometer 

8    Value 

s  for  Different  Temp.      | 

Feet 

In 

In  Cm. 

o°C. 

25°  C. 

50"  c. 

Inches 

(32"  F.) 

(77°  F.) 

(I22»  F.) 

Sea  Level 

30.0 

76.2 

1.09 

* 
I.OO 

0.925 

500 

29.45 

74-8 

1.07 

0.985 

0.910 

1000 

28.90 

73-3 

1.05 

0.967 

0.892 

1500 

28.30 

71.8 

1.03 

0.947 

0.873 

2000 

27.80 

70.7 

1. 01 

0.932 

0.860 

2500 

27.25 

69.2 

0.955 

0.912 

0.841 

3000 

26.80 

68.0 

0.980 

0.897 

0.827 

4000 

2575 

65.3 

0.940 

0.860 

0.793 

5000 

24.70 

62.7 

0.902 

0.827 

0.762 

6000 

23.90 

60.7 

0.875 

0.800 

0.738 

7000 

22.95 

58.3 

0.840 

0.770 

0.710 

8000 

22.05 

56.0 

0.805 

0.738 

0.682 

9000 

21.30 

54-1 

0.778 

0.712 

0.657 

10  000 

20.50 

52.1 

0.750 

0.687 

0.633 

12000 

19.00 

48.3 

0.697 

0.637 

0.588 

14000 

17-55 

44-7 

0.643 

0.588 

0.543 

15  000 

16.90 

42.9 

0.618 

0.566 

0.522 

*This  colurr 

n  contain 

s  the  va 

lues  for 

8  which 

were  used 

in  determining  the  values  of  Co  in  Table  XXII.  That  is,  the 
values  for  sea  level  in  Table  XXII  multiplied  by  these  8  values 
gives  the  Co  values  of  the  table  for  the  higher  altitudes. 

For  the  Aluminum  Conductors 

e„  =  2.302  X  o.8z  X  SJ-6  X  0.96/  X  0.2s  X  2.76 
=  71.5  kv  to  neutral  (123500  volts  between  conductors). 
Table    XXII    gives    (by   interpolation)    the    limitation    for 
above  conditions  as  123  500  volts  between  conductors. 

To  find  Co  to  neutral  for  any  other  altitude  or  temperature 
insert  the  corresponding  value  of  8     for  that  altitude  and  tem- 
perature in  the  formula. 
DISRUPTIVE  CRITICAL  VOLTAGE— Stormy  Weather 

t'o     during  storm  =  approximately  80  percent  e<,  during 
fair  weather. 

For  the  Copper  Conductors 

ec     for  storm  ^  55.8  X  0.80  =  44.6  kv  to  neutral  or 
77  000  volts  between  conductors. 

For  the  Aluminum  Conductors 

00     for  storm  =  715  X  0.80  =  57.2  kv  to  neutral  or 
98800  volts  between  conductors. 

VISUAL  CRITICAL  VOLTAGE— Fair  Weather 


,   =   2.302  )«v  g. 

effective  kv  to  neutra 


s>  „  /  o./Sg   \  s 


For  Copper  Conductors 
e,  =  2.302X0.72X33.6X0  g67Xo./S6l/+——j  2.S9 

=:  66.4  kv  to  neutral    (115  000  volts  between  conductors). 

To  find  Cv  to  neutral  for  any  other  altitude  and  temperature, 
insert  the  corresponding  values  of  S  for  that  altitude  and  tem- 
perature in  the  formula  above. 

For  the  Aluminum  Conductors 

(o./Sg  \ 
/+  „^^,  )  2.76     . 

^  82  kv  to  neutral   (141  500  volts  between  conductors). 

To  find  ^T  to  neutral  for  any  other  altitude  and  temperature, 
insert  the  corresponding  values  of    8  for  that  altitude  and  tem- 
perature in  the  formula  above. 
POWER  LOSS 


+    ..)^^(^--.o)  = 


.(^^) 


kw  per  mile  of  each  conductor 

The  corona  power  loss  corresponding  to  various  conditions 
for  the  above  circuit  has  been  calculated  by  formulae  (22)  and 
(22A).  They  are  given  in  Table  E.  However,  in  order  to 
illustrate  the  application  of  the  power  loss  formula  the  losses 
for  the  following  conditions  are  determined  below.  Assuming 
that  the  No.  o  stranded  copper  conductors  will  be  operated  at 
105  kv  between  conductors   (60.7  kv  to  neutral). 

For  Fair  Weather — Max.  Temp.  50  degrees  C.  (122  degrees 
F.)— £„  =  51.3  kv. 


390 


(/  + 


-'i)^; 


{e  -  e,Y 


.(22) 


kw  per  mile  of  each  conductor 
3  go 
^  "  o.Sg2    ^^°  +  ^.5)  X  0.036  {60.7  -  5/.J)-'  /o-s 

=  1.2  kw  per  mile  of  each  conductor  or  3.6  kw  per  mile 
for  three  conductors. 

For  Stormy  Weather — Max.  Temp.  25  degrees  C.   (77  de- 
grees F.)— £„  =  55.8  X  0.8  =  44.6  kv. 


P  = 


390 


o.g67   (^°  +  ^■^)  X  °-°.^^  ^^"-^  ~  44Ay^  'o-'-'  (22 A) 
=  3.2  kw  per  mile  of  each  conductor  or  9.6  kw  per  mile 
for  three  conductors. 

By  applying  formula  (20)  to  the  above  case  it  develops 
that  the  fair  weather  values  of  Co  are  for  25  degrees  C.  (77 
degrees  F.)  96500  kv  and  for  50  degrees  C.  (122  degrees  F.) 
38  800  kv  between  conductors.  Table  XXII  values  for  25  de- 
grees C.  (77  degrees  F.)  confirm  this. 

Table  E  values  for  corona  loss  indicate  that  No.  o 
copper  conductors  can,  with  144  inch  delta  arrangement 
of  conductors  and  1000  ft.  elevation  be  used  at  line  volt- 
ages as  high  as  100  000  volts  without  excessive  corona 
loss  during  stormy  weather.  At  100  000  volts  and  as- 
suming a  25  degrees  C.  (77  degrees  F)  temperature  dur- 
ing fair  weather  and  storm  conditions,  the  corona  losses 
would  be  0.1  kw  per  mile  for  fair  weather  and  6.5  kw 
per  mile  for  stormy  weather.  If  the  transmission  is 
single  circuit  100  miles  long  and  without  branches,  has 
an  average  altitude  of  1000  feet  and  the  storm  condition 
existed  throughout  the  length  of  the  circuit,  the  power 
loss  due  to  corona  would  be  6.5  X  100  or  650  kw.  The 
capacity  of  such  a  circuit  at  100 000  volts  (see  Table 
XX)  would  be  roughly  15000  kw  at  ten  percent  PR 
loss.     The  storm  corona  loss  therefore  would  represent 

650 

or  4.3  percent.     This,  in  addition  to  ten  percent 

PR  loss,  would  represent  approximately  14  percent  loss 
in  transmission  during  the  storm  conditions. 

In  the  above  case  it  would  probably  be  considered 
good  engineering  (so  far  as  corona  loss  is  concerned.) 
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TABLE  XXII- APPROXIMATE  VOLTAGE   LIMITATIONS 
RESULTING   FROM   CORONA 


STRANDED     COPPER     CONDUCTORS 


Ot«CUt-«» 

t  5 
1  z 

ELEV.T,<» 

LIMIT  IN  KILOVOLTSlBETWEEN!  CONDUCTORS 
3   PHASE  FOR  VARIOUSI  SPACINQSI       X 

™ 

II 

ELEVATIO 

UMIT  IN  KILOVOLTS  BETWEEN  CONDUCTORS 
3  PHASE  IFOfl  VARIOUS  SPACINGS      X 

"" 

3 
FT 

4 
FT 

6 

FT. 

6 

FT 

7 

FT 

a 

FT. 

9 

FT 

II 

FT 

13 
FT 

15 
FT 

19 
FT 

25 

FT 

3 

FT 
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FT 

6 
FT 

6 

FT 

7 
FT 

A 
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FT 
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FT 
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FT 
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FT 

19 

FT 

26 
FT 

4 

232 

MOO 

S4 
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St 
S9 

se 

Si 

42 

to 
SS 

43 
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49 

49 

44 
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48 
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S3 
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85 

79 
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99 
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85 
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no 
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94 

3 
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iZ 
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iZ 

6<, 
44 

iS 
44 
43 

4f 
47 
44 

70 
&S 
iS 
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to  operate  the  No.  o  copper  conductors  at  as  high  a  line  aluminum  conductor  having  a  greater  diameter  but  an 

voltage  as  100 000  volts.     If  hov;ever,  for  other  reasons,  etjuivalent  cross  section  to  that  of  the  No.  O  copper  con- 

120000  is  selected  as  the  desirable  operating  voltage,  ductor  should  be  selected, 
then  either  a  larger  diameter  copper  conductor  or  an 


T.'iBLE  E— COMI'.'XKISON  Ol"  CORONA  LOSS 


For  No.  0  Stranded  Copper  Conductors  105560  cir.  mi 
Conductor  Spacing  (s)  Delta  =  144 

(diameter  0.373  in.)  and  eiiuivalent  .Murninum 
in.      Altitude  1000  feet— Barometer  28.9  inches. 

Conductors  167800  cir. 
Calculated  from  formu 

mil  (diam 
la  (22) 

cler  0.501 

n.) 

Kilovolts 

Corona  Loss  in  Kw.  per  Mile  for  Three  Conductors  at  60  Cycles 

Fair  Weather— (Formula  22) 

Stormy  Weather— (Formula  22-A) 

Between 

Conduct- 
ors 

To 
Neutral 

No.  0  Copper 
Radius  0.186  in. 

Aluminum 
Radius  0.25  in. 

No.  0  Copper 
Radius  0.186  in. 

Radius  0.25  in. 

o°C 

33°  F 

0=  1.05 

e.  =  60.5 

77°  F 
8=0.967 

«o  =  55-7 

50"  C 

122°  F 

8  =  0.892 

«o  =  51-3 

0"  C 

32°  F 

0  =  1 .05 

<-,  =  77-5 

8  =  0.967 

"•o  =  71-5 

,^°S 

S  =  0.892 

e„  =  66.0 

0°  C 

32°  F 

0  =  1 .05 

f„  =  48.4 

25»C 

77°  F 

8=0.967 

«-.  =  44-5 

50°  C 

122"  F 
8=0.892 

Co  =  41.0 

o°C 
32°  F 

6  =  1.05 
e„  =  62. 

25°  c 

77°  F 

8  =  0.967 

e„  =  57-2 

50°  c 

122°  F 
8=0.892 
"«  =  52.7 

\z 

57.S 
63.5 
69.2 

?:i 

O.I 

2.3 
6.7 

12^8 

0 

I 

0,4 

7.8 
14.8 

6.5 
13-3 

1 1 -3 
20.3 
32.0 

° 

1-7 
6.2 

4-6 
12.6 

>io 

1(0 

130 

75-1 
S0.8 
86.7 

7-25 
1 3-8 
22.4 

13-9 
23.3 
35-5 

22.6 
34-8 
50.2 

0.3 
3-3 

0.5 
3-7 
9-9 

3-8 

lO.I 

19-7 

24.4 
3S.8 
50.2 

34.6 
48.7 
66. 

46.5 
637 
84. 

6.7 
13-9 
24- 

23.8 
37-2 

53-3 

160 
180 

92.4 
104.8 

ii:o 

49.8 
89.0 

67.7 
115.0 

8.7 
29-3 

18.7 
47-3 

32.2 
69.5 

66. 
108. 

85. 
135- 

106. 
163. 

36. 
72. 

.53- 
96. 

73- 
125- 

Note:    At  25  cycles  the  losses  would  be 


would  be  reduced  below  X\ 
installation,  be  greater  tha 
the  table  values. 


f  +  25 
for  delta  or  triangul; 
(upon  which  basis  the  table  val 


-times  the  above  table 


25_+J5._ 

60  +  25       85  ' 

gement.     For  the  highe 
are  given)  thus  g 


For  conductors 


voltages  in  the  above  table 

»ing  actually  less  corona  loss  for  the  higher  voltagi 


(flat  spacing)  the 
ductor  spac 
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THE  essential  part  of  any  contactor  is  the  contact 
and  arc  rupturing  means.  Whether  the  contact 
is  closed  by  hand,  by  magnet  or  by  an  air  cyl- 
inder, it  is  important  that  the  contactor  be  able  to  in- 
terrupt the  current  and  to  operate  repeatedly.  The 
rolling  contact  is  the  most  reliable  type  now  in  use,  but 


D.  James* 

through  the  arc  of  a  circle  and  the  movable  contact  is 
tilted  forward  so  that  its  tip  comes  in  contact  with  the 
stationary  contact  tip.  A  further  movement  of  the 
magnet   armature   causes  the  movable   contact   to   roll 


ACTION  OF  ROLLING  CONTACT 


an  analysis  of  various  designs  uidicates  a  considerable 
variation  in  performance. 

The  rolling  contact  is  shown  in  Fig.  i.  Usually  the 
movable  contact  member  is  attached  to  the  armature  of 
the  magnet  and  mounted  on  an  auxiliary  pivoted  mem- 
ber designated  as  the  contact  support.  The  pivot  of 
this  contact  support  approaches  the  stationary  contact 


♦Revised  by  the  Author  from  a  paper  before  the  Assoc,  of 
Iron  &  Steel  Electrical  Engineers,  Sept.  1919. 


FIG.    2 — SECTION    THROUGH     MAGNETIC    BLOWOUT    CONTACTOR    WITH 
ARC  SPLITTER 

against  the  stationary  contact  until  the  heels  or  bottom 
parts  of  the  contacts  are  in  engagement.  An  important 
part  of  the  design  is  the  relation  between  the  pin, 
around  which  the  contact  support  rotates,  and  the  posi- 


490 


THE  ELECTRIC  JOURNAL 


tion  of  the  contacts.  The  action  of  the  contacts  against 
each  other  cannot  be  a  true  rolling  action,  as  the  contact 
support  hinge  pin  rotates  through  a  circle  and  therefore 
its  center  moves  up  and  down,  due  to  this  rotating  ac- 
tion. The  least  amount  of  sliding  is  obtained  when  the 
moving  contact  center  is  located  so  that  it  moves  at  an 
equal  distance  on  either  side  of  the  line  drawn  from  the 
heel  of  the  contact  to  the  armature  hinge  pin.     Even 

with  this  arrange- 
ment of  centers  there 
is  always  sufficient 
sliding  action  to  keep 
the  contacts  clean. 
Excessive  sliding  ac- 
tion causes  additional 
mechanical  wear  on 
the  contact  and  in 
this  way  reduces 
their  life.  An  en- 
durance run  on  con- 
tactors having  differ- 
ent amounts  of  slid- 
ing action  makes  the 
results  of  this  wear- 
ing away  of  the  con- 
tacts very  evident. 

Excessive  sliding 
action  is  also  disad- 
vantageous from  an- 
other point  of  view. 
If  the  surfaces  of  the 
contacts  become 
rough,  they  have  a  tendency  to  lock  together  and  pre- 
vent the  sliding  action.  While  this  locking  together  is 
not  absolutely  positive,  it  has  been  found  sufficient,  in 
cases  where  the  sliding  action  is  excessive,  to  prevent 
the  armature  of  the  magnet  from  closing. 

When  a  magnetic  contactor  is  closed  the  contacts 
strike  together  with  considerable  force  and  there  is  a 
slight  rebound.  When  the  contact  rebounds,  it  draws 
a  small  arc  which  softens  the  surface  of  the  contacts  at 
the  point  where  they  touched.  If  these  contacts  are  per- 


FIG.   3 — PRESSED    STEEL    M.'VGNETIC 
CONTACTOR   WITH    ARC    SPLITTERS 


ture  has  travelled  closer  to  the  magnet  core  and  the 
center  carrying  the  contact  support  is  in  a  new  position, 
so  that  contact  is  re-established  at  another  place.  This 
action  was  very  nicely  illustrated  by  a  test.  A  magnetic 
contactor  was  connected  to  full  load  with  a  large  con- 
denser across  the  terminals.  As  a  condenser  produces 
a  heavy  discharge  at  the  instant  a  contact  is  established, 
this  property  is  frequently  used  for  the  purpose  of 
welding  small  wires  together.  A  condition  was  thus 
established  which  would  materially  increase  the  chances 
of  welding  at  the  instant  of  contact.     The  fact  that 'this 


FIG.    4 — ACTION   OF   MAGNETIC  BLOWOUT 

At  left — without  arc  splitter. 

At  right — with  arc  splitter — same  load. 

condition  actually  existed  was  demonstrated  by  closing 
the  contacts  slowly,  which  caused  them  to  weld  readily. 
When  the  contactor  was  closed  by  the  action  of  the 
magnet,  although  a  large  number  of  operations  were 
made,  not  a  single  weld  was  obtained,  the  rolling  action 
being  sufficient  to  prevent  welding. 

The  closer  the  center  of  contact  support  is  to  the 
contact,  the  greater  the  lever  action  exerted  by  the  clos- 
ing means  and  therefore  the  greater  ease  with  which  a 
welded  contact  may  be  broken  apart.  This  is  of  par- 
ticular value  in  connection  with  manuallv-actuated  con- 


FIG.    5   -ACTION   OF   66oO   VOLT    MAGNETIC   CONTACTOR 

Tested  with  a  3000  volt  direct-current  short-circuit.  Re- 
sistance of  circuit,  0.941  ohms.  Inductance  of  circuit,  23  milli- 
henries. 

mitted  to  come  together  at  the  same  point  after  the  re- 
bound, there  will  be  a  decided  tendency  to  weld  or 
freeze,  due  to  the  softened  metal  parts  coming  into  con- 
tact. This  re-establishment  of  contact  at  the  same 
point  is  prevented  by  the  closing  movement  of  the  mag- 
net armature.     During  the  period  of  rebound,  the  arma- 


HG.    h      ACno.X    OF  OOOO  volt   AIR-IiREAK    M.\GNETIC   CONTACTOR 

Tested  with  two  contacts  in  series  on  6600  volts,  950  amperes, 
60  percent  power- factor. 

tactors,  as  these  are  more  likely  to  be  welded,  due  to 
improper  operation.  If  the  contact  is  closed  by  a  cam, 
the  operator  can  exert  a  very  powerful  force  to  break 
open  any  ordinary  weld. 

The  life  of  the  contacts  and  arc  box  depends  upon 
the  efficiency  of  the  magnetic  blowout.     The  function 
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of  this  blowout  will  be  better  understood  by  a  brief  de- 
scription of  the  action  which  takes  place  in  the  arc  box. 
The  arc  may  be  considered  as  consisting  of  a  stream  of 
positively  and  negatively  charged  gaseous  particles  or 
ions  that  travel  rapidly  from  one  contact  to  the  other. 
This  stream  of  rapidly  moving  ions  constitutes  the  arc 
current  between  the  contact.s.  Since  it  is  a  flexible  con- 
ductor   it    can   easily   be    stretched    out   lengthwise    or 


FIG.    7 — CONTROLLER   FOR   A    COLD   ROLL    MILL 

The  cam  operated  contactors  are  used  for  short-circuiting 
the  armature  resistance.  The  cam  shaft  is  driven  by  a  pilot 
motor  mounted  on  the  back  of  the  panel.  In  this  particular 
controller  the  last  two  contactors,  which  are  connected  in 
parallel  for  short-circuiting  the  entire  armature  resistance,  have 
a  continuous  capacity  of  800  amperes. 

readily  deflected.  If  a  transverse  magnetic  field  is  ap- 
plied to  this  conductor,  the  reaction  between  the  con- 
ductor and  the  field  will  be  similar  to  the  action  which 
takes  place  in  a  motor  where  a  conductor  carrying  cur- 
rent is  placed  in  a  magnetic  field.  The  conductor  moves 
in  the  same  direction  as  it  would  in  a  motor.  This 
movement  increases  its  length,  which  cools  the  arc  gases 
and  increases  the  resistance  to  the  flow  of  current.  The 
increased  length  makes  it  more  and  more  difficult  for 
the  voltage  across  the  arc  to  maintain  the  flow  of  ions, 
until  finally  the  arc  is  ruptured.     The  length  of  the  arc 
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FIG.   8 — SIDE   GUARD   CONTROLLER 

With  this  controller  no  accelerating  contactors  are  used, 
the  resistance  in  series  with  the  armature  being  left  permanently 
in  circuit.  This  allows  the  side  guards  to  travel  up  against  the 
billet  and  jam  the  motor  in  this  position  with  a  limited  amount 
of  current.  In  going  in  the  opposite  direction,  a  slow-down  re- 
sistance is  used  in  shunt  with  the  armature,  as  well  as  a  dynamic 
brake  resistance.  This  materially  simplifies  the  usual  form  of 
reversing  controller  and  requires  only  six  contactors,  two  of 
which  are  provided  with  back  contacts  for  dynamic  braking. 

depends  upon  the  amount  of  current  flowing  when  the 
arc  is  established,  upon  the  voltage  between  the  contacts 
and  upon  the  stored  energy  in  the  circuit.     The  length 


of  this  arc  may  readily  be  influenced  by  the  design  of 
the  arc  box  and  blow-out  field. 

In  addition  to  the  ions  which  make  up  the  flexible 
conductor,  some  stray  ions  accumulate  in  the  arc  box. 
If  the  distance  between  the  contacts  is  small,  the  volt- 
age between  the  contacts  may  cause  these  stray  ions  to 


FIG.   9 — DI.\GRAM  OF  CONNECTIONS  OF  CONTROLLER  SHOWN  IN  FIG.  8 

re-establish  the  arc  by  forming  a  new  flexible  conduc- 
tor. Oscillograph  records  show  that  sometimes  the  arc 
is  re-established  two  or  three  times  before  it  is  finally 
interrupted.  The  re-establishment  of  the  arc  depends 
upon  the  design  of  the  arc  box  and  the  separation  of 


FIG.    10 — CAM     TYPE     DRUM     CONTROLLER     WITH     LEVER     OPERATING 
HANDLE 

This  type  of  controller  is  particularly  desirable  on  cranes 
and  hoists,  and  most  master  switches  and  small  controllers  are 
equipped  in  this  way. 

the  contacts.     The  higher  the  voltage,  the  greater  the 
separation    required.      If    two    contactors    are    used    in 


492 


THE  ELECTRIC  JOURNAL 


series,  there  is  much  less  UabiHty  of  the  arc  re-estab- 
lishing itself.  The  two  breaks  in  series  also  assist  in 
rupturing  the  arc,  as  they  require  the  maintenance  in 
series  of  two  flexible  conductors  made  up  of  ions.  They 
also  distribute  the  heating  effect  between  two  or  more 
arc  boxes. 

To  rupture  an  arc,  it  is  necessary  to  lengthen  the 
arc  path,  so  as  to  increase  the  resistance,  and  therefore 
decrease  the  current,  and  at  the  same  time,  to  cool  the 


FIG.    II — L.MII.E  CKANIi  CONTROLLER  FOR  TWO   MOTORS  GE.^RED  TO  THE 
SAME    LO.VD 

Simultaneous  operation  of  both  motors  is  ensured  by  using 
double  pole  switches  and  connecting  one  motor  to  each  pole,  so 
that  the  time  of  switching  for  each  motor  will  be  the  same. 
The  accelerating  relays  are  connected  in  the  armature  circuit 
of  one  of  the  motors,  on  the  assumption  that  the  motors  are 
adjusted  to  divide  the  load.  A  number  of  devices  have  been 
tried  for  making  single-pole  contactors  operate  together,  but 
the  time  clement  of  the  contactors  changes,  due  to  friction,  dirt, 
etc.,  and  the  safest  way  is  to  tic  the  two  circuits  to  the  same 
magnet. 

arc.  The  contacts  should  also  be  separated  far  enough 
to  prevent  a  re-establishment  of  the  arc,  or  two  or  more 
breaks  should  be  used  in  series  for  this  same  purpose. 
The  cooling  of  the  arc  vapor  and  lengthening  of 
the  arc  path  is  usually  accomplished  with  a  magnetic 
blowout.  This  lengthening  and  cooling  may  be  ma- 
terially assisted  by  interposing  barriers  or  arc  split iers 
in  the  path  of  the  arc,  Fig.  2.  The  ions,  which  main- 
tain this  arc  stream,  are  not  only  cooled  and  discharged 
by  contact  with  the  sides  of  the  arc  box  and  the  sur- 
rounding air,  but  are  al.so  cooled  by  coming  in  contact 
with  these  arc  splitters.  The  length  of  the  arc  is  also 
materially  increased  while  it  is  still  under  the  influence 
of  the  blowout  field,  by  stretching  it  across  these  arc 
splitters.  The  projection  or  throw  of  the  arc  beyond 
the  edge  of  the  arc  box  is  therefore  decreased  and  much 
greater  energy  can  be  broken  in  the  same  size  of  arc 
box.  If  the  arc  extends  a  considerable  distance  be- 
yond the  edge  of  the  arc  shield,  it  ceases  to  be  under 
the  influence  of  the  magnetic  field  and  may  continue 
to  hang  on  for  an  appreciable  length  of  time.  The 
burnir.g  on  the  contacts  and  arc  box  for  any  given  cur- 


rent depends  upon  the  length  of  time  the  arc  is  main- 
tained. The  further  the  arc  must  travel  in  order  to  be 
ruptured,  the  greater  the  time  of  burning.  By  using 
these  arc  splitters,  the  arc  is  extinguished  more  quickly 
and  therefore  the  ainount  of  burning  is  decreased. 

The  material  of  which  the  arc  shield  is  made,  bears 
an  important  relation  to  the  duration  of  the  arc.  Many 
asbestos  compounds,  now  in  the  market,  contain  a 
binder,  which  is  fused  by  the  arc  and  forms  a  conduct- 
ing skin  on  the  side  of  the  arc  box.  Tests  made  with 
certain  well-known  asbestos  compounds  showed  thTt 
after  the  arc  has  been  ruptured  several  times,  the  time 
of  rupturing  was  materially  increased,  the  amount  de- 
pending upon  the  design  of  the  box.  It  is  tlierefore 
very  desirable  to  construct  arc  boxes  of  material  which 
does  not  form  this  conducting  skin.  The  more  refrac- 
tory the  material,  the  greater  the  life  of  the  arc  box. 
In  a  number  of  cases  carborundum  has  been  molded  in 
the  arc  shield  directly  opposite  the  points  of  the  contact, 
but  it  is  not  a  good  insulator  and  cannot  be  depended 
upon  alone  for  the  necessary  insulation  in  high-voltage 
boxes. 

Contactors  using  these  arc  splitters  are  shown  in 
Fig.  3.  These  are  made  of  pressed  steel  which  reduces 
the  weight  of  the  armature  to  a  minimum  and  reduces 
the  magnetic  lag,  so  that  the  contactors  close  and  open 
more  quickly  than  cast  iron  contactors.  In  addition  to 
this  quick  operation,  the  center,  around  which  the  con- 
tact support  rotates,  is  very  close  to  the  contacts,  giv- 
ing a  quick  rolling  action. 

Improvements  in  arc  rupturing  means  are  apparent 
in  the  design  of  the  6600-volt  airbreak  contactor  illus- 
trated in  Fig.  4.  A  very  interesting  test  was  made  on 
this  contactor  by  causing  it  to  rupture  a  3000  volt  di- 
rect-current circuit  carrying  3750  amperes  and  an  in- 
ductance of  23  millihenries.  The  oscillograph  records 
of  this  test  are  shown  in  Fig.  5.  The  oscillograph 
shows  that  the  circuit  was  ruptured  in  0.033  second 
Scheme  of  Main  Connections. 
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FIG.    12-    IlL\r,U.\.M  OF  CONNECTION  OF  CONTROLLER  SHOWN  IW  FIG.  II 

and  that  the  arc  did  not  reform.  The  entire  circuit 
was  broken  on  one  contactor  a  number  of  times  without 
any  apparent  distress  or  liability  of  failure.  This  same 
contactor  was  tested  on  a  6600  volt  alternating-current 
circuit  using  two  breaks  in  series.  As  shown  in  Fig.  6, 
the  rupture  took  place  in  0.054  second.  In  making  rup- 
turing tests  on  alternating-current,  care  should  be 
taken  to  see  that  the  tests  are  made  at  a  low  power- 
factor.     If  the  power  factor  is  100  percent,  the  current 
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passes  through  zero  at  the  same  time  that  the  voltage  is 
at  zero,  and  it  is  easy  to  extinguish  tlie  arc.  If  the 
power- factor  is  50  percent  or  less,  the  current  passes 
through  zero  while  the  voltage  is  close  to  maximum,  and 
is  available  for  re-establishing  the  current  before  the 
gases  have  an  opportunity  to  cool  down. 

Where  a  large  motor  is  started  and  stopped  fre- 
quently, such  as  in  hoist  service,  it  is  preferable  to  use 
an  air  break  contactor.  An  oil  immersed  contactor 
forms  carbon  in  the  oil  each  time  the  circuit  is  broken ; 
an  accumulation  of  this  carbon  will  ultimately  interfere 
with  the  proper  operation  of  the  contactor.  Each  time 
the  arc  is  broken,  the  heat  is  transmitted  to  the  oil, 
which  in  turn  must  radiate  it  from  the  outside  of  the 
case  or  tank.  Repeated  opening  and  closing  will  very 
materially  increase  the  temperature  of  the  oil,  so  that 
it  is  necessary  to  have  a  tank  of  proper  proportions  to 
absorb  and  radiate  this  energy  without  raising  the  oil 
to  a  dangerous  temperature.  These  limitations  have 
usually  led  engineers  to  prefer  the  air  break  contactor 
for  frequent  operation. 

High-voltage  contactors  have  large  and  heavy  arc 
shields,  so  that  it  is  difficult  to  inspect  or  repair  the  con- 
tacts by  removing  the  arc  shields.  They  are  sometimes 
provided  with  a  detachable  window  in  the  side  of  the 
arc  box,  which  can  easily  be  removed  for  inspecting 
and  repairing  the  contacts. 

Next  to  the  contact  and  magnet  blowout,  the  o[)er- 
ating  coil  of  a  contactor  or  the  low-voltage  coil  of  the 
manual  controller  is  a  very  important  item,  which  has 
been  materially  improved,  due  to  better  materials  and 
better  processes.  The  coil  is  wound  on  a  central  insu- 
lating tube.  The  winding  consists  of  enamel  wire  with 
cotton  woven  between  the  layers.  At  the  same  time, 
a  cotton  washer  is  woven  on  either  end  of  the  windings. 
After  the  coil  is  wound,  the  insulating  end  washers  are 
put  in  place  and  a  terminal  clip  is  soldered  to  the  ends 
of  the  coil.  Where  the  coil  wire  is  small,  flexible  cable 
is  attached  to  the  end  of  the  wire  and,  after  wrapping 
around  the  coil  several  times,  is  soldered  to  the  terminal. 
These  terminals  are  held  in  place  by  tape  on  the  outside 
of  the  coil.  The  completed  coil  is  then  impregnated 
with  an  insulating  compound.  After  being  thoroughly 
baked,  it  is  dipped  into  a  varnish  and  again  baked. 
The  varnish  treatment  may  be  repeated  several  times, 
depending  upon  the  requirements.     The  gum  used  for 


impregnating  must  have  sufficient  elasticity  so  that  the 
continual  cooling  and  heating  of  the  coil  will  not  cause 
minute  cracks  in  the  insulation.  The  use  of  the  cotton 
washers  at  either  end  of  the  windings  is  to  absorb  the 
impregnating  gum  and  form  a  seal  to  prevent  creepage 
from  the  windings  to  the  Core  of  the  magnet  through 
the  joint  formed  by  the  end  washers. 

In  order  to  test  this  insulation,  coils  of  various 
sizes  were  impregnated  with  a  new  gum,  which  will  be 
designated  as  "No.  3  gn^m";  other  coils  were  impreg- 
nated with  another  well-known  form  of  insulating  com- 
pound which  had  previously  been  extensively  used  for 
coils.  All  the  coils  were  placed  in  an  oven  which  was 
maintained  at  50  degrees  C,  while  current  was  passed 
through  the  coils.  Their  temperature  when  measured 
by  resistance,  was  140,  160  and  180  degrees  C.  This 
temperature  was  maintained  constant  for  2000  hours. 
The  older  form  of  insulation  deteriorated  very  quickly 
at  i6o  degrees  C.  and  at  140  degrees  C.  it  was  in  very 
poor  condition  at  the  end  of  600  hours.  The  coils  with 
the  No.  3  impregnating  compound  remained  operative 
at  180  degrees  C.  for  1600  hours.  The  160  degrees  C. 
coils  were  still  in  good  condition  at  the  end  of  2000 
hours,  but  after  cutting  them  open  the  microscope 
showed  that  they  vv<ere  beginning  to  deteriorate.  The 
coils  having  the  No.  3  impregnating  compound  and  op- 
erating at  140  degrees  C.  showed  no  signs  of  deteriora- 
tion when  cut  open  after  the  2000  hour  run.  This  com- 
pound has  been  used  for  several  years  with  very  good 
results.  The  absence  of  lead  wires  and  the  substitu- 
tion of  terminals  makes  the  coils  much  easier  to  handle 
and  store  and  eliminates  the  trouble  due  to  breaking  of 
leads. 

Series  coils  may  be  impregnated  in  the  same  way, 
as  they  are  subject  to  the  same  insulation  breakdowns 
as  shunt  coils.  The  older  forms  of  shunt  coils  would 
sometimes  open  circuit,  due  to  vibration,  but  by  using 
an  impregnating  compound  which  thoroughly  penetrates 
all  parts  of  the  coil,  this  trouble  has  been  eliminated. 
A  modern  shunt  coil  seems  to  be  just  as  reliable  as  a 
well  made  series  coil  and  very  much  easier  to  handle 
on  account  of  the  small  connections.  The  writer  be- 
lieves that  from  now  on,  a  preference  will  be  shown  for 
shunt  coils  because  of  their  equal  durability  with  a 
series  coil  and  because  they  eliminate  the  heavy  con- 
nections. 


G.  Y. 

DURING  the  past  ten  years,  the  art  of  radio  com- 
munication has  advanced  at  a  rate  comparable 
with  few  other  scientific  achievements.  The 
advent  of  a  fuller  understanding  of  the  laws  governing 
radio  frequency  phenomona  brought  with  it  a  demand 
for  instruments  capable  of  measuring  accurately  the 
quantities  dealt  with.  Engineers  who  have  been  con- 
nected with  the  development  of  electric  power  will  dis- 
tmctly  remember  the  crudity  of  measuring  instruments 
in  the  early  days,  and  how  serious  a  handicap  such  a 


Allen 

powered  shore  stations,  was  thrust  upon  the  Navy  De- 
partment. Contracts  for  a  large  number  of  sets  were 
let,  and  it  was  not  long  before  i1  was  learned  that  the 
necessary  instruments  of  a  type  suitable  for  radio  work 
were  not  to  be  had.  At  this  time,  but  two  companies 
made  instruments  suitable  for  the  severe  service  en- 
countered by  radio  apparatus  aboard  ship  and  the  lines 
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FIG.    I — ST.XNDARDIZED    DIMENSIONS    OF    INSTRUMENT    CASES 

The  letters  refer  to  Table  I. 

state  of  affairs  was.  The  art  of  radio  communication 
has  experienced  a  similar  difficulty,  and  it  is  only  within 
the  past  two  or  three  years  that  desirable  instruments 
for  measuring  certain  quantities  have  been  available. 
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B 
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1 
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O 

P 

Q 
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7% 
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3A 

I 

2% 
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4% 
3V4 
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•Top  hole  always  to  be 
•Diameter  of  hole  for  s 


the  above  table,  were  not  definitely  specified. 
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When  the  United  States  entered  the  European 
War,  the  burden  of  supplying  and  maintaining  radio 
equipment  for  the  entire  contingent  of  vessels  flying  the 
United    States    flag,    as    well    as    equipment    for    high 


FIG.    2 — RELATION   OF   FILAMENT  LIFE  TO  FILAMENT  CURRENT 

The  filament  for  which  the  data  is  given  takes  2.5  amperes. 
Filaments  taking  0.6  to  1.3  amperes  are  even  more  sensitive  to 
current  variations  than  that  shown. 

of  these  two  concerns  did  not  overlap  to  any  consider- 
able degree.  But  one  maker,  therefore,  made  a  suitable 
instrument  of  a  given  type,  and  it  was  absolutely  im- 
possible for  him  to  supply  all  the  instruments  needed. 
The  possibility  of  delay  in  production  due  to  strikes, 
fires,  etc.,  also  had  to  be  antici- 
pated. The  outcome  of  this 
situation  was  a  number  of  con- 
ferences between  instrument 
manufacturers  and  representa- 
tives of  the  Government,  for  the 
purpose  of  drawing  up  specifica- 
tions for  instruments  which 
would  be  sufTiciently  standard- 
ized and  still  require  the  mini- 
mum number  of  changes  on  existing  instruments.  The 
initial  step  was  taken  by  the  Navy,  when  a  conference 
was  called  in  New  York  of  representatives  from  the 
Westinghouse     Electric    &    Mfg.    Companj',    General 
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Electric  Company,  Weston  Electrical  Instrument  Com- 
pany, and  the  Roller-Smith  Company.  The  represen- 
tatives co-operated  most  loyally,  and  with  their  help 
preliminary  specifications  were  drawn  up  for  instru- 
ments which  would  be  acceptable  to  the  radio  division 
of  the  Navy. 

About  this  time  the  War  Industries  Board,  in  their 
effort  to  conserve  material  and  to  eliminate  duplication 
of  effort,  called  a  conference  of  instrument  makers  and 
of  government  representatives  from  the  various 
branches  of  the  service,  and  subsequent  Navy  radio 
standardization  of  instruments  was  done  in  co-operation 
with  this  Board.  Their  recommendations,  however, 
were  more  general  than  those  required  as  a  basis  on 
which  to  make  acceptance  tests,  and  were  made  mostly 
from  an  economical  and  conservation  standpoint.  The 
Navy  and  the  Army  branches  of  the  radio  service,  there- 
fore continued  their  work  of  standardization  as  a  sub- 
committee and  final  specifications  were  eventually 
drawn  up  covering  the  radio  field.     Subsequently,  other 
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Of  the  permanent  magnet  moving  coil  type.     The  diameter  of 
the  body  is  but  two  inches. 

divisions  of  the  Navy  accepted  certain  of  the  instru- 
ments covered  by  the  radio  specifications  and  it  is  prob- 
able that  the  entire  Navy  and  the  Army  will  shortly  be 
upon  the  same  basis  in  buying  electrical  measuring  in- 
struments. Since  the  standards  have  been  determined, 
at  least  two  of  the  companies  are  in  a  position  to  supply 
many  of  the  types  and  within  the  coming  year  all  the 
instruments  will  be  available  from  at  least  one  company 
on  a  production  basis. 

PHYSICAL  DIMENSIONS  OF   STANDARDIZED 
INSTRUMENTS 

Fig.  I  gives  the  physical  dimensions  of  instrument 
cases  as  decided  upon  by  the  Committee.  These  four 
sizes  were  arrived  at  after  due  deliberation  and  it  is  be- 
lieved that  they  are  sufficient  to  cover  all  needs.  The 
3J/2  in.  size  was  retained  only  because  ir.struments  hav- 
ing a  2  9-16  in.  diameter  base  were  net  available  and 
it  was  impossible  to  await  their  development.  It  was 
the  judgment  of  the  Committee  that  the  2>Vz   '"•  size 


would  eventually  be  omitted,  and  the  three  remaining 
sizes  would  cover  the  field. 

An  attempt  was  made  to  standardize  connecting 
stud  locations  on  all  front-of-board  mounted  instru- 
ments, but  it  was  soon  evident  that  this  was  impossible. 
Makers  of  existing  instruments  meeting  the  standard 
requirements  with  respect  to  outside  physical  dimensions 
bad  followed  no  standard  in  stud  locations,  and  it  was 
considered  inadvisable,  especially  from  a  production 
standpoint,  to  require  them  to  change  to  a  uniform  ar- 
rangement. The  alternative  for  interchangeability 
among  different  makes  was,  therefore,  decided  upon, 
viz,  boring  a  hole  in  the  panel  in  back  of  the  instrument 
such  as  is  done   for  flush  type  of  instruments.     This 


FIG.   4 — EXPLODED   VIEW    OF    IXSIRTMEXTS    SHOWN    IN    FIG.    3 

large  hole  would  permit  of  any  arrangeinent  of  studs 
being  furnished  and  so  instruments  of  any  make  could 
be  used.  Three  holes  or  studs  in  the  base  of  the  in- 
striMnent  were  specified  for  holding  it  to  the  panel,  al- 
lowing the  connecting  studs  to  project  through  the  large 
hole  in  the  panel.  Slack  in  the  leads  coming  to  the  in- 
strument was  considered  sufficient  to  provide  for  slight 
changes  in  stud  locations  when  an  instrument  of  one 
make  was  replaced  by  that  of  anodier. 

The  three  types  of  cases  specified  are  shown  in  Fig. 
I.  The  semi-flush  type  of  instrument  was  included,  due 
to  the  fact  that  the  maximum  projection  from  the  face 
of  the  panel  was  specified  for  front  of  board  mounted 
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instruments,  and  some  manufacturers  were  unable  to 
fit  their  particular  type  of  movement  into  this  space. 
To  provide  for  this  contingency,  a  part  of  the  move- 
ment can  be  enclosed  in  the  part  of  the  case  projecting 
through  the  hole  in  the  panel,  a  large  hole  being  avail- 
able in  all  panels  as  explained  above. 

CLASSES  OF  INSTRUMENTS 

As   far  as   measuring   instruments   are   concerned, 

ladio  apparatus  may  be  divided  into  tliree  classes,  as 

follows : — 

I — Receiving  sets  and  vacmim  tube  transmitters  having 
ranges  up  to  30  miles. 

2 — Spark  transmitters  varying  in   input  capacity  from 
0.5  to  ID  kw. 

3 — High   powered   transmitters,   comprising   arc   trans- 
mitters, high-frequency  alternators,  timed  spark  sets,  etc. 

The  instruments  in  Group  i  are  very  small  and  are 

generally  of   the   flush   type.     These   requirements   are 

governed  by  the  small  size  of  the  apparatus,  and  the 

demand  for  an  instrument  which  will  occupy  a  mini- 

muin  amount  of  space.     As  vacuum  tube  transmitters 


FIG.    5 — DIRECT-CURRKNT   AMMETER 

Having  base  diameter  of  4.}^  inches, 
are  coming  into  use  more  and  more  for  aircraft,  light- 
ness of  weight  is  an  additional  factor.  Instruments 
whose  dimensions  correspond  to  those  listed  under 
size  I  of  Table  I  are,  therefore,  extremely  well  adapted 
to  this  field. 

The  instruments  in  Group  2  are  somewhat  larger 
in  physical  dimensions,  due  to  the  fact  that  the  equip- 
ment with  which  they  are  used  is  larger  and  also  due  to 
the  fact  that  the  dials  of  the  instruments  tnust  .some- 
times be  read  at  a  distance.  For  the  0.5  and  i  kw 
panel-type  spark  transtnitters,  now  being  generally  used 
aboard  cargo  vessels,  yachts,  and  other  small  craft,  the 
instrument  having  a  base  diameter  of  4%  in.  will  be 
most  suitable.  A  larger  instrument  would  necessitate 
a  larger  panel  than  would  otherwise  be  needed,  or  the 
instruments  would  be  unduly  crowded.  Instrument  re- 
quirements for  transmitters  ranging  in  input  power 
from  two  to  ten  kw  are  inet  by  the  instrument  having  a 
base  diameter  of  about  yYi  in.     This  size  is  coming  into 


favor  with  power  companies,  and  so  necessitates  little 
alteration  in  the  way  of  cases,  magnets,  etc.  to  make  it 
suitable  for  use  with  radio  apparatus. 

The  instruments  in  Group  j  will  probably  be  of 
yVl  in.  approximate  diameter,  due  to  the  fact  that  they 
will  be  mounted  on  panels  whose  size  will  in  no  wise  be 
determined  by  the  size  of  the  instrument.  It  is  possi- 
ble, however,  that  the  4^  in.  s\zq  may  be  used  on  some 
remotely-controlled  circuits. 

The  physical  sizes  of  instruments  are  of  the  great- 
est importance  from  the  standpoint  of  interchange- 
ability  among  the  products  of  various  manufacturers, 
and  are  at  the  same  time  most  difficult  to  standardize, 
due  to  the  fact  that,  especially  in  the  smaller  sizes,  the 
cases  are  drawn  from  dies. 

DIRECT-CURRENT    INSTRUMENTS 

Direct-current  instruments  are  used  in  all  the 
standardized  sizes.  The  specifications  mentioned  above 
acce])t  direct-current  instruments  operating  on  the 
D'Ar^<in\al  principle  only,  due  to  the  great  accuracy  re- 
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quired,  and  also  due  to  the  necessity  for  unifonnity, 
ruggedness  and  reliability.  The  reason  for  these  re- 
quirements can  be  better  grasped  by  considering  the 
specific  uses  to  which  the  various  direct-current  instru- 
ments are  placed. 

The  greater  number  of  those  in  the  2  9-16  and 
31/2  in.  sizes  are  used  to  measure  the  filament  current, 
plate  current  and  plate  voltage  supplied  to  vacuum 
tubes.  Reference  to  Fig.  2  will  prove  the  necessity  of 
keeping  the  filament  current  within  certain  well  defined 
limits  and  a  reliable  ammeter  is  necessary  for  this  use. 
This  need  is  augmented  by  the  fact  that  two  types  of 
filaments  are  now  in  use  in  vacuum  tubes,  one  operating 
at  incandescence  and  one  at  a  dull  red  heat,  thus  pre- 
venting judging  current  by  the  brilliancy,  as  used  to  be 
common  practice.  When  the  United  States  entered  the 
war,  the  smallest  instrument  suitable  for  this  work  had 
a  flange  diameter  of  3!4  in.  which  in  some  cases  was 
sufficiently  large  to  determine  the  size  of  audion  control 
boxes,  receivers,  small   transmitlcrs,  etc.     In  an  effort 
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to  cut  down  the  size  and  still  maintain  the  ruggedness 
and  inherent  accuracy  of  a  permanent  magnet  instru- 
ment, the  instrument  shown  in  Figs.  3  and  4  was  de- 
veloped. This  instrument  is  the  smallest  yet  con- 
structed, working  on  the  D'Arsonval  principle,  its 
flange  diameter  being  2  9-16  in.,  and  tests  have  shown 
that  it  sacrifices  nothing  in  the  way  of  accuracy.  In  the 
flush  type  of  case,  it  is  especially  desirable  for  receiving 
sets,  tube  transmitters,  etc.,  and  may  be  had  as  an  am- 
meter in  ranges  from  o.io  to  30  amperes,  self-contained, 
and  as  a  voltmeter  up  to  500  volts,  when  used  with  an 
external  multiplier.  Front  of  board  mounted  types  are 
also  available. 

Direct-current  instruments  of  the  4^  and  yYi  in. 
size  are  used  in  Group  2  to  measure  the  power  supplied 
to  the  motor-generators  of  alternating-current  spark 
sets  and  arc  transmitters  where  direct-current  only  is 
available  (such  as  aboard  ship).  As  500  volts  or  over 
are  used  with  arc  transmitters,  instruments  used  on  the 
high-voltage  side  of  the  motor-generator  must  be  espe- 
cially insulated.     In  order  to  protect  the  operating  per- 
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sonnel  from  possible  radio  "frequency  high  voltages,  the 
cases  are  either  carefully  grounded,  or  provided  with  a 
special  insulating  cover.  Due  to  the  fact  that  the  pre- 
cision with  which  some  of  these  quantities  have  to  be 
measured  governs  the  satisfactory  operation  of  the  en- 
tire transmitter,  and  as  the  operating  personnel  are  far 
from  being  technically  trained  men,  accuracy  is  one  of 
the  desirable  qualifications  and  ruggedness  and  re- 
liability are  no  less  important.  Instruments  operating  on 
the  D'Arsonval  principle  are,  therefore,  specified  for 
this  service.  Figs.  5  and  6  show  the  type  of  direct- 
current  instruments  having  a  base  diameter  of  4^^  in. 

The  requirements  of  Group  j  are  met  almost  ex- 
clusively by  the  7J/2  in.  meters.  This  field  includes  all 
direct-current  measurements,  such  as  input  power  to 
direct-current  motor  generators,  power  at  500  volts  or 
over  to  arc  transmitters  where  special  insulation  is 
necessaiy,  etc.  Figs.  7  and  8  show  external  and  in- 
ternal views  of  instruments  meeting  these  specifications. 

All  direct-current  ammeters  are  specified  to  be  pro- 
vided with  external  shunts,  except  for  use  with  the 
equipment  of  Group  /. 

ALTERNATING-CURRENT    INSTRUMENTS 

Practically    all    of    the    alternating-current    instru- 


ments used  at  the  present  time  with  radio  telegraph 
equipment  are  employed  to  measure  current,  voltage, 
power,  etc.  on  the  low  voltage  side  of  the  step-up  trans- 
former. As  most  of  the  modern  spark  transmitters 
are  of  the  high  pitched  spark  frequency  type,  the 
majority  of  instruments  for  this  class  of  work  must  be 
calibrated  at  about  500  cycles.  In  large  shore  stations, 
where  alternating-current  at  commercial  frequencies  is 
supplied  by  power  companies,  the  instruments  required 
are  outside  of  the  field  of  purely  radio  instruments,  and 
standard  commercial  equipment  is  suitable. 

The  instruments  used  in  the  500  cycle  circuit  in- 
clude a  voltmeter,  ammeter,  wattmeter  and  frequency 
meter,  and  the  specifications  drawn  up  during  the  war 
call  for  them  in  both  the  4^  and  yVi  in.  cases.  Those 
in  the  ^Y^  in.  cases  will  probably  be  used  for  sets  whose 
input  power  to  the  transformer  is  from  one-half  to  two 
kw,  while  those  in  the  yYi  in.  cases  are  applicable  to 
sets  from  two  kw  up. 

The  difficulty  of  getting  suitable  alternating-current 


FIG.   9 — INTERNAL    VIEW    OF    ALTERNATING-CURRENT    AMMETER 

Having  a  flange  diameter  of  45^  inches. 

instruments  for  radio  service  aboard  ship  was  aug- 
mented by  the  fact  that  it  is  customary  to  vary  the  spark 
frequency  as  much  as  20  percent  under  certain  condi- 
tions. Yet  accuracy  and  ruggedness  were  necessary, 
particularly  the  former,  due  to  the  fact  that  the  500 
cycle  circuit  is  worked  near  its  resonant  point,  and  un- 
less certain  conditions  of  voltage,  current,  frequency, 
number  of  gaps  and  various  other  variables  are  met, 
satisfactory  operation  cannot  be  obtained.  Much  credit 
is  due  therefore,  to  the  various  companies,  who  brought 
cut  instruments  capable  of  giving  the  satisfaction  which 
has  been  obtained.  At  present,  500  cycle  instruments 
suitable  for  radio  are  in  production  in  the  yYz  in-  cases 
only,  but  one  or  two  concerns  are  practically  ready  to 
place  them  on  the  market  in  the  4^  in.  cases.  These 
small  instruments  are  instruments  of  precision  and  the 
materials  and  workmanship  are  of  the  highest  order. 
They  can  be  used  with  the  same  confidence  and  the 
specified  requirements  for  their  accuracy  are  identical 
with  the  larger  instruments. 

The  actuating  principle  for  alternating  instruments 
was  not  specified,  as  it  was  felt  that,  if  the  requirements 
regarding  accuracy   over  the   specified    frequency   and 
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temperature  ranges  were  obtained  and  the  instruments 
were  sufficiently  rugged,  it  was  immaterial  how  the  re- 
sults were  obtained.  Accordingly,  some  manufacturers 
use  the  moving  iron  vane  type,  and  the  dynamometer 
principle  is  used  by  at  least  one  manufacturer.  Of 
these  two,  the  dynamometer  type  is  most  free  from 
error  and,  even  in  the  4^  in.  size,  the  above  concern 
has  succeeded  in  obtaining  sufficient  operating  torque 
to  overcome  any  objection  to  lack  of  ruggedness.     Figs. 

9  and  10  show  the  internal  construction  of  the  type  of 
instrument  developed.  The  external  appearance  will, 
of  course,  be  similar  to  Fig.  5. 

Although  the  majority  of  spark  transmitters  up  to 

10  kilowatts  bought  by  the  Navy  during  the  war  were 
used  aboard  ship,  yet  in  some  instances,  it  was  neces- 
sary to  furnish  this  equipment  for  low  power  shore 
stations.  Almost  universally  the  power  obtainable  at 
these  places  was  at  60  cycles.  To  facilitate  the  ship- 
ment of  complete  transmitters  and  also  to  minimize  the 
number  of  types  of  instruments  to  be  carried  in  stock. 


KK;.    10 — SlllE    VIKW    OF    INSTKUMENT    SHOWN    IN    FIG.    9 

it  was  felt  advisable  to  stipulate  that  all  500  cycle  in- 
struments .should  be  usable  on  60  cycles.  In  the  mov- 
ing vane  type  of  instrument  this  generally  resulted  in 
an  error  of  three  to  four  percent.  To  assure  confidence 
of  the  personnel  in  the  apparatus  furnished,  the  speci- 
fications required  that  the  dial  of  all  instruments  state 
a  multiplying  factor  by  which  the  readings  should  be 
corrected  when  used  on  60  cycles  instead  of  500  cycles. 
Dynamometer  types  of  instruments  would,  of  course, 
not  need  this  correction  factor. 

RADIO  FREQUENCY   INSTRUMENTS 

The  last  group,  electrically  speaking,  is  the  line  of 
instruments  developed  to  measure  currents  of  radio  fre- 
quency. Electrical  engineers  are  more  or  less  ac- 
quainted with  an  instrument  which  depends  for  its  ac- 
tion upon  the  expansion  of  a  hot  wire  or  strip  due  to  the 
heating  set  up  by  the  current  flowing  through  it  and 
it  is  generally  known  that  when  properly  constructed, 
the  indications  of  such  an  instrument  are  practically  in- 


dependent of  frequency,  but  the  limitations  of  such  an 
instrument  are  not  so  generally  realized. 

The  first  confronting  problem  is  supporting  the 
wire  or  strip  so  that  the  indications  of  the  pointer  will 
not  be  subject  to  errors  due  to  changes  of  the  temper- 
ature of  the  surrounding  atmosphere.  This  condition 
has  never  been  fully  accomplished,  but  were  it  the  only 
objection,  a  satisfactory  instrument  would  undoubtedly 
result.  Other  elements  however,  enter  into  the  irra- 
tional action  of  such  an  instrument. 

In  the  first  place,  even  in  well  constructed  instru- 
ments, if  the  pointer  is  placed  on  zero,  the  current 
passed  through  the  instrument  and  then  the  circuit  be 
broken,  the  pointer  will  not  return  to  zero.  It  may  be 
found  that  no  zero  error  exists  after  several  hours,  but 
it  is  obvious  that  an  instrument  whose  indication  shows 
such  a  lag  is  not  satisfactory  for  practical  use.  Slug- 
gishness of  indicating  is  another  objectionable  difficulty. 
Again,  the  overload  capacity  of  a  wire  or  strip,  which 
under  normal  load  is  worked  at  a  high  temperature,  is 
very  low.  This  feature  is  important  because,  due  to 
resonance  coming  on  rather  suddenly  during  the  tuning 
of  a  radio  transmitter,  an  overload  may  be  encountered 
and  the  instrument  ruined  before  the  operator  can  cut 


FIG,    12 — STANDARD- 
IZED   CONNECTIONS 


FIG.      13 — MULTIPLE 
THERMO-COUPLES 


FIG.      II — CONNEC- 
TIONS    OF     HIGH- 
FREQUENCY  IN- 
STRUMENT 

/  is  the  indicating  voltmeter,  T  is  the  thermocouple  and  H 
the  heater.  R-;  is  a  series  resistance  in  the  voltmeter  casing 
and  Ri  a  series  resistance  wound  on  the  thermocouple  base. 

off  the  current.  When  an  expansion  type  of  radio  fre- 
quency instrument  has  been  damaged,  due  to  buiTiout  of 
the  heating  strip,  it  is  a  very  tedious  job  even  for  an 
experienced  workman  to  repair  it.  The  above  men- 
tioned faults,  together  with  its  lack  of  ruggedness, 
caused  the  Committee  on  Standardization  to  eliminate 
the  expansion  type  radio  frequency  instrument  from 
those  approved,  and  to  approve  onljf  the  thermocouple 
type. 

The  actuating  force  of  this  type  is  the  voltage  de- 
veloped due  to  heating  a  thermocouple  in  close  proxi- 
mity to  a  strip  or  wire  carrying  the  current  to  be  meas- 
ured, and  whose  temperature  is  caused  to  rise  due  to 
that  current.  With  proper  consideration  given  to  de- 
tails of  construction,  the  temperature  for  a  given  cur- 
rent can  be  made  practically  independent  of  frequency. 
There  are  many  advantages  of  such  an  instrument  In 
the  first  place,  the  indicating  mechanism  is  composed  of 
a  millivoltmeter  whose  reliability  and  accuracy  have 
been  proven  by  years  of  sei-vice.  This  eliminates  the 
great  objection  to  expansion  types  of  instruments  whose 
movement  is  so  fragile. 

The  use  of  a  millivoltmeter  in  conjunction  with  a 
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thermocouple  immediately  suggests  the  analogy  of  the 
same  instrument  with  a  shunt  for  measuring  direct- 
current,  and  development  has  now  reached  a  point 
where  the  same  flexibility  has  been  obtained  with  milli- 
voltmeters  and  thermocouples  as  is  experienced  with 
millivoltmeters  and  shunts.  It  is  only  recently  that  such 
a  feat  has  been  possible,  however,  and  during  the  war,  it 
was  found  necessary  to  calibrate  each  instrument  with 
its  thermocouple,  and  its  use  with  other  thermo-elements 
might  cause  as  much  as  five  percent  error.  An  analysis 
of  the  problem  will  show  the  stages  through  which  the 
instrument  has  passed.  Fig.  ii  shows  a  sketch  of  the 
connections  between  instrument  and  thermo-element 
in  use  during  the  war. 

It  is  well  known  that  it  is  impossible  to  make 
thermocouples  to  give  uniform  voltages  with  a  given 
load  and  a  fixed  difference  in  temperature,  and  should 
this  be  possible,  it  would  be  impossible  on  a  production 
basis  to  obtain  this  uniform  difference  in  temperature 
for  a  given  current  through  the  heater.  The  cus- 
tomary procedure,  therefore,  was  to  let  the  voltage  of 
the  thermocouple  come  what  it  would  and  to  adjust  the 
resistance  R  within  the  instrument  until  the  indication 


14 — BUI.n   TYPE   OF   Tin 


>\:v\.E    WITH    PROTECTIVE   CASING 


corresponded  with  the  reading  of  a  standard  in  the  same 
circuit. 

The  next  step  was  to  divide  the  series  resistance 
between  the  instrument  and  the  thermo-element.  Fig. 
7  2  shows  the  present  arrangement.  The  thermocouple 
if  generally  mounted  on  a  base  of  insulating  material 
with  its  heater,  and  the  resistance  R^  is  wound  on  a  part 
of  this  base.     Resistance  R^  is  within  the  instrument. 

The  calibrating  procedure  is  to  connect  heater  H  to 
a  high  frequency  circuit  in  which  a  standard  ammeter 
independent  of  frequency  is  included,  and  connect  a 
standard  millivoltmeter  of  standard  resistance  to  the 
voltage  terminals  of  the  thermo-element.  The  resist- 
ance /?!  is  then  adjusted  to  get  proper  deflection  of  this 
standard  instrument.  The  millivoltmeter  is  likewise 
calibrated  for  a  given  voltage  for  full  scale  deflection, 
and  its  resistance  is  adjusted  to  be  the  same  for  all  in- 
struments. Now  with  a  given  current  through  the 
heater,  all  thermocouples  generate  at  their  terminals  a 
definite  voltage  for  a  given  instrument  current,  and  as 
the  millivoltmeters  are  adjusted  to  a  uniform  resistance, 
and  show  full  scale  deflection  for  a  given  current 
through  the  moving  coil,  it  follows  that  millivoltmeters 
and  thermo-elements  may  be  interchanged  with  no  sac- 


rifice in  accuracy.  The  thermocouple  is  the  item  sub- 
ject to  damage  by  overload,  etc.,  and  the  advantage  to 
be  gained  by  merely  removing  the  damaged  couple  from 
the  circuit,  and  substituting  a  new  one  with  no  sacrifice 
in  accuracy,  is  obvious,  especially  aboard  ship. 

Again,  it  is  frequently  desirable  to  use  one  indicat- 
ing instrument  to  measure  the  current  in  various  cir- 
cuits, and  the  thermocouple  interchangeable  feature 
lends  itself  well  to  these  requirements.  Thermocouples 
can  be  placed  in  any  of  the  numerous  antenna  circuits 
aboard  ship,  and  as  the  couple  is  always  in  the  ground 
lead,  potential  leads  can  be  run  to  a  distributing  switch 
and  the  current  in  any  circuit  can  be  measured  on  the 
one  instrument  by  merely  turning  the  switch  to  the 
proper  point. 

In  the  British  Navy,  where  expansion  types  of  in- 
struments are  exclusively  used,  an  attempt  is  made  to 
get  the  same  effect  by  using  current  transformers,  but 
any  one  acquainted  with  radio  frequency  currents  will 
immediately  appreciate  the  difficulty  of  obtaining  a 
transformer  whose  ratio  can  be  predicted  and  which 
will  have  a  constant  ratio  over  the  wide  range  of  radio 


FIG.    IS — RADIO    FREQUENCY    AMMETER 

With  bulb  type  of  thermocouple. 

frequency  used.  The  practice  of  the  United  States 
Navy  has  universally  been  to  encourage  the  develop- 
ment of  standardized  thermo-couples  and  voltmeters. 

Other  advantages  of  thermocouples  are  their  com- 
paratively high  overload  capacity,  their  freedom  from 
temperature  errors,  their  ruggedness  and  their  con- 
stancy of  action. 

The  thermocouple  described  above  is  known  as 
the  "open"  type  on  account  of  the  fact  that,  except  for 
protection  from  swiftly  moving  air  currents,  it  is  ex- 
posed to  the  atmosphere.  Such  an  instrument  works 
very  well  when  the  current  to  be  measured  is  one  am- 
pere or  above.  Below  this  value,  the  heat  conduction 
from  the  hot  junction  is  so  rapid  that  it  is  difficult  to 
obtain  the  necessary  potential  in  the  couple  unless  a 
heating  strip  of  objectionable  resistance  is  used.  To 
overcome  the  difficulty,  the  bulb  or  enclosed  type  of 
couple  has  been  brought  out  by  the  Westinghouse  Elec- 
tric &  Mfg.  Co.  This  type  of  instrument  sacrifices 
nothing  in  speed  of  response  and  its  overload  capacity  is 
in  no  wise  jeopardized.  It  has  been  made  in  ranges  as 
low  as  36  milliamperes  for  full  scale  deflection  with  re- 
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niarkably  low  power  consumption.  It  is  therefore, 
ideally  suited  for  use  with  wave  meters,  and  in  other 
oscillating  circuits  of  low  power  where  the  power  con- 
sumed in  the  ordinary  instrument  is  an  appreciable  part 
of  the  whole.  At  the  present  time,  the  decrement  of  a 
wave  meter  circuit  is  almost  entirely  dependent  on  the 
resistance  of  the  thermocouple  in  the  circuit  and  the  de- 
mand for  a  wave  meter  with  lower  decrement  than  now 
exists  can  only  be  met  by  the  use  of  a  measuring  instru- 
ment requiring  less  operating  power.  The  present  bulb 
type  of  couple  requires  about  one-half  the  amount  of 
power  that  the  open  type  requires  to  give  full  scale  de- 
flection for  lOO  milliamperes  range. 

A  photograph  of  the  enclosed  couple  in  its  present 
stage  of  development  is  shown  in  Fig.  14.  It  is  de- 
signed for  mounting  on  the  studs  of  the  millivoltmeter 
in  back  of  the  panel.  Fig.  15  shows  the  couple  attached 
to  the  studs  of  one  of  the  instruments  listed  under 
size  /  of  Table  I. 

CAUSES  OF  FAILURE  IN  PAST  DESIGNS 

It  will  be  interesting  to  discuss  some  of  the  pitfalls 
encountered  in  preliminary  designs  of  thermocouples. 
In  defense  of  some  of  the  defective  instruments  whose 
faults  might  have  become  apparent  had  proper  tests 
been  made,  it  must  be  remembered  that  much  of  the  de- 
velopment was  done  under  pressure  and  that  production 
was  uppermost  in  everyone's  mind  at  the  time. 

A  defect  which  caused  much  anxiety,  due  to  the 
fact  that  many  instruments  were  bought  before  it  was 
discovered,  was  the  result  of  an  attempt  to  obtain  suffi- 
cient voltage  across  the  terminals  of  the  thermocouple 
element  to  permit  the  use  of  the  then  existing  millivolt- 
meters.  Multiple  thermocouples  were  resorted  to,  the 
hot  junction  of  each  couple  being  placed  in  close  proxi- 
mity to  the  heating  wire,  and  all  couples  were  connected 
in  series.  This  is  illustrated  in  Fig.  13.  In  order  to 
get  efficient  heat  conduction  from  the  heater  to  the  junc- 
tions it  was  necessary  to  have  intimate  mechanical  con- 


tact, and  at  the  same  time  it  was  necessary  to  insulate 
each  hot  junction  from  the  heater  to  prevent  short-cir- 
cuiting the  couple.  This  was  in  one  instance  accom- 
plished by  the  use  of  sodium  silicate,  baked  on.  In  the 
particular  instance,  the  couple  was  formed  by  very  fine 
copper  wire  and  a  resistance  alloy.  After  this  instru- 
ment had  been  subjected  to  sea  air  for  several  days,  the 
copper  of  the  thermoj unction  became  entirely  oxidized, 
and  the  alloy  showed  signs  of  severe  corrosion.  The 
inference  drawn  was  that  the  hygroscopic  qualities  of 
the  sodium  silicate  were  the  cause  of  the  corrosion.  A 
spar  varnish  was  finally  baked  r^n  over  the  sodium  sili- 
cate, and  better  results  were  obtained. 

A  noticeable,  though  unimportant,  property  of 
.some  types  of  thermocouple  instruments  was  an  appre- 
ciable error  on  direct-current.  This  is  only  incurred 
on  single  element  couple  instruments  where  the  junc- 
tion is  electrically  connected  to  the  heater,  and  is  due 
to  the  slight  direct-current  drop  across  the  hot  junc- 
tion, on  account  of  the  impossibility  of  obtaining  con- 
tact in  one  point.  This  feature  is  unimportant  when 
the  instrument  is  used  at  any  frequency  alternating- 
current  because  the  average  current  through  the  heater 
in  any  direction  is  zero. 

CONCLUSION 

The  work  on  standardization  of  indicating  electrical 
measurements,  as  outlined  above,  and  which  was 
brought  about  by  the  urgent  demands  of  the  Great  War, 
should  have  a  valuable  and  lasting  effect.  Concessions 
were  made  willingly  by  competing  manufacturers,  and 
all  thought  of  individual  benefit  was  made  subservient 
to  the  paramount  issue  of  winning  the  war.  The  bene- 
fits which  the  combatant  arms  of  the  Government  en- 
joyed as  the  result  of  standardization  are  now  available 
to  all  having  need  for  electrical  measuring  instruments. 
These  benefits  have  an  equal  bearing  on  the  manufac- 
turer and  consumer  and  it  is  sincerely  to  be  hoped  that 
the  initial  program  based  on  such  broad  principles  will 
be  faithfully  carried  out  in  future  developments. 


A  Problem  in  Three-' 

Rotary  Converters 


L.    DORFMAN 


THE  EFFICIENCY  of  three-wire  distribution 
frequently  makes  it  desirable  in  connection  with 
rotary  converters,  as  well  as  with  direct-current 
generators.  In  some  instances,  however,  the  addition 
of  the  third  wire  will  introduce  more  or  less  difficult 
problems,  which  are  apt  to  be  of  a  practical  rather  than 
of  a  theoretical  nature. 

Consideration  of  some  of  the  peculiarities  of  ro- 
tary converters  will  explain  why  such  problems  are 
often  difficult  of  solution.  In  the  first  place,  a  rotary 
converter  is  a  mechanical  device  for  changing  the  form 
in  which  electrical  energy  is  to  appear.     To  be  able  to 


perform  this  function  properly  and  efficiently  an  ac- 
curately balanced  design  should  be  employed.  In  a 
good  design,  this  means  quite  a  sensitive  machine,  and 
Slight  irregularities  in  the  auxiliary  apparatus  may  cause 
considerable  trouble,  because  of  unbalancing,  with  con- 
sequent loss  in  efficiency  and  performance.  These  facts 
also  determine  the  accuracy  necessary  in  the  design  of 
the  transformers  which  deliver  power  to  the  converter. 
In  fact,  the  reactances  in  the  various  phases  of  the 
transformer  windings  must  be  of  substantially  the  same 
value,  if  trouble  is  to  be  avoided.  Naturally,  all  of 
these  matters  have  a  direct  bearing  on  the  use  of  a  third 
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or  iK-utral  wire,  especially  where  unlialancin^  is  apt  to 
result  from  its  use. 

One  case  that  nia_\'  iuvoKc  some  difficult  prob- 
lems of  transformer  design  is  that  of  two-phase  to  six- 
phase  transformation  when  it  becomes  desirable  to  con- 
nect the  direct-current  neutral,  or  third  wire,  into  the 
alternating-current  side.  A  better  idea  of  this  problem 
can  be  gained  from  Fig.  i,  where  the  double  Scott  con- 
nection of  transformers  is  shown.  Two  single-phase 
transformers,  each  having  two  secondary  windings  with 
taps  provided  for  Scott  connection,  are  connected  to  a 
two-phase  source  of  power.  One  transformer  consists 
of  the  primary  coil,  P,  „,  and  the  two  secondary  coils, 
S\  and  ^o.  The  secondarj'  coils  have  taps  brought  out 
at  cS6.6  percent  of  the  winding.  The  other  transformer 
has  a  primary  winding  P-.  .,,  and  the  secondaries  ^'3  and 


FIG.    I — TWO-PHASE  TO   SIX-PHASE   TRANSFOIiMER   CONNECTIONS 

For  bringing  out  a  three-wire  direct-current  neutral 
from  a  rotary  converter. 

S^.  The  secondary  coils  of  this  transformer  have  50 
percent  taps  brought  out.  By  means  of  these  taps,  the 
double  Scott  connection  is  made,  which  delivers  six- 
phase  power  to  the  converter  through  the  six  leads,  X^, 
X„,  X3,  X^,  X5  and  X^,  which  are  connected  to  the  corre- 
sponding slip  rings.  The  six-phase  power  having 
traversed  the  rotary  converter  R,  is  delivered  at  the 
commutator  to  the  brushes.  This  direct-current  power, 
after  passing  through  tlie  field  coils,  as  shown,  flows  out 
over  lines  Lj  and  L„.  Any  unbalancing  in  the  load  be- 
tween Lj  and  L^  will  cause  a  current  to  flow  in  the  third 
wire,  or  neutral,  L^.  Naturally,  this  current  must  be 
returned  to  the  system  through  the  alternating-current 
side.  The  logical  thing  would  be  to  bring  out  taps  at 
the  neutral  points  A'^  of  secondaries  S^  and  S^,  and  tie 
the  neutral  wire  to  this  point,  as  shown  in  Fig.  i.  The 
current  would  then  divide  equally  among  the  six  phases 
and  no  unbalancing  would  result.  When  considered 
from  a  practical  standpoint,  however,  this  simple  scheme 


will  not  always  work  out,  at  least  not  without  unbalanc- 
ing. For  example,  it  is  generally  impracticable  to  use 
more  than  ten  turns  in  the  .secondaries  of  transformers 
for  this  service.  In  fact,  fewer  turns  are  more  often 
the  rule.  In  general,  if  the  number  of  turns  is  so  chosen 
that  it  is  possible  to  bring  out  the  86.6  percent  tap,  then 
it  is  usually  impossible  to  tap  the  neutral  point,  because 
il  will  occur  at  an  inacessible  fraction  of  a  turn.     Even 


iuiJWl 


-♦i    In 
-»    In 

I'll'..    2 — BALANCE  COIL  FOR  BRINGING  OUT  NEUTRAL 

Where  an  exact  50  percent  secondary  voltage  tap  is  impossible. 

if  taps  are  placed  as  near  the  neutral  point  as  possible, 
there  is  a  voltage  unbalancing  in  addition  to  the  direct- 
current  unbalancing,  which  would  be  seriously  objec- 
tionable. 

When  the  conditions  mentioned  above  are  en- 
countered, it  is  possible  to  provide  means  which  will 
cause  the  current  in  the  third  wire  to  divide  equally  be- 
tween the  two  taps  (which  are  as  near  the  neutral  as 
possible)  and  at  the  same  time  keep  down  the  alternat- 
ing-current voltage  unbalancing,  by  the  use  of  a  balance 
coil,  such  as  is  used  for  a  similar  purpose  in  three-wire 
direct-current  generators.  Fig.  2  shows  the  trans- 
former connections  as  in  Fig.  i,  except  that  the  balance 
coil  B  has  been  added.  The  neutral  wire  L^  is  con- 
nected  to   the   center   of   the   balance   coil   winding  as 


FIG.    i — l-'SE    OF    THREE    BALANCE    COILS    TO    OBTAIN    NEUTRAL 

By  connection   to  the  converter  sHprings. 

shown.  However,  this  scheme  is  not  always  ent'rely 
satisfactory  because,  while  the  balance  coil  divides  the 
third-wire  current  equally  between  the  two  Scott  con- 
nected groups,  still  the  fact  that  the  transformer  taps 
are  not  quite  at  the  neutral  points  will  cause  slight  un- 
balancing in  the  windings.     The  extent  of  unbalancing 
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will  depend  upon  how  far  the  taps  happen  to  be  from 
the  neutral.  Usually,  this  unbalancing  is  not  serious. 
This  is  clear  when  it  is  remembered  that  the  neutral  cur- 
rent divides  in  the  teaser  windings,  5,  and  S^,  inversely 
as  the  number  of  turns  between  that  point  and  the  ac- 
tive turns  in  each  direction.  (By  the  active  turns  is 
meant  only  the  86.6  percent  of  the  secondary  windings 
6\  and  S^).  Thus,  if  the  taps  were  exactly  at  the  neutral 
point  one  sixth  of  the  total  neutral  direct-current 
current  would  flow  toward  the  86.6  percent  tap  in  each 
case  and  one  third  toward  the  50  percent  tap  of  the 
other  secondaries  S^  and  S^.  At  the  50  percent  tap  of 
the  other  secondaries,  S^  and  S^,  the  one  third  current 
would  then  divide  equally,  one  sixth  going  into  each 
portion  of  the  winding.  It  must  be  clear,  then,  that  this 
equal  division  will  not  take  place  properly  as  long  as  the 
taps  are  not  exactly  at  the  neutral.  However,  the  use 
of  the  balance  coil  tends  to  equalize  the  neutral  current 
in  each  phase  of  the  winding  and  gives  balancing  which 


IS  usually  good  enough. 

Another  method,  quite  different  from  the  preceding 
in  some  respects,  which  insures  correct  balancing,  but  is 
slightly  more  expensive  to  install,  is  the  use  of  balance 
coils  which  are  connected  directly  to  the  slip  rings  of 
the  converter,  rather  than  to  the  transformer.  This 
method,  however,  eliminates  the  necessity  of  trying  to 
tap  the  neutral  points  of  the  transformer  secondaries. 
Referring  to  Fig.  3,  the  three  balance  coils,  B^,  B^  and 
B^  have  their  center  points  connected  together,  as 
shown,  and  the  neutral  or  third  wire,  L.^,  is  joined  to 
this  point.  The  balance  coil  terminals  are  then  con- 
nected to  the  respective  slip  rings  in  the  order  shown. 
In  this  way,  the  direct-current  in  the  neutral  is  caused 
to  divide  equally,  one  sixth  being  directed  to  each 
fihase.  The  flow  of  the  direct-current  is  shown  by  the 
arrows,  the  assumption  having  been  made  that  the  un- 
I'alancing  was  such  that  it  was  flowing  into  the  balance 
coils. 
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lied  to  each  questioner  enclosing  a  stam|ied,  self 

as  soon  as  the  necessary  information  can  be  obtained 

cannot  be  considered.    As  each  question  is  answered 

ubject  involved,  and  checked  by  at  least  two  others, 

|^;th  of  time  should  be  allowed  before  expecting  an  answer. 


1815 — WiND.\GE — Can  you  tell  me  the 
law  covering  windage  of  similar  style 
machines  at  the  same  speed  but  of 
different  diameter? 

J.E.MCH.    (MICH.) 

For  machines  of  similar  style  running 
at  the  same  speed,  the  windage  varies 
approximately  as  the  cube  of  the 
diameter.  M.w.s. 

1816 — I.NSULATION       OF       SQUIRREL-CaGE 

Rotor  Bars — Have  read  in  the  June 
J0URN.\L  that  it  is  unnecessary  to  in- 
sulate squirrel-cage  rotor  bars.  Today 
a  rotor  was  brought  in  for  repairs. 
The  report  was — motor  would  not 
start,  rotor  was  sizzling  hot,  burnt  in- 
sulation off  of  bars  due  to  standing 
still  with  current  on.  The  rotor  shows 
evidence  of  extreme  heat  and  melting 
solder  where  sweated  into  end  rings, 
stator  reported  O.  K.  The  rotor  bars 
are  extra  long,  said  to  be  for  starting 
torque.  It  is  a  big  job  to  dismantle 
and  assemble  the  squirrel-cage.  Now 
the  question  is  if  bars  do  not  require 
insulation,  why  reinsulate,  why  dis- 
mantle? Could  we  ground  the  end 
rings  (they  are  not  grounded)  and 
leave  the  burnt  insulation  in?  Every 
one  of  the  insulating  cells  does  not 
appear  burnt.  A  lamp  burnt  bright  to 
ground.  Why  will  not  the  motor 
start?  It  seems  like  it  should  even 
if  insulation  is  burnt  or  bars  grounded. 
Do  you  think  the  cause  is  elsewhere 
than  in  the  rotor? 

J.E.MCH.    (mich.) 

Your  question  is  not  suthcicntly  de- 
tailed to  enable  us  to  say  positively  why 
the  motor  would  not  start.  You  do  not 
even  state  whether  it  is  a  single-phase 
or  a  polyphase  motor.  Assuming  the 
latter  there  arc  two  plausible  explana- 
tions. Either  the  motor  was  locked  in 
the  stand  still  position  by  an  overload 


or  by  a  frozen  bearing  or  some  other 
such  difficulty;  or  the  windings  of  one 
phase  are  open.  With  a  star-connected 
or  two-phase  primary  this  would  im- 
press only  single-phase  current  on  the 
windings,  which  would  cause  the  wind- 
ings, both  primary  and  secondary,  to  be- 
come exceedingly  hot  from  the  short- 
circuited  single-phase  current,  but  would 
produce  no  starting  torque.  A  burned 
out  fuse  or  a  broken  wire  would  easily 
cause  this  condition.  There  might  be 
other  explanations  but  this  seems  like 
the  most  plausible  one.  Even  if  the 
secondary  insulation  is  all  burned  off, 
the  rotor  should  start  if  the  primary 
winding  is  in  good  condition.  It  is  not 
really  necessary  to  reinsulate  the  rotor 
bars,  although  insulation  is  more  im- 
portant in  a  motor  of  small  number  of 
poles  (for  example  a  25  cycle,  2-pole 
motor),  than  it  is  on  a  motor  having  6 
or  8  poles  or  more.  The  only  function 
of  the  insulation  is  to  prevent  current 
circulating  through  the  iron  and  there  is 
little  tendency  to  do  this  where  the  flux 
path  is  short.  It  is  not,  however,  ad- 
visable to  try  to  operate  this  motor  with 
the  rotor  bars  loose  in  the  slots.  They 
should  be  tightly  wedged  mechanically 
or  they  will  be  liable  to  break  off  from 
vibration.  The  conductors  should,  of 
course,  be  resoldered  onto  the  end  rings 
wherever  there  is  any  possibility  of  poor 
connection,  as  poor  contacts  will  cause 
further  trouble.  If  the  motor  has  been 
hot  enough  to  melt  the  solder  in  the 
rotor,  it  would  be  advisable  also  to  ex- 
amine the  stator  carefully  for  the  effects 
of  overheating.  C.W.K. 

181 7 — Stak-Interconnected  Transfor- 
mer— To  supply  a  three-phase,  four- 
wire  system  with  unbalanced  loading, 
a  star-star  transformer  is  not  permis- 
sible while  a  delta-star  or  star-inter- 
connected-star  transformer  will  main- 


tain balanced  line  voltages  and  stable 
neutral.      Please  give  a  complete  vec- 
tor diagram  for  both  primary  and  sec- 
ondary sides,     showing     all     voltages, 
currents   and    fluxes    for   each   of   the 
above  connections  i.e.  star-star;  delta- 
star;  star  interconnected-star;  assum- 
ing say  25  percent  out  of  balance  cur- 
rent in  the  neutral  wire  and  an  aver- 
age BH  curve.  s.a.s.  (england) 
In   the   case   of   a   star-star   connected 
bank  of  transformers  loaded  unsymmet- 
rically    from     lines   to   neutral     on   the 
secondary  side,  there  are  so  many  vari- 
ables that   it    is    impossible    to    give    a 
quantitative   answer.       Fig.    (a)    shows 
the    voltage    vectors    of    the    unloaded 
transformers  OA,OB,OC  being  the  pri- 
mary  voltages,   and   oa,oh,oc   the  secon- 
dary voltages.      Assume  now  that  a  very 
small  current  could  be  drawn  from  sec- 
ondary  phases   ob   and   oc  without   dis- 
torting the  shape  of  the  voltage  vectors. 
This  condition   is   shown   by  the   dotted 
lines  in  Fig.   (b).      Such  currents  would 
cause  currents  In  and  lo  in  the  high-ten- 
sion    windings     of     the     corresponding 
transformers.       These   currents    in    the 
high-tension  windings  would  have  to  be 
supplied  from  line  A  through  the  wind- 
ing   AO.        The    resultant    of    the    two 
currents  is  indicated  in  the  sketch  by  Ir, 
ivhich  will  be  the  current  flowing  in  the 
winding  AO.      Since  this  current  is  not 
balanced  by  a  current  in  the  secondary 
winding  of  the  same  transformer,  it  will 
cause  a  flux   in  phase  with  itself,  4>  in 
Fig.  b.       This  flu.x  will  cause  a  voltage 
Er  in  the  transformer  AO,  which  will 
combine    with    the    voltage  OA.      The 
points  A,B  and  C,  however,  are  fixed  by 
the  line  voltages  and  cannot  shift,  there- 
fore the  neutral  point  will  be  shifted  a.« 
shown.      As  soon  as  the  neutral  change.' 
its  position  the  voltages  OB     and     OC 
change  both  their  position   and  magni- 
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tude,  and  consequently  the  current  in 
these  two  windings  will  change  their 
position  and  magnitude.  The  final  re- 
sult will  be  that  the  point  O,  as  the  load 
on  the  two  secondaries  increases,  will 
shift  from  its  no-load  position  through 
some  kind  of  a  curved  path  until  finally. 
for  very  heavy  equal  loads  on  these  two 
phases,  it  will  reach  a  point  midwav  be- 
tween C  and  B.  The  shape  of  this 
curve  depends  not  only  on  the  character- 
istics of  tlic  iron  in  transformer  A  but 
also  on  the  power-factor  of  the  load  in 
phases  5  and  C.  The  important  thing 
to  keep  in  mind  concerning  the  star-star 
connection  is  that  it  should  not  be  used 
unless  the  secondary  load  is  balanced. 
The  interconnected  star  is  shown  in  Fig. 
c.  It  will  be  seen  that  a  load  connected 
between  neutral  of  the  secondaries  and 
the  line  B  will  flow  in  transformer  OA 
and  also  in  transformer  OB  and  that  the 
corresponding     primary     currents     will 


FIGS.  1817(a),   (b)   and   (c) 

both  be  balanced  by  secondary  currents, 
so  that  there  will  be  no  tendency  to 
shift  the  neutral.  The  delta-star  con- 
nection when  loaded  on  the  secondarv 
between  lines  and  neutral  amounts  to 
three  independent  transformers  connect- 
ed across  the  three  circuits  of  the  pri- 
mary line.  Of  course,  there  will  be 
no  tendency  to  shift  neutral  in  this  case 

J.B.G. 

1818 — TiRRiLL  Regulator  Connections 
— Fig.  (a)  shows  connections  for 
series  and  potential  transformers  for 
supplying  current  to  the  alternating- 
current  solenoid  of  a  Tirril  voltage 
regulator.  The  circuit  supplying  the 
transformers  has  a  low  power-factor, 
say  around  60  percent.  What  would 
be  gained  by  removing  the  series 
transformer  whose  current  lags  be- 
hind the  current  from  the  potential 
transformer  (at  100  percent  power- 
factor  the  current  leads  30  degrees  in 
one  transformer  and  the  other  trans- 
former current  lags  30  degrees  from 
that  of  the  potential  transformer)  ? 
The  idea  is  to  bring  the  currents  act- 
ing on  the  alternating-current  solenoid 
more  nearly  in  phase.  e.m.  (n.y) 

These  connections  are  used  to  secure 

the  proper  compensation   for  line  drop. 

Such    compensation    requires      that      an 

e.m.f.   be  introduced  into  the  regulator 


coils  which  shall  be  constantly  propor- 
tional in  amount  and  phase  relation  to 
the  drop  produced  by  the  current.  The 
vector  diagrams  in  Fig.  (hi  show  that, 
at  unity  power-factor,  the  current  in  the 
circuit  which  is  fed  by  the  two  current 
transformers    Iaa'    and    Ice'    is    directly 


\ 


FIGS.  1818(a)  and  (b) 

in  phase  with  the  voltage  AC.  This 
resultant  current  from  the  current  trans- 
former, when  lead  through  a  suitable 
resistance  and  inductance,  can  be  made 
to  give  e.m.f.  components  which  are 
proportional  to  the  ohmic  and  inductive 
components  of  the  line  drop.         c.r.r. 

181Q — Power  Input  To  Centrifugal 
Pump — Kindly  explain  why  it  is  nec- 
essary to  place  a  throttle  in  the  dis- 
charge pipe  when  a  centrifugal  pump 
is  operated  on  a  smaller  head  than 
that  for  which  the  pump  is  designed, 
in  order  to  prevent  the  motor  driving 
the  pump  from  being  overloaded. 

A.L.J,  (pa.) 
This  can  be  understood  by  referring 
to  the  characteristic  curves  of  a  centri- 
fugal pump,  such  as  shown  in  Fig.  (a). 
These  are  such  in  the  usual  pump  that 
with  a  decrease  of  head  the  output  will 
increase  verj*  greatly,  so  that  the  product 
of  head  and  gallons  per  minute  increases 
with  a  decrease  of  head.  The  extent  of 
this  action  depends,  of  course,  on  the 
design  of  the  pump,  but  the  character- 
istics shown  are  the  ones  most  commonly 
found.  Such  characteristic  curves  are 
given  in  almost  any  pump  manufacturers 
catalogue.    The  whole  subject  is  treated 
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FIG.    1819(a) 

at  some  length  in  an  article  on  "Motor- 
Driven  Centrifugal  Pumps,"  by  Mr.  E. 
C.  Wayne,  in  the  Journal  for  March 
iqi3,  p.  228.  The  action  of  the  throttle 
in  the  discharge  pipe  is  of  course  to 
bring  the  effective  head  pumped  up  to 
normal  and  thereby  reduce  the  output  to 
that  which  the  motor  can  properly 
■iupply.  CR.R. 


1820 — Test    Apparatus    for    Motors — 
Kindly  suggest  the  best  apparatus  to 
use    in    testing    one,    two    and    three- 
phase,    alternating-current    motors    of 
no  and  220  volts,  60  cycles  and  from 
one  to  35  hp,  where  the  only  available 
supply  is  lio  to  220  volt  direct-current, 
ihree-wire    system.     Would    a    rotary 
converter    and    transformers    do    the 
work?      If    so,    please    specify    style, 
connections,  etc.     Would  also  like  in- 
formation pertaining  to  a  transformer 
to  be  used  in  conjunction  with  above 
apparatus  for  the  purpose  of  a  break- 
down  test?  H.R.G.    (n.j.) 
We    cannot    recommend    an    inverted 
rotary  converter  as  a  source  of  power 
for   this   application   as    it   would   have 
poor     speed     regulation     with     varying 
power-factor  load  unless  equipped  with 
a    special    exciter.     Also,    the    voltage 
could  not  be  carried  over  the  necessary 
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FIGS.  1820(a)  and  (b) 

range  for  a  saturation  curve  on  an  in- 
duction motor.  To  obtain  good  voltage 
and  frequency  regulation,  we  would 
recommend  a  motor-generator  set.  The 
220  volt,  direct-current  motor  should 
have  a  fairly  flat  speed  curve.  The 
generator  should  be  three-phase,  220 
volts.  Three  transformers  should  be 
used.  These  should  be  220  volts  on  the 
high-voltage  side,  one  having  a  50  per- 
cent tap  and  the  second  an  86.6  percent 
tap  when  two  are  used  for  a  Scott 
three-phase — 2-phase  combination.  The 
low  voltage  side  of  the  transformers 
should  have  two  no  volt  coils  which 
can  be  connected  in  either  series  or 
parallel  for  testing  either  220  or  no 
volt  motors.  For  the  breakdown  insula- 
tion test,  a  portable  two  k.v.a.  testing 
transformer  can  be  purchased  from  any 
large  electrical  manufacturing  company. 

W.V.F. 

1821 — Static  Discharge — What  is  the 
activity  of  a  spark  coil  from  an  or- 
dinary ignition  system  when,  with  the 
primary  coil  connected  to  a  battery, 
you  bring  the  end  of  the  sccondaiy 
close  to  a  small  nut  or  other  piece  of 
iron,  which  along  with  the  rest  of  the 
system  is  thoroughly  insulated  from 
the  ground  and  from  its  separate 
part?,  and  a  spark  continuously  jumps 
to  the  nut.  g.l.k.   (alberta) 

A  spark  coil  gives  a  high  impulse  of 
voltage  which  charges  the  nut  or  small 
piece  of  iron.  When  the  voltage  of  the 
spark  coil  drops,  the  charged  body  dis- 
charges through  the  gap  just  as  a  cloud 
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discharges  to  earth  through  the  lightning 
boIt._  This  is  the  same  effect  that  is 
obtained  when  a  screw  driver  or  other 
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FIG.    1821(a) 

piece  of  material  is  held  near  a  con- 
ductor which  is  charged  to  2200  volts  or 
higher  above  ground  potentials. 

L.W.C. 

1822 — Re.'\ctance  Coils  to  Protect  Tur- 
bine-Generator COUPLING — I  have  two 
turbo-alternators  here  that  have  been 
giving  trouble  with  shearing  the  coup- 
ling bolts.  They  run  at  3000  r.p.m., 
440  volts,  50  cycle,  1230  amperes, 
three-phase.  I  wish  to  protect  them 
with  reactance  coils.  Would  three 
percent  reactance  be  enough?  We 
have  connected  five  feeder  circuits. 
A  0.6  in.,  three-core  lead-covered 
cable  440  volts,  iioo  ft.  long.  An 
aerial  0.6  in.  spaced  9  inches,  1000  ft. 
A  0.4  in.  aerial,  1800  ft.,  9  inch  spacing 
all  triangular.  We  have  four,  350 
horse-power  motors,  two  on  0.6  in. 
cable  and  two  on  0.6  in.  aerial.  The 
largest  motor  on  0.4  in.  is  100  hp,  all 
the  others  on  this  circuit  range  from 
6  to  60  hp.  All  lines  are  fully  loaded. 
Some  of  the  short-circuits  that  oc- 
curred on  or  near  the  motors  caused 
the  lines  to  pull  together  near  the 
power-house.  The  fourth  circuit  is 
feeding  a  step-up  transformer  440  to 
5000  volts  through  0.4  miles  of  line, 
200  kw  is  transmitted.  The  low- 
tension  side  cables  are  90  ft.  long. 
The  fifth  feeds  a  single-phase  light- 
ing transformer,  440  to  220  and  no 
volts,  20  kw,  100  ft.  We  have  no 
choke  coils  on  any  of  these  circuits 
except  on  the  high-tension  side  of 
No.  6  circuit.  We  have  multipath 
arresters  and  the  consulting  engineers 
say  that  they  do  not  need  anv  choke 
coils.  Is  this  correct?  Could  I  make 
chokers  out  of  pieces  of  iron  tubes 
-slipped  over  the  line  switches  and 
insulated  from  them,  as  I  desire  to 
put  in  chokers  and  have  no  suitable 
place  to  put  them  without  a  great  ex- 
pense and  shutting  down? 

W.H.M.    (AUSTRALIA) 

The  arrangement  of  generators  apd 
loads  is  understood  to  be  as  shown  in 
Fig.  I.  The  calculated  resistance,  re- 
actance and  inpedance  of  one  wire  in 
each  transmission  line  in  series  with  one 
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FIG.    1822(a) 

phase  of  one  generator  is  listed  in  Table 
I,  together  with  the  average  of  the  three 
currents  in  the  three  wires  of  each  line 
at  the  instant  that  short-circuit  occurs 
near  one  of  the  motors.     The  kw  load 


given  in  each  case  is  the  PR  loss  in  line 
and  generator  for  the  current  given. 
This  is  the  load  which  is  suddenly 
thrown  on_  the  machine  at  the  time  oj 
short-circuit  and  one  which  might  cause 
shearing  of  coupling  bolts.  Only  in  the 
case  of  line  A  is  this  load  of  sufficient 
magnitude  to  be  considered. 
TABLE     r— SHORT-CIRCUIT    CURRENTS 


Line 


Kesistam-e     in     ohmsi 

0°C p.01515Jo.0139|o.0:)52 

Reactance     in     ohms  j 

0°C 0.0273   J0.0705|o.l27 

Impedance     in     ohms|  I  | 

0°C 10.0312    i0.0718|0.131 

Avg.     inst.     .sliort-cir-  |  . 

cuit   current    I    10  5001     4550      2500 

Kw.    loss   at   30°C.^  I 

I    R    I       56501       975        745 


On  a  modern  turbo  generator  of  this 
capacity,  the  coupling  would  have  twelve 
lb'  inch  diameter  bolts  on  a  7.5  inch  bolt 
circle.  On  this  basis,  the  maximum 
shearing  force  on  the  bolts  for  line  A 
would  be  3400  lbs.  per  sq  inch,  which 
is  a  very  safe  value.  It  would  seem, 
therefore,  that  the  couplings  on  these 
machines  must  have  too  few  bolts, 
otherwise  they  could  not  be  sheared  off, 
even  under  the  effect  of  an  impact  load. 
There  is  already  sufficient  reactance  in 
the  lines  to  limit  the  current  to  a  safe 
value  if  the  mechanical  construction  is 
correct.  s.l.h. 

1823 — Capacitance  Measurements— In 
Pender's  Handbook,  first  Ed.,  p.  183, 
the  following  statement  is  made :  "In 
calculating  the  charging  current,  volt- 
age drops,  etc.,  in  a  single-phase  or 
balanced  three-phase  transmission  line 
it  is  sometimes  convenient  to  consider 
the  actual  capacity  between  wires  as 
made  up  of  two  capacities  in  series, 
each  of  twice  the  actual  capacity  be- 
tween wires.  This  double  capacity 
****  is_ called  the  capacity  to  neutral, 
since  this  capacity  multiplied  by  the 
voltage  to  neutral,  in  either  a  single 
phase  or  a  balanced  three-phase  lin?. 
gives  the  charge  per  wire  ***.".  i. 
(a)  Please  explain  what  is  meant  by 
"capacity  to  neutral"  and  "voltage  to 
neutral"  of  a  single-phase  line,  (b)" 
The  statement  "this  capacity  multi- 
plied by  voltage  to  neutral  gives  the 
charge  per  wire"  is  also  not  clear  in 
view  of  the  fact  that  the  formula  for 
charging  current  is  usually  given  as,— 
I  =  2-njCV. 
2.  Same  handbook,  tables  pp.  187-190, 
gives  "Capacity  to  neutral  in  micro- 
farads *  *  *  *  of  each  wire  of  a  single- 
phase  or  of  a  symmetrical  three-phase 
line"  with  a  footnote  "The  capacity 
between  wires  equals  one-half  the 
values  given  in  this  table".  (a) 
Please  explain  the  first  statement  bv 
indicating  what  would  be  the  relative 
readings  of  the  ammeter  in  a  test  on 
a  transmission  line,  when  two  phase 
wires  only  are  energized,  and  when 
three  phase  wires  are  energized. 
Would  the  ammeter  read  the  same  in 
both  cases?  l.c.p.   (ohio) 

The  tables  for  calculating  the  charg- 
ing current  as  given  in  handbooks  are 
based  on  the  voltage  between  line  and 
neutral  and  an  equivalent  capacity  be- 
tween line  and  neutral.  On  a  single- 
phase  system  the  voltage  between  line 
and  neutral  is  one-half  the  line  voltage; 
on  the  three  phase  system  it  is  equal  to 
l/\'.;  line  voltage.  With  the  single- 
phase  case  the  eiiuivalent  capacity  be- 
tween   line    and    neutral    is    twice    the 


actual  capacity  between  lines.  Referring 
to  Fig.  (a),  it  will  be  seen  that  the  charg- 
ing currents  are  the  same  in  either  case, 
remembering  the  rule  that  condensers 
in  parallel  have  a  capacity  equal  to  the 
sum  of  the  separate  capacities,  and  th^t 
the  reciprocal  of  the  capacity  of  the  con- 
densers in  series  is  equal  to  the  sum  of 
the  reciprocals  of  the  separate  capacities. 
For  the  balanced  three-phase  cases  the 
conditions  appear  slightly  different.  Let 
the  apparent  capacity  effects  be  repre- 
sented by  three  condensers  connected  as 
shown  on  Fig.  (b).  These  condensers 
might  also  be  assumed  to  be  as  shown 
on  Fig.  (c)  with  C„  the  capacity  between 
the  line  wire  and  neutral.  These  two 
capacity  arrangements  are  equivalent, 
when  they  give  the  same  capacity  be- 
tween terminals.  Let  C  represent  the 
capacity  between  the  terminals  1-2 ;  2-i, ; 
or  3-1.  The  equations  connecting  the- 
various  capacities  can  now  be  written  as 
tolloAvs: — 

2  2 

With  Iialanced  voltage  of  E  per  phase 
the  charging  current  per  wire  is  the 
same  for  Figs,  (b)  and  (c)  which 
gives,— 

_  E 

1   3     /■:2^/C'=~=Z2n  f  C„C«:.=3C' 

Hence  the  equivalent  capacity  between 
line  and  neutral  is  equal  to  twice  the 
capacity  between  wires.  It  will  be  ob- 
served that  the  capacity  C„  between  line 
and  neutral  might  also  have  been  de- 
fined as  three  times  the  capacity  between 
lines  as  defined  by  C ,  in  which  case  the 
capacity  between  lines  would  have  the 
same  meaning  as  in  the  single-phase 
case.  To  show  how  these  relations  may 
be  applied,  the  values  of  charging  cur- 
rent for  a  three  phase  line  under  various 


I     I' 

1      I 


FIGS.   1823(a),   (b)   and   (c) 

conditions  of  operation  will  be  cal- 
culated. Suppose  a  three  phase  line 
composed  of  three  4/0  conductors 
spaced  two  feet  apart  and  a  mile  long, 
supplied  by  a  three-phase,  60  cycle, 
20000  volt  system.  Referring  to  Fen- 
ders' handbook  the  charging  current  for 
the  balanced  three-phase  system  can  be 
calculated  as   follows: — 

2<i  000 
I  =       , X    ^  '  -"      =   o.oSj  amperes 

For  the  single-phase  case,  that  is,  with 
the  third  wire  removed,  the  charging 
current  would  be — 

=  o.o/.'j  amperes 

If  the  third  wire  were  left  in  place,  but 
disconnected  at  both  ends  the  charging 
current  would  be  approximately  the 
same  as  if  the  wire  were  removed. 

R.n.E. 

1824 — Reverse  Power  Relay  Connec- 
tions—  A  three-phase  transformer, 
6fioo  volts  to  2300  volts,  has  thr.x- 
current  transformers  delta  connected 
on  the  high-tension  side,  which  is  star 
connected,  and  three  current  trans- 
formers star  connected  in  the  low- 
tension  side  which  is  itself  delta  con- 
nected.    The  current  transformers  are 
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connected  to  the  coils  of  a  two  pole 
"Instantaneous  Reverse  Power  Relay" 
as     shown,     and     the     current     trans- 
formers   arc    grounded    as    indicated, 
(a)  Upon  inserting  an  ammeter  in  the 
ground  wire,   I   found  an  appreciable 
current  flowing.     The  phases  show  an 
unbalancing  of  from  10  to  20  percent 
due    to     single-phase     loads.     Is     this 
current    mentioned    influenced   by   the 
amount  of  tmbalancing  and  just  what 
is    the    circuit    of    this    ground    wire 
current?      (b)    What  is  the  effect  of 
moving  the  ground  wire  to  a  different 
corner  of  the  delta?     (c)  Please  show 
vectorially  the   conditions  of   the   cir- 
cuit   assuming   an    unbalancing   of    20 
percent  and  70  percent  power-factor, 
j.s.  (conn.") 
Fig.   (a)   shows  that  one  of  the  coils 
is  connected  to  a  "Z"  connection,  where- 
by the  current  would  add  vectorially  to 
five  amperes  instead  of  8.66  as  in  case 
of    the    other    high-tension    connections. 
Fig.    (c)    shows   the   proper  connections 


IK'V\^    Iww^    IvvVv]  \ 
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FIGS.   1824(a),    (b)   and   (c) 

to  the  relays.  It  is  presumed  that  the 
current  transformers  on  primaiy  and 
secondary  are  so  connected  that,  neg- 
lecting transformer  losses,  when  five 
amperes  flow  in  each  of  the  primary 
current  transformers,  five  amperes  will 
likewise  flow  in  each  of  the  secondary 
current  transformers.  Since  the  power 
transformer  is  connected  in  star-delta, 
the  current  in  lines  /,  2  and  ^  will  lie 
30  degrees  out  of  phase  with  the  current 
in  lines  A,  B  and  C.  The  current  in 
line  A  will  be  in  phase  with  voltage 
£1-2,  the  current  in  line  B  will  be  in 
phase  with  the  voltage  between  wires 
_'  and  3,  and  so  on.  With  the  connec- 
tions shown  in  Fig.  (c),  the  current  in 
coil  M  will  be  opposed  liy  the  current  iii 
coil  K,  and  the  current  in  coil  A'  will  be 
opposed  by  the  current  in  coil  /,.     How- 


e\er,  in  order  to  get  the  proper  phase 
relations  so  that  M  opposes  K,  and  A^ 
opposes  L  arithmetically,  it  was  neces- 
sary to  bring  the  current  from  the 
secondaries  of  the  current  transformers 
into  phase  by  recourse  to  the  delta  con- 
nection of  the  current  transformers  on 
the  primary  side.  Unfortunately,  this 
latter  procedure  introduces  the  complica- 
tion that  the  current  in  M  and  N  will  be 
(in  the  order  of  8.66  amperes  against  5 
amperes  current  in  K  and  L.  It  is  cus- 
tomary to  overcome  this  difficulty  by  in- 
stalling current  transformers  in  the  lines 
10  coils  K  and  L  which  will  raise  the 
current  from  5  to  8.66  amperes.  On 
the  other  hand,  the  current  transformers 
in  the  secondary  of  the  power  trans- 
former may  be  selected  with  a  second- 
ary ratio  of  8.66  amperes,  depending  on 
whether  these  transformers  are  used 
exclusively  for  these  relays  or  other  in- 
struments as  well.  L.A.T. 

1825 — Lightning  Protection  for  Meters 
— Considerable  trouble  has  been  ex- 
perienced from  polyphase  440  volt 
meter  breakdowns  due  to  lightnin.g. 
Satisfactory  arrester  protection  has 
not  been  found.  Meters  have  been 
installed  with  a  lighning  arrester  con- 
nected to  each  line  wjre  on  each  side 
of  the  meter,  and  though  the  ar- 
resters were  undamaged,  the  meter 
was  entirely  destroyed.  The  arresters 
were  of  a  well  known  make  and  the 
expulsion  type  which  are  considered 
as  satisfactory  as  any.     There  were  no 


FIG.   1825(a) 

choke  coils  used  with  the  arresters. 
It  is  necessary  to  install  a  meter  on  a 
line  as  long  as  2000  feet  to  register 
the  loads  of  several  motors.'  Do  you 
consider  it  would  pay  to  install  choke 
coils  with  the  arresters?  ,  Can  you 
recommend  a  low-voltage  choke  coil 
of  about  25  amperes  capacity,  also 
low-voltage  arresters  or  a  combination 
of  both  that  are  so  arranged  that  they 
will  not  recjuire  a  large  space  to  in- 
stall them  in.  Our  steel  cabinets  are 
limited  for  space. 

E.W.K.    (kANS.) 

We  would  suggest  the  use  of  a  choke 
coil  combined  with  a  condenser  type 
lightning  arester,  as  shown  in  Fig.   (aV 

1826 — Singi.e-Phase  Motor  Windings — 
I  have  a  single-phase,  rotating  field, 
stationary  squirrel-cage  armature,  no 
volt,  6.6  ampere,  60  cycle,  split-phase 
starting,  induction  niotor.  The  rotor 
is  wound  for  four  poles,  having  48 
slots  on  its  face.  The  starting  wind- 
ings are  wound  90  degrees,  or  45  me- 
chanical degrees  to  the  running  wind- 
ings. The  running  coils  are  composed 
of  four  sets  of  coils;  each  set  having 
18,  16,  14,  12  and  10  turns,  of  No.  i5 
copper  wire.  The  coils  containing  the 
greatest  number  of  turns,  are  on  the 
outside  of  the  set  with  the  smallest 
coil  in  the  center.  The  largest  coil 
spans  12  slots,  in  the  field  face,  while 
the  smallest  spans  4  slots  (including 
the  two  it  is  wound  in).     The  slarlint; 


coils  are  wound  of  No.  26  copper  wire, 
and  have  four  sets  of  coils  with  five 
coils  per  set.  They  arc  wound  similar 
to  the  running  coils  with  the  coil  of 
most  turns  outermost.  The  coils  have 
16,  14,  12,  10  and  8  turns  of  wire,  with 
the  largest  coil  spanning  12  slots  (in- 
cluding the  two  it  fills).  These  coils 
arc  connected  (on  both  starting  and 
running  windings)  so  that  a  test  .for 
polarity  with  direct-current  shows 
every  adjacent  pole  reversed,  i.  e. ; 
North,  South,  North  and  South.  The 
leads  of  the  running  winding  connect 
directly  to  slip  rings,  while  the  start- 
ing winding  has  a  centrifugal  cut  out 


Runnine: 


FIG.    1826(a) 

switch  in  circuit.  The  field  does  not 
rub  on  the  armature  and  the  bearings 
are  not  tight.  The  slip  rings  are  new 
and  the  brushes  are  in  good  condition 
and  make  good  contact.  Normal  volt- 
age is  supplied  to  the  field,  and  it  is 
not  loaded  in  any  way.  Due  to  burnt 
out  windings  the  writer  undertook  to 
rewind  this  motor  and  followed  the 
hand  winding  method  using  the  above 
data  on  the  number  of  turns,  etc., 
but  the  motor  will  not  run.  Tests 
prove  the  windings  are  not  grounded 
in  any  way.  Could  you  advise  me  as 
to  whether  the  number  of  turns  are 
correct?  Whether  the  polarity  is  cor- 
rect? Also  as  to  what  is  the  cause  of 
its  non-operation?  When  voltage  is 
applied  and  the  field  is  in  a  certain 
position,  it  will  start  to  rotate  and 
move  half  a  revolution,  where  it  will 
stop  and  produce  a  loud  humming. 
Hand  rotating  at  any  other  position 
will  be  discouraged  by  strong  brake 
effect.  E.w.Mcc.  (idaho) 

The  fact  that  the  armature  resists 
rotation  by  hand  when  in  certain  posi- 
tions indicates  that  the  secondary,  i.  0. 
squirrel-cage  winding,  is  not  of  uniform 
resistance,  but  has  a  path  of  relatively 
low  resistance  and  one  of  very  high  re- 
sistance. This  could  be  caused  by  the 
heat  deteriorating  the  contacts  between 
certain  of  the  bars  and  the  end  ring. 
This  condition  also  indicates  that,  in 
addition  to  the  defective  squirrel-cage, 
the  primary  field  is  strictly  single-phase 
and  has  no  rotating  component  such  as 
would  be  caused  by  the  starting  winding, 
because  even  though  the  secondary  was 
defective,  it  would  not  cause  a  locking 
or  resistance  to  motion  if  the  primary 
was  producing  a  rotating  field,  although 
it  might  not  go  up  to  full  speed.  We 
would  suggest  that  the  joints  between 
the  squirrel-cage  bars  and  resistance 
rings  be  carefully  resoldered  and  that 
the  circuits  of  the  main  and  starting 
winding  be  carefully  checked  to  see  th.it 
neither  one  is  open.  It  is  possible  that 
an  open  circuit  exists  at  the  contact 
point  of  the  starting  switch  and  these 
circuits  should  be,  therefore,  checked 
from  brushholder  to  brushholder  and 
not  simply  from  winding  terminal  to 
winding  terminal.  We  see  no  dis- 
crepancies in  the  winding  or  connections 
a^  described.  G.H.G. 
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?    purpose    of    this    section    is    to    present 
epted  practical  methods  used  by  operating 
companies    throughout    the    country 


co-operation    of   all    those    interested    ij 

ating  and  maintaining  railway  equipment 

invited.      Address    R.    O.    D.    Editor. 


Shop   Organization 


To  keep  down  the  expense  and  turn  out  the  maximum 
amount  of  work  with  the  least  number  of  men,  the  shop  force 
in  charge  of  the  upkeep  of  railway  equipment  should  be  thor- 
oughly organized.  Each  group  of  men  should  be  assigned 
certain  duties  for  which  they  are  held  responsible  by  one  man 
in  charge,  who  in  turn  reports  to  someone  higher  up  within 
the  organization;  thus  avoiding  repetition  of  work  and  con- 
fusion in  carrying  out  orders  and  reporting  troubles.  By  this 
means,  the  head  of  the  organization  can  keep  in  close  personal 
touch  with  all  lines  of  his  work  through  the  directing  heads 
of  the  various  department^ 


Upholstery     1      _|  Detail  Repai 


y\ 


H 


KIG.    I — TyPIC.\L   ORG.^NIZATION    CHART 

.  In  presenting  the  organization  chart  here  shown,  the  object 
is  to  give  a  general  scheme  that  can  be  used  as  a  guide  in  build- 
ing up  an  organization  for  handling  economically  the  work  of 
maintaining  the  equipment  of  a  street  railway  company  of 
average  size.  Smaller  companies  will  find  it  advisable  to  con- 
dense this  chart,  while  it  may  be  necessary  to  make  further 
subdivisions  to  meet  the  requirements  of  larger  operating  com- 
panies. 

BUTIES  OUTLINED 

The  Master  Mechanic  should  be  the  directing  head  of  the 

entire  system,  and  through  the  channels  of  his  immediate  asso- 
ciates, issue  all  instruction  and  receive  all  information  relating 

to  the  workings  of  the  organization.     All  welfare  work  should 

come  directly  under  his  supervision. 

The  Shop  Siipcrintetidcnl  is  responsible  for  the  work  of  the 

electrician  and  inspector,  and  should  have  direct  charge  of  all 

departments  of  shop  work  as  follows : 
DEPARTMENTS  WORK    HANDLED 

Machine    Shop All  machine  and  bench  work. 

Forgo    Shop Forgings,    oxyacetylene    and    arc    welding. 

Bearing    Dept Re-babbitting   of   bearings. 

Tool    Room Care   and    repair   of   tools,    gauges,    etc. 

OarpeBter    Shop All  wood  and  cabinet  work. 

Paint  Shop Painting  and   glass   work. 

Upholstery    Dept Repair   of   seats  and    curtaing. 

Car    Wash    Room .  Cleaning  and   washing  of  car  bodies. 

Motor    Shop Keconatrueting,    repairing   and    testing  of  mo- 
tors. 

Arm,   and    Coil   Dept Rewinding    and    repairing    of    armatures;    re- 
pair  of   commutators   and    field    coils. 

Detail    Repair    Dept Repair     of     controllers,      girds,      compressors. 

brushholders,   registers,   etc. 

boiler    Room Supply   of   heat,    light    and    hut   water. 

l-;rectin2    .Simp Assembling    of     car     bodies     nn     trucks     nnil 

testing  for  service. 


Truck     .Shop 

Transportation  and  Yard 


Reconstruction 

replacements 

Transportation 


of    trucks;     wheel    and     axle 
shops 


of     material     between 
ns.      Shop   yard   work. 
Oil    House Storage   for   oil,    grease   and    waste. 

The  work  of  each  of  the  above  departments  should  be  in 
charge  of  a  sub-foreman,  who  reports  directly  to,  and  receives 
his  instructions   from  the  shop  superintendent. 

Electrician  and  Inspector — Under  the  direction  of  the  elec- 
trician and  inspector  comes  the  inspection  and  the  electrical 
testing  of  all  details  and  completed  apparatus  placed  on  the 
cars,  both  old  and  new.  He  should  be  held  responsible  for  the 
proper  working  of  all  equipment  on  the  repaired  and  over- 
hriiili-d  cars. 

Chief  Clerk — The  duties  of  the  chief  clerk  should  be  to 
direct  the  general  work  of  the  office  force  and  be  responsible 
lor  accurate  records  of  equipment  maintenance,  repairs,  in- 
spection, etc. 

The  Chief  Draughtsman  should  be  in  charge  of  the  draw- 
iiiK'-room,  keep  records  and  files  of  all  blue  prints  and  drawings. 

Chief  Inspector — The  duties  of  the  chief  inspector  should 
In-  tn  keep  in  close  touch  with  the  equipment  out  on  the  road 
and  to  note  conditions  of  cars  and  the  equipment  at  the  various 
car  barns  and  inspection  sheds. 

The  Storekeeper  should  be  in  charge  of  all  supplies  and 
repair  parts  used  in  all  departments  of  the  shop  and  at  the 
various  car  bams.  Records  of  material  issued  to  all  depart- 
ments should  be  kept,  and  written  reports  submitted  at  stated 
intervals.  He  should  also  be  in  charge  of  all  scrap  material 
for  whose  storage  adequate  facilities  should  be  provided. 
By  a  systematic  inspection  and  segregation  of  all  scrapped 
material  there  will  be  sufficient  salvage  to  more  than  pay  for 
this  added  expense. 

The  Car  Barn  Foremen  should  be  in  charge  of  all  work 
connected  with  the  cleaning,  oiling,  inspecting  and  light  repair- 
ing of  all  equipments  running  out  from  their  respective  bams. 

Welfare  Work — A  few  suggestions  for  work  to  be  con- 
sidered under  this  general  heading  are : — 

I — Provide  first  aid  to  all  injured  employees. 

2 — Establish  and  maintain  a  "Safety  First"  campaign. 

3 — Provide  suitable  lunch  and  wash  room  facilities. 

4 — Promote  and  encourage  a  spirit  of  co-operation  between 
the  various  departments  by  having  regular  meetings  of 
the  heads  of  these  departments  for  the  interchange  of 
ideas. 

5 — Establish  classes  for  the  instruction  of  the  men  in  the 
fundamentals  of  the  electrical  equipment  pertaining  to 
their  work. 

6 — Provide  recreation  rooms  for  the  employees. 

7 — Encourage  the  men  to  express  their  ideas  regarding 
their  work  by  means  of  a  suggestion  box. 

8—  Plan  and  work  with  the  men  to  arrange  for  social  events 
outside  of  the  regular  working  hours,  such  as  entertain- 
ments, shop  picnics,  athletic  meets,  etc. 


Cooperative  buying  for  the  employees. 


John  S.  Dean. 
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The  writer  recalls  that,  when  a  boy, 
High-Speed  he  looked  with  wonder  and  admira- 
Photography  tion  at  photographs  purporting  to  be 
instantaneous,  and  read  with  still 
more  wonder  the  statement  that  such  photographs 
proved  that  motion  was  not  continuous,  but  a  process 
of  translation  from  place  to  place  by  sudden  jerks,  sep- 
arated by  periods  of  rest.  These  periods  of  rest  were 
reported  to  afford  the  photographer  opportunity  to  slip 
in  and  take  a  picture  surreptitiously.  This  theory  did 
not  make  good,  but  rapid  photography  did,  and  passed 
from  the  initial  stages  of  single,  comparatively  short 
exposure  work  to  the  moving  picture,  with  its  succes- 
sion of  short  exposures  which  could  be  reproduced  on 
the  screen  to  simulate  the  original  moving  object. 

When  it  comes  to  really  high-speed  work,  however, 
the  "movie"  is  hopelessly  slow.  Fifteen  to  thirty-five 
exposures  per  second  do  not  mean  much  when  the 
whole  phenomenon  is  over  in  o.oi  second.  In  this  issue 
Mr.  Joseph  W.  Legg  describes  a  camera  capable  of  tak- 
ing pictures  at  the  rate  of  3000  per  second.  Such  a 
camera  is  comparable  to  the  oscillograph  in  recording 
the  details  of  transient  electrical  phenomena. 

For  some  purposes,  of  course,  such  speed  is  not 
necessary,  but  for  many  of  ihe  extremely  rapid  changes 
in  the  configuration  of  visible  forms  the  finely  defined 
and  well  distinguished  pictures  Mr.  Legg  has  produced 
are  instructive,  and  a  source  of  delight  to  the  investi- 
gator or  engineer.  The  steroscopic  exposures  obtain- 
able, when  properly  mounted,  give  a  view  of  what  is 
occuring  with  unusual  vividness,  as  the  flame  or  object 
stands  out  in  space,  disclosing  the  shape  in  three  dimen- 
sions. The  neatness  and  elegance  of  the  design,  and  the 
great  increase  of  speed  over  any  instrument  previously 
built  for  making  a  series  of  separate  successive  expos- 
ures, makes  it  a  notable  advance  in  high-speed  photo- 
graphy. R  P  Jackson 


Starters  for 

Small 

Induction 

Motors 


Protection  of  employees  from  injury 
and  increase  of  production  without  a 
proportionate  increase  in  production 
cost  are  the  ever  present  problems 
confronting  those  responsible  for  the 
success  of  any  business  enterprise.  The  electrification 
of  industries  has  produced  remarkable  results  in  this 
direction  and  in  many  cases  has  doubled  the  output  from 
a  given  machine,  while  at  the  same  time  reducing  the 
operator's  duties,  thereby  permitting  the  concentration  of 
his  energies  on  the  perfection  of  the  process,  with  re- 


sultant improvement  in  the  finished  product.  We  fre- 
quently read  of  the  remarkable  results  obtained  by  elec- 
tric motor  drive,  but  few  appreciate  the  effect  of  the 
motor  starter  or  controller  upon  the  economies  effected. 

The  development  of  systems  of  control  and  the  per- 
fection of  control  apparatus  has  been  an  important  fac- 
tor in  the  decision  of  industrial  and  mining  engineers  to 
replace  the  older  forms  of  power  with  electric  motors 
for  the  operation  of  the  main  rolls  in  steel  mills,  large 
mine  hoists  and  similar  applications.  Large  equipments 
of  this  nature  have  always  been  provided  with  devices  for 
protecting  the  operator,  motor  and  equipment,  as  such 
devices  represented  only  a  small  portion  of  the  total 
cost.  However,  for  every  motor  installed  of  1000  horse- 
power or  larger,  there  are  over  4000  smaller  motors 
placed  in  service,  varying  in  size  from  one-half  to  ten 
horse-power,  which  also  should  be  equipped  with  con- 
trollers providing  full  protection  to  the  operator,  motor 
and  equipment.  Several  years  ago  the  cost  of  such  pro- 
tective devices  was  prohibitive,  but  now  controllers  pro- 
viding these  features  are  available  at  a  reasonable  cost 
and  even  the  smaller  motors  should  be  protected. 

In  their  article  in  this  issue  on  "Manual  Starters 
for  Small  Squirrel-Cage  Induction  Motors"  Messrs. 
Applegarth  and  James  discuss  many  features  that  should 
be  considered  when  selecting  a  starter  for  a  small  motor, 
and  show  how  these  features  provide  safety  to  the  op- 
erator, increase  the  output  and  lower  the  cost  of  produc- 
tion. J.  M.  CURTIN 


The  articles  in  this  issue  by  Messrs. 

Maintenance  of    W.   W.    Cook   and  J.    S.    Dean   are 

Railway  timely  and  will  be  read  with  great  in- 

Equiptnent       terest   by   railway  maintenance  men. 

Instructive  articles  on  this  important 
subject  are  entirely  too  few.  Evei-y  encouragement 
should  be  given  to  railway  men  to  record  their  experi- 
ences and  practices  on  equipment  maintenance,  so  that 
operators  can  have  an  opportunity  to  compare  their 
own  methods  with  those  of  others  and,  in  this  manner, 
develop  the  art  of  maintenance  to  a  much  higher  plane 
than  at  present. 

The  general  use  of  the  passenger  automobile  has 
served,  to  some  extent,  to  bring  home  to  the  minds  of 
many  people  the  fact  that  highly  developed  machinery, 
subjected  to  the  stresses,  vibrations  and  abuse  that  ob- 
tains on  street  cars  or  automobiles,  requires  constant 
scientific  maintenance  methods  in  order  to  avoid  failures 
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in  service  and  high  repair  expense,  as  well  as  disap- 
pointment and  dissatisfaction  to  customers  and  users. 

Many  men  who  drive  their  own  automobiles  care- 
fully, and  boast  about  their  great  reliability  and  low 
maintenance,  notwithstanding  the  small  amount  of  at- 
tention they  give  them,  do  not  always  give  due  consid- 
eration to  the  great  difference  in  the  service  of  the  street 
car  and  that  of  the  average  pleasure  automobile.  This 
difference  would  show  up  at  once  were  they  to  start  out 
some  morning  behind  a  street  car  and  follow  it  all  day 
long,  making  an  average  of  a  hundred  and  fifty  miles 
with  six  to  eight  stops  per  mile,  starting  and  stopping 
at  the  same  rate  as  that  of  the  street  car. 

The  average  electric  railway  executive,  apparently, 
does  not  have  a  clear  picture  in  his  mind  of  the  differ- 
ence between  the  maintenance  of  several  hundred  or, 
perhaps,  fifteen  hundred  to  two  thousand  street  cars  and 
that  of  power  plant  or  substation  machinery,  the  latter 
consisting  of  what  is  termed  "stationary  machinery". 
This  assumption  appears  warranted  because  of  the 
greater  interest  and  attention  given  to  power  plant  ma- 
chinery, as  compared  to  rolling  stock  maintenance  and 
inspection  shops.  This  condition  is  especially  peculiar, 
since  the  opportunity  to  waste  a  high  percentage  of  the 
earnings  in  minor  neglects  and  inefficient  methods,  re- 
sulting in  dissatisfaction  to  patrons,  is  far  greater  in 
the  rolling  stock  department  than  in  any  other  depart- 
ment. In  other  words,  on  most  railways,  the  mainten- 
ance of  rolling  stock  department,  by  the  very  nature  of 
the  work,  with  its  possibilities  for  high  cost,  failures  in 
service,  etc.,  is  entitled  to  the  best  possible  organization, 
with  equal,  if  not  better  technical  skill  and  talent  than 
any  of  the  other  departments.  But,  unfortunately,  this 
exists  on  only  a  few  of  the  electric  railways  in  this 
country. 

Very  little  encouragement  has  been  given  to  tech- 
nically trained  men  to  enter  the  maintenance  depart- 
ment, and  very  little  has  been  done  toward  developing 
technical  skill  among  the  regular  inspectors.  In  the 
writer's  opinion,  this  is  a  matter  that  is  entitled  to  con- 
siderable thought  on  the  part  of  railway  managers  and 
their  immediate  subordinates. 

This  same  problem  confronted  our  country  during 
the  war.  It  was  discovered  very  early  that  the  supply 
of  skilled  mechanics  and  technically  trained  men  was 
wholly  insufficient  to  meet  the  requirements  and  steps 
were  taken  immediately  to  develop  and  instruct  the 
men.  The  best  talent  in  the  country  was  called  to 
Washington  to  work  out  a  system  of  three  months' 
training  for  a  very  large  number  of  picked  men.  The 
work  was  carried  out,  in  all  parts  of  the  country,  with 
marked  success.  In  a  similar  way  it  would  seem  worth 
while  for  electric  railways  to  establish  a  training  school 
for  a  number  of  picked  men  and  give  them  the  oppor- 
tunity to  study  and  learn  the  technical  side  of  the  main- 
tenance and  inspection  problem. 

In  discussing  this  subject  with  maintenance  super- 
intendents the  writer  has  been  told  that  it  sounds  all 
right,  but  that  it  is  an  uphill  game,  principally  on  ac- 


count of  the  competition  for  skilled  men  that  now  pre- 
vails. About  the  time  the  training  is  finished,  the  man 
is  attracted  to  another  job  that  offers  more  pay.  This 
was  also  assigned  aS  the  principal  reason  why  the 
technically  trained  man  does  not  enter  the  maintenance 
of  equipment  work.  If  he  has  vision  and  ambition,  the 
goal  ahead  is,  as  a  rule,  that  of  master  mechanic.  He 
shortly  finds  that  on  most  roads  this  position  pays  three 
or  four  thousand  dollars  per  year  and  it  would  require 
ten  to  fifteen  years  to  get  there. 

The  job  of  master  mechanic  or  superintendent  of 
ecjuipment  should  be  lifted  out  of  the  rut  it  is  in  on  a 
great  many  electric  railways.  The  position  in  reality 
should  be  occupied  by  a  man  of  talent  and  capacity  equal 
to  or  higher  than  that  of  any  other  department.  In  the 
opinion  of  many,  the  very  nature  of  the  task  calls  for 
higher  and  better  paid  talent  than  other  departments  of 
electric  railways.  The  position,  furthermore,  calls  for 
a  greater  number  of  skilled  and  v/ell-paid  assistants  than 
that  of  other  departments,  on  account  of  the  numerous 
and  diversified  branches  of  the  mechanical  and  electrical 
art  that  it  embraces. 

All  classes  of  work  on  maintenance  of  rolling  stock 
call  for  some  degree  of  mechanical  or  electrical  talent, 
and  present  day  rates  for  this  grade  of  workmen  are 
very  high  compared  with  a  few  years  ago.  Conse- 
quently, misapplied  effort  or  careless  work  is  far  more 
costly  than  it  has  been  heretofore.  In  other  words, 
the  investment  in  labor  is  high  and,  consequently,  every 
hour  of  it  must  be  properly  supervised  and  directed. 

The  master  mechanic  who,  heretofore,  has  taken 
great  pride  in  the  manufacturing  end  of  his  work  must 
now  give  more  time  to  inspection  systems  and  methods, 
and  study  vi^ays  and  means  to  prevent  breakdown  and 
failures,  and  to  eliminate  rapid  mechanical  wear,  elec- 
trical burnouts,  etc.  That  is  his  real  maintenance  job; 
manufacturing  should  be  limited  to  only  such  parts  as 
he  finds  too  expensive  to  purchase. 

The  problem  of  holding  skilled  mechanics  and  at- 
tracting technically  trained  men  is  one  that  should  be 
met  the  same  as  all  other  things  that  are  governed  by 
supply  and  demand.  If  satisfactory  results  are  desired 
in  anything  where  human  skill  is  a  factor,  remuneration 
and  other  conditions  must  be  made  attractive. 

The  maintenance  of  rolling  stock  department 
should  be  the  training  ground  for  a  large  number  of 
men  required  in  other  departments.  Transportation 
department  heads  would  be  far  better  fitted  for  their 
positions  if  they  had  several  years'  training  in  the  roll- 
ing stock  department.  In  other  words,  technically 
trained  men  should  be  provided  for  the  maintenance  of 
equipment,  maintenance  of  way  and  overhead  line  de- 
partments. Their  opportunities  for  advancement 
should  not  be  confined  to  their  particular  departments 
as  they  grow  and  develop.  They  should  be  given 
chances  in  other  departments  and  thus  open  the  door  for 
promising  young  men  to  enter  the  industry  and  develop 
;ind  grow  with  it.  M.  B.  Lambert 
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THE  development  of  photographic  apparatus  for 
scientific  purposes  has  been  rapid  in  the  last  few 
years.  The  stereoscopic  effect  of  adjacent  ex- 
posures in  X-Ray  work  and  in  battlefield  photographs 
was  a  material  help  in  the  war.  Although  probably 
more  money  is  spent  in  the  motion  picture  branch  of 
photography  than  in  all  other  branches  combined,  the 
ordinary  motion  picture  has  revealed  but  little  to  science 
that  could  not  be  observed  by  the  unaided  eye.  To  be 
sure,  high  speed  motion  picture  cameras  have  been 
used  for  the  study  of  moving  objects  and,  in  certain 
cases,  for  the  study  of  arc  phenomena.  The  most 
common  form  of  motion  picture  camera  takes  pictures 
at  the  rate  of  about  sixteen  per  second.  Special 
cameras  have  been  in  use  which  take  pictures  of  mov- 
ing object.';  at  several  times  this  rate.  However,  to 
make  a  detailed  study  of  electric  arc  phenomena,  this 
rate  of  exposure  must  be  increased  not  merely  five 
times,  nor  thirty  times,  but  one  or  two  hundred  time 5. 
This  is  especially  necessary  to  obtain  valuable  data  on 
the  phenomena  encountered  in  circuit  breaker  arcs  and 
in  commutator  flashes. 

The  light  in  arc  photography  is  so  extremely  in- 
tense that  it  is  possible  to  use  a  small,  inexpensive  lens 
and  still  obtain  a  good  arc  picture  when  using  a  very 
short  exposure.  To  prove  this,  the  writer  used  a 
"Brownie"  camera,  stopped  down  to  an  aperture  of 
f  :40  and  successfully  obtained  a  picture  of  a  circuit 
breaker  arc  when  using  an  exposure  of  but  seventy-five 
millionths  of  a  second  (0.000,075  iCc). 

For  high-speed  work  it  is  desirable  to  replace  in- 
termittent   or    reciprocating    action    by    simple    rotary 


motion.  As  is  well  known  the  cumbersome,  slow  speed, 
reciprocating  engines,  used  to  drive  generators  have 
been  largely  replaced  by  steam  or  water  turbines.  In 
the  same  way,  a  high  speed,  multi-exposure  camera  has 
been  developed  with  the  intermittent  shutter  movement 
of  other  cameras  replaced  by  simple  rotary  motion. 
All  parts  of  the  camera  remain  stationary  except  the 
very  light  aluminum  disc  shutter.  The  lenses  are  quite 
inexpensive  and  are  arranged  staggered,  in  circles,  with 
the  shutter  shaft  as  a  center.  The  shutter  consists  of 
a  thin  aluminum  disc,  with  a  radial  slot  which  exposes 
the  lenses  in  sequence.  The  sides  of  the  slot  are  cut 
along  radii  of  the  disc  so  as  to  give  equal  exposure 
to  the  lenses  near  and  far  from  the  center  of  rotation. 
By  staggering  the  lenses  more  exposures  can  be  obtained 
on  the  same  plate  and  a  greater  number  of  exposures 
per  second  can  be  obtained  with  the  same  shutter  speed. 

A  slot  further  from  the  center  of  the  shutter,  and 
diametrically  opposite  the  main  slot,  uncovers  lenses 
arranged  in  an  outer  circle  so  as  to  give  simultaneous 
exposures  for  stereoscopic  views.  The  stereoscopic 
lenses  are  spaced  much  further  apart  than  the  human 
eyes,  so  when  the  pictures  are  properly  reversed  and 
mounted  in  a  stereoscope  the  object  photographed  ap- 
pears nearer  to  the  observer  than  it  actually  was  from 
the  camera. 

There  are  twenty-two  different  lenses  in  the  high 
speed  camera  shown  in  Fig.  1,  giving  sixteen  successive 
exposures,  on  one  8  by  10  inch  plate,  six  of  the  ex- 
posures have  stereoscopic  mates.  This  camera  has 
been  used  to  take  pictures  of  arc  phenomena  at  more 
than  one-hundred  times  the  rate  normallv  used  in  mo- 


FIG.    I — ENLARGED    STEREOSCOPIC   PHOTOGRAPH    OF   AN    ARC   BEING    MAGNETICALLY    BLOWN    OUTSIDE    THE    ARC    CHUTES    OF    A    STANDARD 
ELECTROPNEUMATIC  RAILWAY   SWITCH,  AT  950  AMPERES  AND  500  VOLTS 

As  the  arc  was  traveling  ont  at  a  speed  as  fast  as  that  of  a  fast  airplane,  and  as  it  was  within  a  few  feet  of  the 
lenses,  it  is  readily  seen  that  a  really  high-speed  camera  was  required  to  take  such  a  picture.  The  polar  shutter  was 
rotating  at  5625  r.p.m.,  making  exposures  at  the  rate  of  1500  P--r  second,  so  that  sixteen  successive  pictures  were  taken  in 
0.0107  sec. 
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FIG.   2 — FRONT    VIEW    OF    THE    POLAR,    MULTI-EXPOSURE, 
HIGH-SPEED    CAMERA 

The  driving  motor  at  the  top,  through  the  transmission 
chain,  drives  the  high  speed  shutter,  which  is  mounted  inside 
the  camera  just  behind  the  lenses.  Sixteen  achromatic  lenses 
are  staggered  in  two  circles  about  the  shaft  as  a  center  and 
are  exposed  in  sequence  by  the  high-speed  shutter.  Six  addi- 
tional lenses  are  mounted  in  a  third  circle,  diametrically  oppo- 
site six  of  the  lenses  on  the  inner  circle  and  are  exposed 
simultaneously  for  stereoscopic  pictures.  The  limiting  shutter, 
which  limits  the  exposure  to  one  revolution  of  the  high-speed 
shutter,  is  shown  mounted  in  front  of  the  lenses.  This  shutter 
is  driven  by  a  spiral  spring  mounted  on  the  shaft  bearing, 
the  speed  depending  on  the  tightness  to  which  this  spring  is 
wound.  The  trip  magnet  at  the  upper  left  corner  releases  the 
limiting  shutter  through  an  escapement,  which  permits  one- 
eighth  revolution  for  each  action  of  the  magnet.  The  limiting 
shutter  is  provided  with  an  anti-bouncing  device  which  prevents 
it  from  bouncing  open  after  closing.  It  can  also  be  held  open 
permanently  when  the  camera  is  used  to  take  quick  transient 
arcs.  The  camera  is  provided  with  a  ground  glass  and 
is  focused  by  right  and  left  hand  threads  in  the  four  corner 
posts,  which  are  actuated  by  sprockets  driven  by  a  chain  sur- 
rounding the  case.  An  iris  diaphragm  plate  is  adjusted  by  the 
slide  at  the  bottom  of  the  limiting  shutter  to  give  apertures 
of  f:l6,  f:32  and  f  164  (most  work  being  done  at  f:64).  The 
camera  back  takes  a  regular  8  by  10  inch  double  plate  holder. 


tioii  picture  work.  At  a  shutter  speed  of  ten  thousand 
revolutions  per  minute  this  camera  will  take  sixteen 
successive  exposures  (six  of  which  have  stereoscopic 
mates)  in  six  thousandths  of  a  second  (0.006  sec). 
This  is  at  the  rate  of  over  twenty-six  hundred  ex- 
posures  per   second.     The   rate   at   which   any   set   of 


FIG.    3 — PRIXCirAL    PARTS    OF    THE    HIGH-SPEED    CAMERA 
DISASSEMBLED 

At  the  left  is  shown  the  high-speed  shutter  with  a  radial 
slot  for  successive  exposures  and  a  circular  slot  for  the  stereo- 
scopic mates.  The  baffles  which  prevent  over-lapping  of  ad- 
jacent pictures  are  shown  mounted  in  the  front  half  of  the 
camera.  At  the  right  is  shown  the  interior  of  the  front  half 
of  the  camera  with  the  high-speed  shutter  removed  to  show 
the  iris  diaphragm  plate  mounted  just  back  of  the  lenses. 

pictures  is  taken  can  be  very  accurately  obtained  by 
multiplying  the  number  of  revolutions  per  second,  of 
the  high  speed  polar  shutter,  by  the  number  of  succes- 
sive lenses.  With  this  camera  a  calibrated  tachometer 
IS  used  which  indicates  the  revolutions  per  minute  of 
the  shutter.  Thus  at  7  500  r.p.m.  of  the  shutter,  the 
rate  of  exposure  is:  (7500/60)  16  =  2000  exposures 
per  second. 

The  particular  arrangement  of  this  polar  shutter 
makes  it  possible  to  get  clear  cut  e.xposures.  As  the 
width  of  the  slot  in  the  shutter  is  much  less  than  the 
circular  arc  between  adjacent  lenses,  and  as  the  width 
of  the  slot  is  much  greater  than  the  diameter  of  the  lens 


KIG.   4 — EXPOSURES    10    AND    lOS    OF    FIG.    5,    MOUNTED    STEREOSCOPIC  ALLY 

As  these  views  are  mounted  with  the  original  axis  in  line,  the  bearing  pedestal  appears  somewhat  tilted.  Much  of  the 
fine  detail  in  the  original  photograph  is  lost  in  the  reproduction,  but  the  mates  serve  to  give  an  idea  of  the  "life"  that 
appears  in  the  stereoscopic  view.  Figs.  3  and  5  are  printed  back  to  back  so  that  they  may  be  cut  out  together  for  viewing 
in  a  stereoscope.  They  can  be  seen  stereoscopically  without  a  stereoscope,  by  interchanging  the  pictures  (right  and  left)  and 
converging  the  lines  of  vision  of  the  eyes,  (looking  crosseyed)  at  a  point  about  half  way  to  the  pictures,  and  focussing  the 
eyes  on  the  pictures  to  get  sharp  vision. 
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iris,  the  actual  time  from  the  very  beginning  of  one 
exposure  to  the  veiy  end  of  that  exposure  is  much  less 
than  the  time  from  one  exposure  tc  the  next. 

The  focusing  of  the  twenty-two  lenses  (which, 
with  the  small  aperture  used,  are  sufficiently  well 
matched)  is  accomplished  by  a  right  and  left  hand 
screw  motion  into  foin-  sets  of  posts,  near  the  horizon- 
tal edges  of  the  camera  case.  The  screws  are  actuated 
simultaneously,  by  four  sprockets  meshing  with  a 
single,  encircling  chain. 

Another  disc  is  fitted  with  several  diaphragms  for 


for  the  arc  to  be  extinguished.  A  universal  type  driv- 
ing motor  is  used,  suitable  for  operation  on  either 
direct  or  alternating  current.  Where  direct-  current  is 
available  it  is  connected  as  a  shunt  motor  with  its  arma- 
ture across  a  potentiometer,  so  as  to  give  a  great  range 
of  shutter  speed.  Should  the  speed  of  the  shutter  be 
too  great,  an  overlapping  of  pictures  would  ensue;  and, 
on  the  other  hand,  too  slow  a  shutter  speed  would 
simply  fail  to  give  the  full  number  of  pictures. 

This  procedure  is  also  applicable  to  flash-overs  on 
generators  and  rotary  converters,  when  the  flash  lasts 


FIG.    5 — MODERATE    SPEED,    POLAR    PHOTOGRAPH    OF    A    FLASH    ON    THE  COMMUTATOR  OF  A   ROTARY   CONVERTER 

These  pictures  (taken  at  the  rate  of  560  exposures  per  second)  show  only  the  first  quarter  of  the  flashing,  as  the 
exposure  was  cut  short  by  the  limiting  shutter  after  one  revolution  of  the  high-speed  shutter.  Although  this  is  only  a 
moderate  speed  photograph,  in  the  original  print  exposures  8,  9  and  10  show  clearly  the  hexagonal  nuts  on  the  rapidly  re- 
volving commutator.  These  individual  pictures  are  sufficiently  sharp  to  stand  enlarging  to  four  or  five  diameters  without 
loss  of  detail.     The  building  up  of  the  arc  is  clearly  shown  in  the  successive  pictures. 

each  lens.  This  enables  them  to  be  stopped  down  to  for  but  a  short  period  of  lime.  The  simplicity  of  op- 
the  desired  aperture,  simultaneously.  The  controlling  eration  is  apparent  from  the  fact  that  every  picture  of 
knob,  and   its  light  tight  joint,   can  be   seen  near  the     transient  phenomena  has  come  out  successfully. 


lower  edge  of  the  front  face. 

The  operation  is  very  simple  for  transient  arc 
phenomena,  such  as  the  magnetic  blowout  of  the  elec- 
tric arc  established  by  the  opening  of  a  switch  or  cir- 
cuit-breaker.    It   is   only   necessary   to   drive  the   high 


For  recurrent  arcing,  such  as  in  arc  welding;  or 
for  persistent  flashing  on  commutators,  etc.,  it  becomes 
necessary  to  use  an  extra  shutter  which  will  limit  the 
exposure  to  one  revolution  of  the  high  speed  shutter. 
It  is  impracticable  to  start  the  high  speed  shutter  from 


speed,  polar  shutter  at  such  a  speed  that  it  will  make      rest  and  have  it  pass  its  slot  by  the  set  of  lenses  and 
one  revolution  in  but  slightly  greater  time  than  it  takes     then  come  to  a  stand-still,  nil  in  the  short  space  of  time 
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required.  While  the  high-speed  shutter  (located  with- 
in the  camera  case)  is  making  cne  revolution  at  .1 
strictly  imiform  speed,  the  limiting  shutter  passes  its 
slots  by  the  twenty-two  lenses  at  an  accelerated  speed 
and  comes  to  a  stand-still  after  traveling  only  one- 
eighth  of  a  revolution.  This  limiting  shutter  is  driven 
by  a  spiral  spring  which  may  be  wound  up  more  or 
less  according  to  the  total  length  of  exposure  desired. 

If  it  be  desired  to  take  pictures  showing  the  start  of 
a  flash  over  on  a  rotary  converter,  for  example,  it  is 
only  necessary  to  have  the  high-speed  shutter  revol- 
ving at  a  rate  which  will  make  on";  revolution  between 
the  time  the  overload  is  thrown  on  the  converter  and  the 
time  the  limiting  shutter  closes  the  whole  set  of  len.ses. 
The  limiting  shutter  is  electro-magnetically  tripped  at 
the  same  time  the  switch  throws  on  the  overload  or 
short-circuit.  When  using  the  limiting  shutter  for  the 
first  time,  it  was  necessary  to  take  but  one  trial  ex- 
posure before  good  results  were  obtained. 

Before  baiifles  were  provided  some  of  the  expos- 
ures were  impaired  by  stray  light  from  an  adjacent 
lens.  These  baffles  consist  of  twenty-two  tubes  placed 
in  the  camera  box  between  the  lenses  and  the  plate. 
These  tubes  could  not  extend  all  the  way  to  the  plate, 
for  when  arcs  are  photographed  near  the  camera  the 
center  distances  between  pictures,  are  greater  than  when 
photographing  a  distant  arc. 

Each  of  the  twenty-two  pictures  is  about  one  and 
three-quarters  inches  in  diameter.  By  adding  enlarg- 
ing spectacle  lenses  to  a  standard  stereoscope  the  small 
pictures  appear  as  large  as  standard  stereoscopic  views. 


For  use  in  such  a  stereoscope,  the  mates  should  be  cut 
out  from  the  8  by  10  inch  print  and  interchanged  (left 
for  right,  and  right  for  left)  and  mounted  with  their 
original  common  center  line  still  in  line. 

The  stereoscopic  effect  increases  the  value  of  arc 
photographs  greatly,  as  it  shows  plainly  the  third 
dimension.  In  some  cases,  for  instance,  a  single 
picture  seemed  to  show  a  somewhat  flattened  crescent 
arc,  while  the  stereoscopic  views  showed  two  crescent 
arcs  in  different  planes.  The  stereoscopic  view  shows 
very  plainly  when  the  arc  bends  towards  or  away  from 
the  camera.  Another  case  of  the  value  of  the  stereos- 
copic view  was  demonstrated  in  a  picture  of  a  flash- 
over  on  a  rotary  converter  when  the  single  exposure 
seemed  to  indicate  that  an  arc  struck  to  the  end  frame, 
while  the  stereoscopic  view  showed  that  the  arc  actually 
was  several  feet  beyond  the  end  frame  and  was  coming 
from  a  brushholder  supporting  bolt. 

To  the  engineer  in  charge  of  the  apparatus  being 
photographed  some  of  the  most  valuable  pictures  are 
the  least  spectacular.  Also  some  of  the  most  spectacu- 
lar pictures  are  of  the  least  value  to  the  engineer.  The 
value  of  most  pictures  is  increased  when  an  oscillo- 
graph record,  of  current  and  voltage,  is  made  simul- 
taneously. By  a  convenient  arrangement  the  pressure 
of  a  single  button  operates  the  mechanism  being  studied, 
the  oscillograph,  and  the  high-speed  camera,  so  as  to 
give  simultaneous  records.  For  safety  in  extreme 
cases,  this  button  can  be  located  outside  of  the  build- 
ing in  which  a  dangerous  lest  is  being  made. 


Axiomatic  Vmk\  Button  Ek 


H.  L.  Keith 


PUSH  button  control  is  used  where  operation  is 
rather  infrequent,  so  that  it  is  practical  to  dis- 
pense with  the  services  of  an  operator.  This 
is  very  desirable  in  many  instances,  and  the  saving  in 
operators'  wages  will  soon  more  than  make  up  the 
difference  in  the  first  cost.  Elevators  in  hospitals, 
clubs,  apartment  houses  and  private  residences  are  typi- 
cal examples.  Where  traffic  is  heavy  and  continuou.?, 
as  in  offices  and  stores,  push  button  control  should  not 
be  attempted,  since  efficient  service  and  proper  schedule 
cannot  then  be  maintained  without  an  attendant. 

This  equipment  is  arranged  with  a  push  button  at 
each  floor  or  landing  to  be  pressed  by  the  passenger  to 
call  the  car,  as  is  customary  in  any  elevator  installa- 
tion. If  the  car  is  not  in  use,  it  will  promptly  respond 
to  the  call.  When  the  car  arrives  at  the  landing,  the 
waiting  passenger  immediately  opens  the  door,  enters 
the  car  and  closes  the  door.  Inside  the  car  is  a  push 
button  box  containing  as  many  buttons  as  there  are 
floors,  with  each  button  marked  to  correspond.  When 
the  proper  button  is  pressed,  the  car  moves  to  the  de- 
sired floor  and  stops  without  attention  from  the  pas- 
senger.    The  door  should  be  immediately  opened,  and 


after  the  passenger  leaves  the  car  the  door  should  be 
closed  again,  unless  it  is  of  the  self-closing  type.  The 
controller  for  such  elevators  is  simple  and  substantial 
in  construction  and  very  reliable. 

The  elevator  motor,  control  panel  and  drum  hoist- 
ing machine  are  essentially  the  same  as  used  with  ele- 
vators requiring  an  operator,  except  that  the  master 
controller  or  car  switch  is  replaced  by  a  gang  button 
box,  and  the  geared  limit  switch  on  the  winding  drum 
is  replaced  by  a  floor  stop  device  or  selector,  geared  to 
the  drum  shaft.  The  control  panel  consists  of  a  slate 
base  on  which  are  mounted  the  necessary  magnetic 
contactors  for  reversing  the  motor,  energizing  the  brake 
and  field  magnets  and  accelerating  the  elevator  smoothly 
and  safely. 

The  floor  stop  device,  Fig.  3,  consists  of  a  substan- 
tial iron  wheel  with  a  copper  rim  or  tire.  The  wheel 
is  revolved  on  a  steel  shaft  supported  by  an  iron  mount- 
ing bracket.  The  mounting  bracket  also  supports  a 
number  of  relays  or  magnetic  contactors,  one  for  each 
floor,  each  relay  coil  connecting  with  the  operating  push 
buttons  in  the  car  and  at  the  various  floors.  An 
emergency   stop   magnet   is   arranged   so   that   it   nor- 
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mally  holds  the  floor  relays  mechanically  inoperative. 
This  magnet  is  controlled  by  the  stop  button  in  the  car, 
by  the  hatchway  limit  and  slack  cable  switches  and  by 
a  mechanically  operated  cam  on  the  floor  stop  wheel, 


FlC.    I — ALTERNATING-CURRENT    EQUII'MKM 
ELEVATOR 


AUTOMATIC 


which   revolves  simultaneously  with  the  movement  of 
the  elevator  car. 

The  operation  of  such  a  system  is  quite  simple. 
When  a  button  is  pushed,  it  energizes  a  floor  re- 
lay and  the  emergency  magnet  on  the  floor  stop 
device.  The  relay  makes  contact  on  the  rim  of  the 
wheel  for  the  line  contactor  and  the  proper  direction 


7 

FIG.    3 — FLOOR    STOP   DEVICE 

/ — Gear.  2 — Contact  Wheel.  3 — Contacts,  one  for  each 
direction.  4 — Floor  relays  to  complete  the  circuit  to  the  con- 
troller. One  relay  is  required  for  each  floor.  5 — Cam  which 
resets  relay  to  stop  the  elevator.  6 — Mounting  frame.  8 — 
Protecting  cover  with  cleats  to  support  the  wiring.  9 — Emer- 
gency stop  magnet. 

contactor  on  the  control  board.  The  closing  of  these 
contactors  prevents  the  operation  of  any  other  floor 
relays.     The  car  then  proceeds  toward  the  desired  land- 


ing. Should  it  happen  that  t\v(3  or  more  buttons  were 
operated  at  the  same  instant,  the  car  would  respond 
to  the  call  of  one  and  the  emergency  magnet  would  auto- 
matically reset  all  other  floor  relays.     The  cam  on  the 
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floor  stop,  5  Fig.  3,  resets  the  floor  relay,  opening  the 
control  circuit  to  the  main  and  reversing  contactors  at 
the  proper  time,  as  the  car  approaches  the  floor.  The 
emergency  magnet  is  de-energized  by  the  opening  of 
the  reversing  contactors.  This  magnet  may  be  de- 
energized  at  any  time  by  pushing  the  stop  button  in  the 
4  S 


FIG.    4 — DIRECT-CURRENT    CONTROL    PANEL 

/ — Mechanically  interlocked  directional  contactors.  2 — 
Line  contactor,  j — Accelerating  contactor.  .; — Contacts  are 
interchangeable.  5 — A  non-interference  device  to  prevent  the 
car  from  being  "stolen".  6 — A  flexible  shunt  relieves  all  bear- 
ings from  carrying  current.  7 — Time  element  dashpot.  8 — 
Adjustment  for  time  of  acceleration  is  easily  made.  9 — Start- 
ing resistor. 

car,  thereby  re-setting  any  floor  lelay.  The  floor  re- 
lays are  reset  mechanically  when  the  emergency  mag- 
net is  de-energized  and  they  can  be  operated  again  to 
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start  the  car  only  upon  proper  release  of  the  emergency 
magnet.  The  passenger  therefore  has  complete  con- 
trol over  the  movement  of  the  car  through  the  push 
button  station. 

In  setting  up  the  floor  stop  device,  the  position  of 
the  cam  must  correspond  to  that  of  the  elevator  car 
with  respect  to  any  landing  and  the  floor  relays  4  are 
moved  along  their  mounting  bracket  to  correspond  w\t.h 
the  distances  between  the  various  landings.  The  top 
and  bottom  relays  should  be  as  far  apart  as  practical 
and  the  intermediate  relays  to  suit.  To  accomplish  th's 
a  pinion  having  a  suitable  number  of  teeth  must  be 
chosen.  The  wheel  has  teeth  in  the  entire  periphery 
so  that  the  pinion  may  be  located  as  most  convenient. 
If  the  gear  ratio  is  such  that  the  movement  of  the  cam 
is  very  slow,  it  will  be  necessary  to  have  the  cam 
brought  to  a  fairly  sharp  point,  so  that  the  car  will 
stop  correctly,  up  or  down.  The  speed  of  the  car  and 
the  speed  with  which  the  brake  sets  in  stopping  the  car 
will    determine    how    broad    the    cam    must    be.     The 


FIG.    5 — COMBINATION    DOOR    LOCK    AND    SWITCH 

I — Handle  for  opening  door.  2 — Latch  on  door.  3 — 
Catch.  .^—Safety  lock.  5— Stop  pin  for  safety  lock.  6— Con- 
tacts, closed  only  when  door  is  locked,  7 — Lever  which  permits 
lifting  of  safety  lock  when  car  cam  is  in  position  to  prevent  it 
from  swinging  toward  the  car.  This  lever  does  not  engage 
with  the  cam  except  in  the  act  of  unlatching  the  door.  5— 
Cam  on  car.  When  car  is  at  a  floor,  the  cam  is  in  position 
to  allow  the  door  to  be  opened. 

farther  apart  the  relays  can  be  set,  the  more  accurately 
the  stops  will  be  accomplished.  The  cam  is  made  in 
two  pieces,  slotted  so  that  they  can  be  moved  inde- 
pendently (one  for  up  and  one  for  dozvn). 

A  non-interference  interlock  is  arranged  to  open 
the  circuit  to  the  floor  relays  after  any  button  is  pushed, 
making  it  impossible  for  anyone  to  interfere  with  a 
car  which  has  responded  to  a  call  or  contains  passen- 
gers. The  non-interference  interlock  is  controlled  by 
a  dashpot  which  has  a  definite  time  limit  (adjustable), 
usually  set  for  about  five  seconds,  so  that  after  the 
car  is  stopped  at  any  floor  it  cannot  immediately  be 
started  again,  thereby  allowing  pasengers  sufficient  time 
to  open  the  door,  but  not  permitting  the  passengers  to 
hold  the  car  for  an  unreasonable  period,  unless  the  door 


is  held  open  or  the  stop  button  held  pressed.  If  a 
waiting  passenger  pushes  a  floor-button  while  the  car 
is  in  use,  it  is  necessary  for  him  to  push  it  again  after 
the  car  is  left  unoccupied. 

The  construction  of  the  push  buttons  is  worthy 
of  note.  A  substantial  graphite  disc  with  a  hole 
through  the  center  rides  on  a  steel  shaft,  the  button 
and  compression  spring  also  riding  on  the  shaft.  The 
stationary  contacts  are  two  graphite  buttons  mounted 
on  an  insulating  base.  The  whole  is  enclosed  in  a  metal 
case  with  an  ornamental  cover.  The  removal  of  two 
screws  from  the  cover  releases  the  parts  for  inspec- 
tion. Each  button  in  the  car  is  a  unit  with  a  separate 
removable  cover.  Graphite  contacts  require  no  clean- 
ing or  attention  until  worn  out,  and  will  carry  the  con- 
trol circuit  current  with  lighter  contact  pressure  than  is 
the  case  with  metal  contacts,  which  soon  become  cor- 
roded and  dirty.  Therefore  no  undue  effort  is  required 
to  operate  the  buttons. 

One  of  the  most  important  features  of  automatic 
elevator  control  is  embodied  in  the  door  contacts,  which 
prevent  the  operation  of  the  elevator  while  any  door 
is  open.  If  these  contacts  were  independent  of  the 
lock  or  latch,  the  door  might  close  without  latching 
closing  the  switch  and  allowing  the  car  to  be  started, 
after  which  the  door  might  open,  due  to  vibration  or 
accident,  and  the  car  be  stalled  between  floors.  This 
has  often  been  a  great  source  of  trouble  and  annoy- 
ance. Fig.  5  illustrates  a  door  contact  which  is  com- 
bined with  the  door  locking  mechanism.  The  butt- 
contact  members  6  are  of  graphite,  identical  with  the 
stationary  push  button  contacts.  One  of  these  is  at- 
tached to  the  moving  element  and  the  shock  of  closing 
the  contacts  is  absorbed  in  a  compression  spring. 
Proper  pressure  is  maintained  between  contacts  with- 
out injury,  no  matter  how  hard  the  door  is  slammed; 
in  fact  the  motion  of  the  door  is  not  transmitted  to  the 
contact  members.  They  are  closed  independently  by 
the  latch  and  safety  lock,  2  and  4.  The  contacts  carry 
the  control  circuit  from  the  push  buttons.  No  current 
is  broken  and  there  is  no  burning  or  arcing  at  the  con- 
tacts when  the  door  is  opened.  The  combination  door 
lock  and  switch  is  so  arranged  that  the  switch  contacts 
are  open  and  the  elevator  is  inoperative  unless  the  door 
is  latched.  Not  until  the  door  latch  has  fallen  into 
place,  thereby  closing  the  door  switch,  can  the  elevator 
be  started.  Closing  the  door  fully,  without  latching 
it,  will ,  not  close  the  switch ;  however,  the  door  will 
automatically  latch  when  closed  unless  there  is  some 
obstruction.  No  door  can  be  opened  unless  the  car  is 
at  that  floor.  A  cam  or  shoe  of  the  car  engages  with 
lever  7  when  the  handle  /  is  operated  to  open  the  door. 
The  lever  7  is  moved  against  the  cam  in  opening  the 
door,  but  at  other  times  does  not  touch  the  cam,  so  that 
there  is  no  striking  as  the  car  passes  the  floors,  unless 
the  handle  is  pulled  over  as  the  car  is  passing  the  floor. 
In  some  cases  it  is  advisable  to  provide  a  magnet-op- 
erated cam  so  that  the  cam  is  held  away  from  contact 
with  the  lever  7  unless  the  car  is  ai  the  landing. 
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SPEED  OF  ELECTRIC  PROPAGATION 


ASTRONOMERS  and  investigators  by  various 
methods  of  determination  have  arrived  at 
slightly  different  values  for  the  speed  of  light. 
The  Smithsonian  Physical  Tables  give  i86  347  miles  per 
second  as  a  close  average  estimate.  In  electrical  engi- 
neering, the  speed  of  light  is  usually  stated  as  approxi- 
mately 3  X  io^°  centimeters  per  second.  This  is  the 
equivalent  of  186  451  miles  per  second.  The  speed  of 
electrical  propogation  (assuming  zero  losses)  is  the 
same  as  that  of  light. 

ELECTRIC  WAVE  LENGTH 

Suppose  a  frequency  of  60  cycles  per  second  is  im- 
pressed upon  a  circuit  of  infinite  length.  At  the  end 
of  one  sixtieth  of  a  second  the  first  impulse  (neglecting 
retardation  due  to  losses)  will  have  traversed  a  distance 
of  186  347  -=-  60  or  3106  miles.  A  section  of  such  a  cir- 
cuit 3106  miles  long  would  be  designated  as  having  a 
full  wave  length  for  a  frequency  of  60  cycles  per 
second. 

In  Fig.  14,  the  dotted  line  or  one  cycle  wave  is 
shown  as  extending  over  a  circuit  3106  miles  long.  In 
this  case,  when  the  first  part  of  the  wave  arrives  at  a 
point  3106  miles  distant,  the  end  of  the  same  wave  is 
at  the  beginning  of  the  circuit.  For  each  half  wave 
length  the  current  is  of  equal  value  but  flowing  in  op- 
posite directions  in  the  conductor.  Such  a  circuit  is 
designated  as  of  full  wave  length.  Since  the  velocity  of 
the  electric  propagation  is  slightly  less  than  that  of  light, 
being  slightly  retarded  due  to  resistance  and  leakage 
losses,  the  actual  wave  length  will  be  slightly  less  than 
3106  miles.  Thus  for  a  300  mile,  60  cycle,  three-phase 
circuit  consisting  of  No.  000  copper  conductors  having 
10  ft.  flat  spacing,  the  wave  length  is  calculated  to  be 
2959  miles.  The  wave  length  of  such  a  circuit  is  in- 
dicated by  the  heavy  line  on  the  accompanying  sketch. 
In  the  case  of  this  particular  circuit  the  electric  field  has 
been  retarded  approximately  five  percent,  due  to  the 
losses  of  the  circuit,  as  indicated  by  the  displacement  of 
the  dotted  and  full  line  curves. 

QUARTER  WAVE  RESONANCE 

If  the  end  of  a  long  trough  filled  with  water  is 
struck  by  a  hammer,  the  impact  will  cause  a  wave  in  the 
water  to  start  in  front  of  the  point  of  impact  and  travel 
to  the  far  end  of  the  tank.  When  this  wave  reaches  the 
far  end  of  the  tank  it  will  be  reflected,  traveling  back 
toward  the  point  of  origin,  but  on  account  of  resistance 
encountered  it  will  be  of  diminishing  height  or  ampli- 
tude. If,  at  the  instant  it  gets  back  to  the  point  of  origin, 
the  end  of  the  tank  is  again  struck  by  the  hammer,  the 


resulting  impulse  will  be  that  due  to  the  second  hammer 
blow  plus  that  remaining  from  the  first  blow.  The  re- 
sult will  be  that  the  second  wave  from  the  near  end  of 
the  tank  will  be  of  greater  amplitude  than  the  first  wave. 
If  when  the  second  wave  arrives  back  at  the  near  end, 
the  end  of  the  tank  is  struck  again  with  the  hammer  the 
resulting  third  impulse  will  be  of  greater  amplitude  than 
the  second  impulse.  If  at  the  instant  of  the  return  of 
each  succeeding  impulse  the  end  of  the  tank  is  struck, 
the  result  will  be  cumulative  and  each  succeeding  wave 
will  be  of  greater  magnitude  than  the  one  preceeding 
until  the  point  is  reached  where  the  losses  due  to  resist- 
ance become  sufficient  to  prevent  a  further  increase  in 
amplitude  of  the  wave. 

Under  certain  conditions  a  similar  phenomen  many 
occur  in  electric  circuits  and  this  is  known  as  "quarter 
wave  resonance".     If  an  electric  impulse*  is  sent  into  a 


FIG.    14 — WAVE   LENGTH    OF   6o  CYCLE  CIRCUIT 

conductor,  such  as  a  transmission  circuit,  this  impulse 
travels  along  the  conductor  at  the  velocity  of  light.  If 
the  circuit  is  open  at  the  other  end,  the  impulse  is  there 
reflected  and  returns  at  the  same  velocity.  If  at  the 
moment  when  the  impulse  arrives  at  the  starting  point 
a  second  impulse  is  sent  into  the  circuit,  the  returned 
first  impulse  adds  itself  to,  and  so  increases  the  second 
impulse ;  the  return  of  this  second  impulse  adds  itself  to 
the  third  impulse,  and  so  on ;  that  is,  if  alternating  im- 
pulses succeed  each  other  at  intervals  equal  to  the  time 
required  by  an  impulse  to  travel  over  the  circuit  and 
back,  the  effects  of  successive  impulses  add  themselves, 
and  large  currents  and  high  e.m.f.'s  may  be  produced 
by  small  impulses.  This  condition  is  known  as  quarter 
wave  electric  resonance.  To  produce  this  condition,  it 
is  necessary  that  the  alternating  impulses  occur  at  time 
intervals  equal  to  the  time  required  for  the  impulses  to 
travel  the  length  of  the  line  and  back.  For  example, 
the  time  of  one  half  wave  or  cycle  of  impressed  e.m.f. 


*For  a  complete  study  of  this  subject  see  "Transient  Electric 
Phenomena  and  Oscillations"  by  C.  P.  Steinmetz,  from  which 
the  above  description  of  quarter  wave  resonance  has  largely 
been  taken. 
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is  the  time  required  by  light  to  travel  twice  the  length 
of  the  line,  or  the  time  of  one  complete  cycle  is  the  time 
light  requires  to  travel  four  times  the  length  of  the  line. 
Stated  another  way,  the  number  of  cycles  or  frequency 
of  the  impressed  alternating  e.m.f.'s  in  resonance  condi- 
tion, is  the  velocity  of  light  divided  by  four  times  the 
length  of  the  line;  or  to  have  free  oscillation  or  reson- 
ance condition,  the  length  of  the  line  is  one  quarter 
wave  length  of  light.  The  cycles  at  which  this  condi- 
tion is  reached  (if  there  were  no  losses  present)  would 
be  determined  as  follows : — 
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RESONANCE  LENGTHS  OF  CIRCUITS 

Commercial  frequencies  are  so  low  that  to  reach  a 
quarter  wave  resonance  condition  with  them  the  circuit 
would  have  to  be  of  great  length.  The  following  values, 
for  the  sake  of  simplicity,  are  based  upon  the  assump- 
tion that  there  are  no  losses  in  the  circuit. 

Fundamental  Frequency       Resonance  Length  Wave  Length 

15  cycles   3106  miles  12434  miles 

25  cycles  1863  miles  7452  miles 

40  cycles   1x65  miles  46bo  miles 

60  cycles  776  miles  3106  miles 

The  above  lengths  are  based  upon  the  impressed  or 
fundamental  frequencies.  If  these  impressed  fre- 
quencies contain  appreciable  higher  harmonics,  some  of 
the  latter  may  approach  resonance  frequency  and,  if  of 
sufficient  magnitude,  may  cause  trouble.  Thus  the 
length  of  circuit  corresponding  to  resonance  conditions 
of  various  harmonics  of  the  fundamental  is  given  below. 


Cycles 

Harmonics                                  | 

3rd.             1             5th. 

7th. 

15 
25 
40 
60 

1035  miles 
621  miles 
388  miles 
258  miles 

631  miles 
372  miles 
233  miles 
155  miles 

444  miles 
266  miles 
166  miles 
III  miles 

Thus  an  impressed  frequency  of  60  cycles  will  not 
produce  quarter  wave  electric  resonance  unless  the  cir- 
cuit be  approximately  776  miles  long.  If  a  third  har- 
monic, however,  is  present  in  the  impressed  wave,  this 
harmonic  will  develop  quarter  wave  resonance  in  a  cir- 
cuit approximately  258  miles  long,  a  5th  harmonic  in  a 
circuit  approximately  155  miles  long,  and  a  7th  har- 
monic in  a  circuit  approximately  iii  miles  long. 

The  above  values  are  based  upon  no  losses  being 
encountered  in  transmission.  Obviously  this  is  an  in- 
correct assumption,  as  electric  propagation  is  always 
accompanied  by  more  or  less  loss,  depending  upon  the 
fundamental  constants  (resistance  and  leakage)  of  the 
circuit.  The  effect  of  such  losses  is  to  retard  the  ve- 
locity of  the  electric  propagation,  usually  by  an  amount 
of  five  to  ten  percent  below  that  of  light.  The  above 
values  of  circuit  lengths  representing  a  condition  for  re- 
sonance may  therefore  be  as  much  as  ten  percent  above 
the  actual  lengths. 

An  investigation  of  the  effects  of  higher  harmonics 


of  the  impressed  wave  is  of  importance  in  connection 
with  very  long  distance  transmission  systems. 

PARALLELING  TRANSMISSION  CIRCUITS 

Transmission  lines  are  frequently  constructed  with 
duplicate  circuits  which  are  normally  operated  in  paral- 
lel. In  other  cases  two  circuits  may  lead  from  the  gen- 
erating station  in  divergent  directions  and  at  some  dis- 
tant point  come  together  and  be  connected  in  parallel. 

If  the  two  circuits  are  fed  from  different  genera- 
tors, or  sources  of  supply,  the  only  condition  necessary 
for  paralleling  the  circuits  is  that  the  phase  rotation  of 
the  two  circuits  be  the  same  and  that  the  regulation  in 
speed  of  the  prime  movers  of  the  generators  feeding 
the  two  systems  can  be  adjusted  so  as  to  bring  the 
phases  of  the  two  circuits  together  for  paralleling. 

If,  however,  the  two  circuits  which  are  to  be  con- 
nected in  parallel  are  fed  from  the  same  source  of  sup- 
ply, the  case  may  become  involved.  There  will  be  no 
trouble  in  obtaining  the  correct  phase  rotation,  for 
should  the  circuits  not  rotate  alike,  it  is  only  necessary 
to  transpose  any  two  of  the  connections  of  either  of  the 
circuits  (assuming  that  the  circuits  are  three-phase). 
The  other  condition  to  be  met  is  that  the  phases  of  both 
circuits  to  be  paralleled  are  the  same,  i.  e.,  the  volt- 
ages in  the  phases  to  be  paralleled  must  pass  through 
their  zero  and  maximum  values  at  the  same  instant. 

If  neither  circuit  has  transformers  between  the 
points  where  they  are  to  be  connected  in  parallel,  their 
phases  will  coincide  and  there  will  be  no  trouble  about 
connecting  them  in  parallel.  If  one  circuit  has  no 
transformers  and  the  other  has  transformers,  the  phase 
relations  of  the  two  circuits  will  depend  upon  the  kind 
of  transformer  connections  employed.  Suppose  it  is 
assumed  that  the  raising  transformers  are  connected 
delta  to  star  and  the  lowering  transformers  are  con- 
nected delta  to  delta.  With  these  connections  the 
phases  of  the  two  circuits  will  be  30  electrical  degrees 
apart  and  it  will  be  impossible  to  parallel  the  circuits. 
In  other  words  one  delta-star  or  star-delta  transformer 
connection  produces  a  phase  displacement  of  30  degrees. 
It  will  be  obvious  that  a  second  delta-star  or  star-delta 
connection  will  restore  the  original  phase  relation.  A 
delta-delta  connection  or  a  star-star  connection  does 
not  affect  the  phase  relations.  If  both  circuits  have  an 
even  number  of  star  and  even  number  of  delta  wind- 
ings, the  equivalent  resultant  will  be  the  same  as  if  all 
the  connections  were  either  delta-delta  or  star-star; 
hence,  there  will  be  no  resultant  change  in  phase  rela- 
tions and  the  two  circuits  can  be  paralleled  with  each 
other  or  with  a  circuit  having  no  transformations.  If, 
however,  both  circuits  have  an  odd  number  of  delta  and 
an  odd  number  of  star  windings,  any  attempt  to  re- 
solve them  into  the  equivalent  number  of  delta-delta 
and  star-star  connections  will  leave  one  star  and  one 
delta ;  the  effect  is  the  same  as  if  there  was  one  star- 
delta  connection  in  the  circuits.  This  will  twist  the 
phase  relations  of  the  terminals  30  degrees  out  of  phase 
from  the  generators.     Since  both  circuits  will  have  an 
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equivalent  phase  displacement,  they  can  be  paralleled 
with  one  another,  but  since  both  are  30  degrees  out  of 
phase  with  the  generators,  they  cannot  be  paralleled 
with  a  line  having  no  transformations;  nor  with  a  line 
having  an  even  number  of  star  and  delta  connections. 

When  the  phase  angles  of  the  two  transmission  cir- 
cuits (receiving  their  power  from  a  common  source)  are 
known  to  be  such  as  to  permit  of  parallel  operation  it 
is  then  necessary  to  phase  them  out  before  connecting 
the  circuits  together.  The  phase  rotation  can  be  checked 
most  readily  by  means  of  a  polyphase  motor  connected 
first  to  one  circuit  and  then  to  the  other,  being  careful 
to  connect  the  leads  in  the  same  order  in  each  case.  If 
the  motor  runs  in  the  same  direction  from  both  circuits, 
the  phase  rotation  of  the  circuits  will  be  the  same.  The 
phase  angle  can  be  readily  tested  by  means  of  a  single- 
phase  synchroscope*.  In  case  a  polyphase  motor  and 
synchroscope  are  not  available,  the  phasing  out  of  the 
circuits  may  be  accomplished  by  the  use  of  a  voltmeter 
and  transformer.**  As  an  illustration,  assume  that 
from  a  4400  volt  bus  in  a  generating  station  a  4400  volt 
transmission  circuit  extends  for  some  distance  from  the 
station.  A  second  transmission  circuit  fed  from  the 
same  bus  but  containing  both  raising  and  lowering 
transformers  is  to  be  paralleled  at  the  farther  end  with 
the  4400  volt  circuit  which  contains  no  transformers. 
The  phase  angles  of  the  lines  are  assumed  to  be  such 
as  to  permit  paralleling  the  two  circuits,  with  proper 
connections. 

One  of  the  transmission  circuits  is  connected  to 
one  side  of  the  paralleling  switch  as  in  Fig.  15  and  the 
other  circuit  to  the  other  side  of  the  same  switch.  The 
three  terminals  on  one  side  of  the  switch  may  be  tagged 
1-2-J.  Likewise  the  three  terminals  on  the  other  side 
of  the  switch  may  be  tagged  4-5-6.  Connect  any  two 
terminals  together  (i  and  4  in  this  case)  by  a  jumper. 
Take  voltage  readings  across  the  corresponding  ter- 
minals .?  to  5,  J  to  6,  and  j  to  5,  ^  to  6.  From  these 
voltage  readings  it  is  a  simple  matter  to  indicate  by  a 
vector  diagram  the  relative  phase  relations  at  the  switch 
contacts  of  the  two  circuits  to  be  paralleled.  In  the  case 
illustrated,  the  readings  indicate  that  the  relative  voltage 
relations  on  the  two  sides  of  the  paralleling  switches  are 
as  indicated  by  the  full  line  delta  1-2-3,  ^nd  the  broken 
line  delta  4-5-6.  It  will  be  seen  that  phase  J-j  will 
parallel  with  phase  4-5,  that  phase  1-2  will  parallel  with 
phase  6-5  and  phase  2-j  will  parallel  with  phase  4-6. 
In  order  to  bring  about  this  phase  relation  it  will  be  nec- 
essary to  change  the  transformer  connections  on  the 
low-tension  side  of  the  lowering  transformers,  inside 
of  the  delta.  That  is  the  6  end  of  the  transformer 
windings  5-6  will  be  connected  to  the  4  end  of  transfor- 


mer 4-5.  The  4  end  of  transformer  4-6  will  be 
connected  to  the  5  end  of  transformer,  5-6  and  the  6  end 
of  transformer  4-6  will  be  connected  to  the  5  end  of 
transformer  4-5.  These  changes  will  shift  the  position 
of  the  delta  4-5-6  so  that  it  will  coincide  with  delta 
1-2-J.  A  further  test  of  voltage  between  switch  term- 
inals .?  to  5  and  3  to  6  should  indicate  zero  voltage  across 
the  switch  terminals  to  be  connected  together,  in  which 
case  the  paralleling  switches  may  be  closed.  In  order  to 
measure  the  voltage  across  the  paralleling  switch  con- 
tacts it  will  usually  be  necessary  to  employ  a  potential 
transformer.  This  transformer  and  voltmeter  should  be 
capable  of  withstanding  1.73  times  the  voltage  of  the 
circuit  for,  with  the  connections  given  in  Fig.  15,  one 
reading  gave  7610  volts,  whereas  the  voltage  of  the  cir- 
cuit was  only  4400  volts. 

In  case  there  is  a  ground  on  both  systems,  the  plac- 
ing of  a  jumper  across  two  of  the  switch  contacts  would 
result  in  a  short-circuit.  This  jumper  should  not  be 
placed  across  the  switch  until  it  h.as  been  shown  by  con- 
necting a  transformer  across  these  two  contacts  that  no 
potential  exists  between  them. 

HEATING  OF  BARE  CONDUCTORS  IN  AIR 

If  the  circuit  is  long,  the  voltage  will  probably  be 
high   and   consequently  the   current   to  be  transmitted 


♦These  tests  are  described  in  an  article  on  "Phasing  Out 
High  Tension  Lines"  by  E.  C.  Stone  in  the  Journal  for  Nov. 
1917,  P-  448- 

**This  method  is  described  in  an  article  on  "Determination 
of  Polarity  of  Transformers  for  Parallel  Operation"  by  W. 
M.  McConahey,  in  the  Journal  for  July  1912,  p.  613.  See  also 
article  on  "Polarity  of  Transformers"  by  W.  M.  Dann  in  the 
Journal  for  July  1916,  p.  350. 


^    ®' 


!  TO  6-4400  VOLTS 
J  TO  6^4400  VOLTS 
I  TO  6-7610  VOLTS 
J  TO  5~2ERO  VOLTS 


FIG.    15 — TEST    FOR    PHASE    SEQUENCE 

small.  In  this  case,  the  heating  effect  of  the  current 
will  be  small  and  unimportant.  If,  however,  the  circuit 
is  short  and  an  unusually  large  amount  of  power  is  to  be 
transmitted,  the  current  will  be  large.  Since  the  PR 
loss  varies  as  the  square  of  the  current  and  directly  as 
the  resistance,  the  heat  generated,  if  the  current  is  large, 
may  be  sufficient  to  overheat  or  anneal  the  material  of 
the  conductors.  In  some  cases  of  unusually  large 
amounts  of  power  being  transmitted  short  distances,  the 
heating  effect  of  the  currents  resulting  may  be  sufficient 
to  limit  the  amount  of  power  that  can  be  transmitted 
at  a  given  voltage. 

Table  XXIII  should  be  consulted  in  cases  where 
the  circuit  is  short  and  the  amount  of  power  to  be  trans- 
mitted large.  In  this  table  are  columns  containing  cur- 
rent values  which  have  been  calculated  corresponding 
to  10,  25  and  40  degrees  C.  rise  in  temperature  for  vari- 
ous sizes  of  bare  copper  conductors  suspended  in  still 
air  at  a  temperature  of  25  degrees  C.  In  other  words 
these  current  values  are  based  upon  absolute  temper- 
atures of  35,  50  and  65  degrees  C.  The  current  values 
corresponding  to  a  temperature  rise  of  40  degrees  C. 
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TABLE  XXIII-HEATING  CAPACITY  FOR  40°  C.   RISE 

OF   BARE   COPPER   CONDUCTORS   SUSPENDED   OUT   OF   DOORS 
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STILL   AIR    FOR 
TEMPERATURE 
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TO  A    TEMPERATURE  RISE  OF  40"  C  IBASED  UPON   AMPERES  IN  COLUMN  MARKED 

a. 

>- 
1- 

d 

z 

CO 

CO 

AREA 

!N 

CIRCULAR 

MILS 

£2 

5Z 

"FOR  40°C  RISE   )  FOR  BARE  COPPER  CONDUCTORS  SUSPENDED  IN    STILL   AIR 
OUT  OF  DOORS. 

220 
VOLTS 

440 
VOLTS 

550 
VOLTS 

1100 
VOLTS 

2200 
VOLTS 

4000 
VOLTS 

4400 
VOLTS 

6000 
VOLTS 

6600 
VOLTS 

6900 
VOLTS 

FOR 
IO°C 
RISE 

FOR 
25°C 
RISE 

FOR 

40°  C 
RISE 

KV.A. 

KV.A 

K  V  A. 

K.V  A, 

KV.A 

K  V  A. 

KV  A. 

K  V  A 

K  V  A 

K  V  A 

Q 
UJ 
Q 

Z 
< 

1- 
w 

Zooo   ooo 
J  800 ooo 
1  700  ooo 

ASO-h 

214-0 
1980 
/  890 

3280 
3020 

29Za 

40  so 

3760 
3iOO 

/  540 
I430 
1370 

3  0  80 
2  860 
2  740 

3  830 
3  380 

3420 

7  700 
7/6-0 
6  850 

iS  400 
14  300 
13  700 

27  900 
26000 
24800 

JO  800 
2  8  600 
27400 

42  000 
39  100 
37400 

46200 
4  2  SOO 
40  000 

48  300 
44  800 
43000 

/ Soo  ooo 
/-foo  ooo 

1.4  IZ 

IfilO 
1  720 
/i35 

■IG40 

2520 

3f40 
3300 
31  00 

I  3IO 
I2SO 

II  80 

2  620 
2  SOO 
2360 

3  270 
3   I40 
2  9SO 

6  SSO 
6  280 

S900 

1  3  /  00 
1  2  560 
/  /   800 

23  goo 
22  800 

2/400 

26200 
23   .'2  0 
23  600 

33  800 

34  300 
33  200 

39  200 
37600 
33-iOC 

4/   000 
39  20D 
3  /  000 

J  zoo  ooo 
/  /oo  ooo 
/ ooo  ooo 

/.Zb3 
/.Z09 
I.ISZ 

I460 
/360 
1  Z70 

Z^30 
2  1  00 
/  9SO 

Z760 
2  580 
24  20 

/  OSO 
980 
920 

2  1  00 
I960 
1  840 

2  620 
2460 
2  300 

S2S0 
4920 
-?  600 

10  300 
9  840 
•?  200 

/  9  1  OO 

1 7  eoo 

1  6  700 

2  ;   000 

/  9  i^eo 

1  8400 

28  700 
26  800 
.'5  100 

3  1  SOO 
29400 

2^600 

33  000 
3  0  800 
2  8  800 

<fSO  ooo 
foo  ooo 
SSO  ooo 

/./23 
/.0?3 
lO&Z 

1  2IS 
117.5 
IIZO 

IS  70 
I800 
1  720 

2320 
2  220 
2/30 

8  SO 
840 
810 

/  76>0 
/6S0 
/  620 

2  200 
3110 
2030 

4  400 

^220 
4  OSO 

8  800 
8  440 
8  100 

/  6  000 
IS  300 
14   700 

1  7  iSOO 
/6  880 
/  6  200 

24  100 
23  000 
22/00 

2  6  400 
26  300 
2  4  300 

27  700 
2  6  500 
2  6  400 

■soo  ooo 
7 •so  ooo 
700  ooo 

/.03t 
.998 
■  964 

/07S 
J02S 
980 

/640 
ISSO 
1490 

2030 
1  940 
18  30 

770 
b9S 

/  340 
1  4  80 
1  390 

/   930 
1  840 
1  740 

3   870 
3   690 
0  4  80 

7  740 
7380 
69<S0 

14  000 
/3400 
12  l^OO 

/5  480 
14  760 
13  920 

21  100 
20  200 
19  000 

23  200 
2  2  !00 
ZO  900 

24  200 
23200 
2  /  800 

liSo  ooo 
600  ooo 
^jo ooo 

.929 
■  893 

%70 
■g  lO 

141  0 
1330 
IZ.50 

'  '4  0 
/630 
/.530 

660 
6  2^ 

1  320 
1  2SO 
1  1  &0 

1  660 
/  360 

/  4SO 

3  320 

3    130 
2  900 

6  640 
6  240 
5  SOO 

12  000 
1  1  300 
10  600 

13  280 
1  2  480 

1  1  600 

1  8  100 
1  7  000 

IS  900 

19  800 
.■  8  7  0  0 
/  7vS-00 

zo  800 

1  9  6O0 
IE  300 

soo  ooo 
^So ooo 
Jf.oo  ooo 

.8'.S 
.  77Z 
.72S 

7.SS 
70  0 
(,40 

1  16O 
,060 
9  SO 

1430 
/3  30 

IZIO 

S4S 
SOO 
■460 

1090 

/OOO 

920 

1  360 
/  2.SO 
/  ISO 

z  720 

2  SOO 

z  300 

-5-440 
5  000 
4  600 

9  860 
q  100 
8  3SO 

10  880 

/o  000 

9  200 

14  900 

13  700 
/ 2  6oa 

/6300 

.  s  100 

13  SOO 

1  7  /OO 

IS  700 

1  4400 

3SO ooo 
300 ooo 
ZSO ooo 

.630 
.S7^i 

S7S 
SIS 
4S0 

SSS 
7  8S 
6SS 

lOfO 
970 
840 

4  IS 
370 
320 

830 
7-?0 
640 

1  O40 
920 
SOO 

2  O80 
/  840 

/  600 

4  1  60 
3  680 
3  200 

7  SOO 
6  700 
3  800 

8330 
7  3  60 
6  400 

1 1  300 

10  too 

8  700 

12  400 

II   100 

9  SSO 

13  000 
II  600 
10  000 

oooo 
ooo 
oo 

Zl  /  i,oo 
/h7  77Z 
/33  07? 

-S2S 

3  9S 
330 
2^0 

uO.5 
SOS 
42s 

7S0 
61S 
S27 

Z8S 
23S 
Z  00 

^$■70 
4  7^5" 
40O 

71s 
39s 
300 

1  430 

1  l90 
1  000 

Z  8i,0 
2  3  SO 
2  000 

SI  70 
4  320 
3  640 

3  720 
4760 

4  000 

7  SOO 
6  300 
3470 

8  SSO 

7  1  30 
6000 

3  "SO 
74SO 
6  280 

o 

1 

z 

/  OS  S&O 
83  6?-? 
<S6  358 

•3  73 
■  332 
.ZfZ 

23S 
I9S 

360 
300 
2SO 

444 
370 
307 

1  70 
141 
116 

336 
282 
233 

423 
3S2 
292 

846 

1  692 
1408 
1  li,8 

3  060 
ZSSO 
2  /  20 

3384 
2  8/6 
2336 

4  600 
3  840 

3  1  SO 

5050 
4  220 
3S0O 

3300 
4400 
3  660 

3 
■4- 
S 

JZ  6Z4 

.Z6o 
.232 
.206 

J36 
"4 
96 

"176 

14  7 

ZS8 
233 
I8Z 

98 
89 
69 

196 
178 
138 

24S 
224 
/  73 

490 
44'S 
346 

9S0 
896 
692 

1   770 
1  620 
1  Z60 

/   960 
/  792 
/  3  84 

2  680 
2440 
/  890 

2940 
2680 
;2C>80 

3  08O 
2  8O0 
2   ■  SO 

Q 

O 
CO 

ooo 
oo 

2  1  1   &0O 
/67  772 
/33 079 

.460 
.410 
-.3  6S 

37  O 
3IO 
zse 

SSS 
^7S 
420 

7ZS 
£88 
49s 

Z7S 
224 
188 

SSO 
448 
376 

690 
^60 
470 

1  3SO 
/  /20 
940 

2  760 
2  240 
/    880 

3  030 

4  06O 
34ZO 

3  S20 

4  480 
3  76O 

7  SSO 

6  100 
3  ISO 

8  300 
6700 
3630 

8  700 
7  000 
3900 

/ 
z 

I05  S&O 
83  69-5!, 
6&  3S8 

.325 
.2?? 
.25)? 

2/S 
/  S2 
/  S4 

33.5 
280 
235 

41S 
348 
Z9S 

1S8 
'32 
/IS 

3/6 
2  64 
2  24 

39s 
330 
280 

790 
660 
360 

/  380 
/  320 
/  1  20 

2  860 
2400 
2  040 

3  160 
Z640 
Z240 

4  300 
3  620 
3  ObO 

4  73  0 
3  970 
3  3  70 
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19  SOO 
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31  600 
1  8  200 
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39  000 
32400 
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54  000 
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z 
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444 
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,5  iP" 

■84SO 
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7  000 
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SSSoe 
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3  .    800 

3 
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.260 
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1  14- 
96 
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4  900 
4  430 
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S  SSO 
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■4  ISO 

6  700 
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4  700 
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SOOO 
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Q 
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o 

03 
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oo 
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J  33  079 

.460 
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3  70 
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■47S 
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■49S 
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8  SSO 

/3  800 
/I    300 

9  400 

/6600 
/3  400 

/I  3,00 

IS  900 
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13  900 
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20400 
17/00 

27  600 

23400 
1 8  eoo 

37  BOO 
30  600 
23  800 

41  SOO 
33  soo 
2  8  200 

SO  800 
42  600 

76600 
6  /  200 
5  /  600 

o 
1 
z 

1  OS  S60 
83  (,94 
66  3S8 

.33S 

.239 
.2.58 

2/8 
/82 
/34 

33^S 
280 
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41S 
348 
295 

7  ISO 
6  020 
S  100 
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s  coo 

94SO 
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/ 0  soo 
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76SO 

14  360 
/  2  040 
1  0  200 

IS800 
13  600 
//  ZOO 

3  1  600 

le  /oo 
/3  300 

Z3  600 
19  SOO 
/  6  600 

36  000 
30  000 
25  soo 

43200 
36400 
30  600 

3 

S2   624 
3  3  OSS 

.229 
.204 
./82 

/28 
/08 
90 

200 

/67 
140 

24S 
207 
174 

42iO 
3  380 
30-30 

4  660 
3940 
3  320 

S60O 
4  700 

3970 

6  36-0 
,5  370 
4  .soo 

8  SOO 
7/60 
6  040 

9  320 
7  SSO 

6640 

12  700 

lo  740 
9  000 

14  000 
1  /  800 
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17  800 
/sooa 

2/480 
/  f  000 

Fonmila  (from  Foster's  Hand  Book)  Amperes  =  rtoo-J  -^  for  stranded  conductors,  and  Amperes=iisoy\  -^  for  solid  conductors,  where  T=  temperature 


rise  is  degrees  C,  D  =  diameter  of  conductor  in  inches,  and  R  =  resistance  in  ohms  per  mil  foot  at  the  final  temperature.    Based 
degrees  C. 


an  air  temperature  of  25 
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(absolute  temperature  of  65  degrees  C.)  have  also  been 
expressed  in  the  form  of  k.v.a.,  three-phase  values  cor- 
responding to  various  transmission  voltages.  Thus  No. 
0000  stranded  bare  copper  conductors  suspended  in  still 
air  out  doors  at  25  degrees  C.  will  carry  750  amperes 
with  a  temperature  rise  of  40  degrees  C.  (absolute  tem- 
perature 65  degrees  C).  If  the  transmission  voltage  is 
220  volts,  the  corresponding  k.v.a.  value  will  be  285 
k.v.a.  three-phase  and  if  the  transmission  voltage  is 
10  000  volts,  13000  k.v.a.  may  be  transmitted  with  the 
same  temperature  rise. 


As  indicated  by  foot  notes  the  values  of  the  table 
were  calculated  by  formulas  from  Foster's  Handbook 
as  follows: — 


Anipfies 


A»if>eres  =  1250  . 


-for  stranded  conductor . . . .  (^"5) 


.  /or  so/id  conductor (26) 


Where 

T  =  Temperature  rise  in  degrees  C. 
D  =  Diameter  of  conductors  in  inches. 
R  =  Resistance   of    conductors    in    ohms   per   mil-foot   at 
final  temperature. 


of  City  and 


a 

W.  W.  Cook 

Master  Mechanic, 

Saginaw — Bay  City  Railway  Co 

THE  inspection  and  overhaulintr  of  city  and  inter- 
urban  cars  are  usually  divided  into  three  classes ; 
namely — light  inspection,  heavy  inspection  and 
general  overhauling.  The  purpose  of  these  inspections  is 
to  keep  the  cars  and  equipment  in  the  best  possible  con- 
dition as  to  cleanliness  and  efficient  and  safe  operation  of 
mechanical  and  electrical  apparatus;  to  supply  satisfac- 
tory service  to  the  traveling  public ;  and  to  discover  and 
remedy  defects  which,  if  not  discovered  in  time,  would 
cause  failures  on  the  road,  possible  accidents  and  heavy 
costs  for  repairs. 

It  is  of  vital  iinportance  to  have  an  efficient  and 
well-organized  body  of  trained  men  to  take  care  of  these 
inspections.  Therefore,  a  number  of  men  should  be 
chosen  from  the  shop  force  to  act  as  inspectors  and  each 
should  be  assigned  a  certain  amount  of  work  to  be  per- 
formed. It  should  be  the  aim  of  every  inspector  to 
keep  his  part  of  the  equipment  in  as  good  and  neat  con- 
dition as  possible.  If  for  any  reason,  due  to  his  neglig- 
ence, car  delays  occur  in  service,  he  should  be  censured 
accordingly;  and  should  delays  continue  to  happen,  that 
could  have  been  prevented  by  him,  he  should  be  removed 
from  inspection  work. 

LIGHT    INSPECTION 


Each  city  car  should  be  shopped  after  running  1000 
miles,  which  will  be  approximately  every  eight  days,  and 
each  interurban  car  after  running  2000  miles  or  ap- 
proximately every  ten  days,  and  given  a  light  inspec- 
tion, consisting  of  the  following: — 

Car  Bodies — Roofs  should  be  examined  for  damaged 
canvas  and  necessary  repairs  made.  Leaky  roofs  from 
other  causes  should  be  repaired.  Deck  sash  should  be 
examined  and  broken  glass  replaced.  The  deck  sash 
operating  mechanism  should  be  examined  and  operated 
to  see  that  the  sash  open  and  close  freely. 

Signal  bells,  strap-hangers,  bell  cords  and  hand 
straps  should  be  inspected  and  any  necessary  repairs 
made.  The  signal  bells  should  operate  freely  from  each 
end  of  the  car. 

Car  seats  should  be  inspected  for  broken  castings, 
loose  seats  and  damaged  covers  and  necessary  repairs 


made.  The  seats  should  reverse  freely.  The  footrests 
should  be  examined  to  see  that  none  are  missing.  Cur- 
tains should  be  inspected  and  necessary  repairs  made  so 
that  the  rollers  will  operate  freely.  Each  curtain  should 
be  operated  separately.  All  sash  should  raise  and  lower 
easily.  Sash  lifts  and  catches  should  be  kept  in  first 
class  condition.  All  broken  window  glass  should  be 
replaced.  Ventilators  (shutters)  should  be  made  to 
open  and  close  easily.  The  entire  inside  of  the  car 
should  be  examined  for  projecting  screws,  etc.,  which 
might  tear  clothing,  and  any  found  should  be  repaired. 

The  register  operating  mechanism  should  be  ex- 
amined and  put  in  first  class  condition. 

The  floors,  including  the  vestibule,  should  be  ex- 
amined for  broken  or  worn  boards  and  any  found  should 
be  replaced.  Window  guards  should  be  kept  in  first 
class  condition. 

The  Door  and  Step-Operating  Mechanism  should 
be  examined  and  made  to  operate  satisfactorily.  Care 
should  be  taken  that  doors  lock  properly  when  in  the 
closed  position,  also  that  all  connecting  pins  are  supplied 
with  cotter  keys,  properly  spread.  Special  attention 
should  be  given  to  step  safety  treads,  which  should  be 
in  first  class  condition.  All  moving  parts  of  the  mech- 
anism should  be  oiled  and  greased. 

Car  Washing — The  outside  of  each  car  should  be 
washed  with  brush  and  cold  water  and  rinsed.  The 
floor  of  each  car  should  be  thoroughly  swept  and  mopped 
with  a  solution  of  five  gallons  of  water  and  one  tea- 
spoonful  of  disinfectant.  The  interior  wood  work,  the 
seat  cushions  and  frames  and  all  glass  ware  should  be 
washed  with  cold  water  and  a  sponge. 

Fenders — Platform  Gong — Draw  Bars — Sanders — 
Fenders  should  be  closely  examined  and  kept  in  first 
class  condition.  They  should  not  be  painted  on  light  in- 
spection. Platform  gongs  should  be  oiled  and  gong  must 
be  tight  on  the  frame.  Each  gong  should  operate  freely. 
Draw-bars  should  be  examined  closely  and  left  in  good 
operating  condition.  The  draw-bar  carrier  slides  should 
be  covered  with  a  thin  coat  of  grease.  Each  car  should 
be  equipped  with  a  coupling  bar,   suspended   from  the 
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bottom  of  the  car  body  by  hooks.  Sanders  should  op- 
erate satisfactorily  and  the  hose  should  line  up  with  the 
center  of  the  rail. 

Trucks  and  Brake  Rigging — Trucks  should  be 
closely  examined  for  loose  bolts,  nuts  and  rivets,  and 
any  found  should  be  tightened.  Also  any  broken  truck 
casting  should  be  replaced.  The  brake  rigging  on  trucks 
and  car  body  should  be  examined  and  care  taken  that 
cotter  keys  are  not  missing  and  are  properly  spread. 

Brake  shoes  should  be  examined  and  any  that  are 
so  worn  that  they  will  not  last  until  the  next  inspection 
should  be  replaced 

Motor  axle  bearing  caps  and  gear  case  bolts  should 
be  examined  and  tightened,  if  necessary.  Gear  case 
hand  hole  covers  should  close  tightly. 

Hand  brakes  should  be  examined  to  see  that  they 
are  in  first  class  condition,  special  attention  being  given 
to  the  release.  All  points  where  trucks  and  brake  rods 
chafe  on  their  guides  should  be  given  a  thin  coat  of 
grease. 

Trolley  bases  should  be  oiled  and  kept  in  first  class 
condition.  The  trolley  pole  should  not  be  twisted  and 
the  wheel  .should  line  up  with  the  trolley  wire.  Any 
wheels  that  are  so  worn  that  they  will  not  run  until  the 
next  inspection  should  be  replaced  with  new  ones. 

Motors — Top  and  bottom  commutator  covers  should 
be  removed  and  the  air-gap  measured  between  field 
poles  and  armature  with  a  gauge  provided  for  that 
purpose.  Should  the  gauge  show  an  unsafe  clearance, 
the  foreman  should  be  notified  to  have  the  armature  re- 
moved and  equipped  with  new  bearings. 

Brushholders  should  be  exammed  and  care  taken 
that  they  are  bolted  tightly  to  the  motor  frame  or  yoke ; 
also  that  hammers  and  springs  are  in  good  condition. 
The  spring  tension  should  be  measured  with  a  scale  fur- 
nished for  that  purpose  and  should  register  from  five  t> 
seven  pounds  tension.  If  for  any  reason  the  brush- 
holders  are  removed,  when  they  are  replaced,  the  bottom 
of  the  brushholder  should  be  approximately  ^  to  3/16 
of  an  inch  from  the  commutator.  A  gauge  should  be 
provided  for  setting  the  brushholders.  The  porcelain 
insulators  should  be  wiped  with  a  cloth  and  any  found 
cracked  or  broken  should  be  replaced.  The  brushes 
should  work  freely  in  their  guides,  and  if  worn  to  such 
an  extent  that  they  interfere  with  the  proper  spring  ten- 
sion, or  will  not  last  until  the  next  inspection,  they  should 
be  replaced  with  new  ones.  It  is  very  imjiortant  that  no 
brush  .should  be  cracked  or  broken. 

The  string  band  on  the  front  of  the  commutator 
should  be  wiped  off  and  given  a  coat  of  shellac,  if  neces- 
sary. All  field  coil  and  brushholder  connections  should 
be  examined,  also  motor  leads,  to  see  that  they  are  not 
chafing  on  the  truck  or  motor  frame.  Dirty  or  rough 
commutators  should  be  cleaned  with  fine  sandpaper. 
The  dust  cap  fastened  to  the  armature  bearing  housing 
on  the  commutator  end  should  be  kept  in  place  and 
securely  fastened  at  all  times.  It  is  very  important  that 
all  motor  axle  caps  and  gear  case  bolts  be  kept  tight  and 


they  should  be  carefully  inspected. 

Electro- pneumatic  Control  and  Motor  Wiring — the 
first  thing  to  do  before  a  control  inspection  is  started 
will  be  to  open  the  main  switch,  which  will  prevent  the 
car  from  being  moved  with  any  one  under  it,  and  the 
control  can  be  safely  operated  for  inspection  purposes. 
The  covers  should  be  removed  from  the  switch  group, 
which  should  be  blown  out  with  compressed  air,  and 
other  necessary  cleaning  done,  particular  attention  being 
paid  to  the  interlock  contacts,  to  see  that  they  are  free 
from  dirt.  All  control  fingers  should  be  examined  and 
any  found  worn  to  such  an  extent  that  they  will  inter- 
fere with  the  correct  operation  of  the  interlock  should 
be  replaced  with  new  fingers. 

The  arc  horns,  arc  chutes,  contact  tips  and  switch 
shunts  should  be  closely  examined  and  any  horns  that 
are  burned  ofif,  or  shunts  that  give  any  indication  of 
breaking  should  be  replaced.  Any  arc  chutes  found 
burned  or  badly  charred,  should  be  replaced.  The  chutes 
removed  should  be  taken  to  the  repair  bench,  to  be  put 
in  first  class  condition  by  the  electrical  repair  men.  Care 
should  be  taken  in  replacing  arc  horns  that  they  do  not 
strike  the  lower  soap  stone,  which  will  cause  breaking 
of  the  horns. 

Main  contact  tips  should  be  examined,  and  any  worn 
unevenly  or  worn  out  should  be  removed  and  repaired, 
if  possible.  All  tips  should  be  lubricated  by  means  of  a 
rag  dampened  with  compressor  oil.  Piston  rod  guides 
should  be  lubricated  by  giving  each  two  drops  of  light 
oil.  Each  switch  should  be  operated  by  pressing  the  pin 
on  the  top  of  each  magnet  valve  to  be  sure  the  switches 
are  working  freely  and  any  air  leaks  from  valves  or 
cylinders  should  be  corrected.  Any  dirt  on  the  piston  in- 
sulator magnets  or  on  the  insulatmg  surfaces  of  the 
switch  group  should  be  wiped  off  with  a  cloth. 

The  covers  should  be  removed  from  each  master  con- 
troller and  the  controller  thoroughly  wiped  out  with  a 
cloth.  The  drums  and  other  contacts  must  be  free  from 
dirt  and  contact  fingers  examined  for  wear  and  proper 
contact. 

The  covers  should  be  removed  from  the  reverser  and 
the  reverser  wiped  free  from  dirt.  The  condition  of  the 
drums  should  be  noted  and,  if  found  to  be  charred  or 
burned,  they  should  be  scraped  clean  and  shellaced.  All 
low  voltage  contact  fingers  and  contact  surfaces  should 
be  free  from  dirt.  All  contact  fingers  should  be  ex- 
amined for  wear  and  proper  electrical  contact,  and  any 
rough  contacts  should  be  smoothed  with  a  fine  file.  Main 
contacts  should  be  lubricated  in  the  same  manner  as 
switch  group  contact  tips.  The  reverser  should  be  op- 
erated in  the  same  manner  as  the  switch  group  and  any 
leaky  valves  or  cylinders  repaired. 

The  reset  switch  should  be  cleaned  and  operated  to 
the  satisfaction  of  the  inspector,  care  being  taken  that 
the  overload  trip  resets. 

The  grid  resistors  should  be  examined  to  see  that 
none  of  the  grids  are  broken  and  that  the  wires  are 
tight   in   their   terminals.     The  through  bolts   should  be 
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tightened,  to  take  up  any  shrinkage  in  the  insulation. 

The  entire  control  and  reverser  should  be  operated 
through  a  complete  cycle  from  the  master  controller  and 
the  sequence  checked. 

The  emergency  check  valve  should  be  tested  out  in 
the  following  manner: — The  compressor  should  be  op- 
erated until  the  governor  cuts  out,  then  the  main  reser- 
voir bled  free  of  air.  A  test  gauge  should  then  be  con- 
nected to  the  control  emergency  air  tank  and  if  the  pres- 
sure remains  constant,  the  check  valve  is  in  good  con- 
dition. If  the  gauge  shows  a  slow  leakage,  then  the 
check  valve  should  be  removed  and  cleaned.  It  is  very 
necessary  that  this  valve  be  in  hrst  class  condition  and 
the  emergency  reservoir  should  show  the  same  pressure 
as  the  main  reservoir. 

K  Type  Control  and  Motor  Wiring — Covers  should 
be  removed  and  the  dust  blown  out  of  the  controllers. 
Adjust  all  fingers  as  to  wear,  tension  and  lift.  Repair 
all  damaged  contact  fingers  and  segments  and  replace 
those  worn  out.  See  that  cylinders  work  freely,  when 
operated  from  motorman's  handle.  Examine  finger 
boards  and  see  that  all  dirt  and  oil  are  cleaned  away  to 
prevent  short-circuits.  A  few  drops  of  oil  should  be 
applied  to  the  cylinder  bearings.  Examine  all  leads,  and 
see  that  they  are  firmly  fastened  to  the  terminals. 

Circuit  breakers  should  be  examined  and  necessary 
repairs  made.  They  should  be  wiped  off  with  a  cloth, 
contacts  examined  and  any  necessary  adjustments  made. 
Grid  resistors  should  be  examined  for  broken  grids 
and  leads  should  be  tight  in  terminals.  The  through 
bolts  should  be  tightened  to  take  care  of  any  insulation 
shrinkage.  Motor  cables  should  be  examined  and 
cleated  firmly  to  the  car  body. 

Auxiliary  Equipment — All  lights  should  be  tested 
and  the  burned  out  ones  replaced.      The  light  switches 
should  be  examined  and  any  needed  repairs  made.     Any 
defective  light  sockets  should  be  replaced.  Stove  motors, 
switches  and  resistance  should  be  examined  and  any  nec- 
essary repairs  made.     All  electric  buzzers  and  push  buc- 
tons   should  be  kept  in  first   class   operating  condition. 
Head  lights  should  be  cleaned  and  kept  in  good  condi- 
tion.    Each    car    should    be    supplied    with    extra    light, 
buzzer  and  compressor  fuses. 

The  commutator  covers  should  be  removed  from 
the  compressor  and  all  dirt  cleaned  from  the  brush- 
holders  and  insulators.  The  brush  tension  should  be 
checked  and  the  brushes  should  work  freely  in  their 
guides.  The  commutator  should  be  examined  for  open 
circuits,  and  if  rough  or  dirty  it  should  be  cleaned  witn 
fine  sandpaper.  The  string  band  at  the  end  of  the  com- 
mutator should  be  cleaned  and,  if  no  polish  is  visible,  it 
should  be  shellaced. 

Air  Brake  and  Piping — All  piping  should  be  tested 
with  soap  suds  and  leaks  repaired.  The  governor  should 
be  examined,  cleaned  and  adjusted.  It  should  cut  out  at 
70  pounds  and  cut  in  at  55  pounds  on  city  cars.  On  in- 
terurban  cars  it  should  cut  out  at  80  pounds  and  in  at 
65  pounds.     The  engineer  valves  should  be  operated  and 


kept  free  from  leaks.  They  should  be  cleaned  and  oiled 
every  fourth  inspection.  The  air  reservoirs  should  be 
bled  to  eliminate  accumulated  oil  and  water.  The 
amount  of  oil  in  the  compressor  should  be  examined. 
It  should  be  visible  at  the  top  of  the  filling  cups.  The 
mushroom  strainers,  located  on  top  of  the  floor  on  the 
inside  of  the  car,  should  be  removed  and  cleaned. 

Lubrication — The  free  oil  level  in  the  armature  bear- 
ing housings  should  be  measured  and  maintained  at  a 
minimum  level  of  one  and  one-half  to  two  inches  and 
a  maximum  level  of  three  to  four  inches,  depending 
upon  the  type  of  motor.  Specific  instructions  should  be 
given  the  inspector  for  each  type  of  motor  used. 
Similarly  the  oil  level  in  the  motor  axle  bearing  .should 
be  maintained  between  one  inch  minimum  and  2.5  inches 
maximum,  depending  upon  the  type  of  motor.  Journal 
bearings  need  not  be  inspected  at  every  light  inspection 
but  should  be  examined  every  fourth  inspection.  One 
gill  of  oil  should  be  poured  into  the  journal  box  as  near 
the  back  end  as  possible,  and  care  should  be  taken  that 
all  dirt  and  waste  are  cleaned  from  the  seal  before  the 
journal  box  cover  is  closed.  The  side  and  center  bear- 
ings should  be  given  a  light  coat  of  grease. 

HEAVY    INSPECTION 

Each  city  car,  after  it  has  made  about  12000  miles, 
or  approximately  every  three  months,  and  each  interur- 
ban  car,  after  it  has  made  about  35  000  miles  or  ap- 
proximately eveiy  six  months,  should  be  brought  into 
the  shops  and  given  a  heavy  inspection,  along  the  follow- 
ing general  lines,  in  addition  to  all  work  regularly  done 
during  light  inspections : — 

Car  Bodies — The  outside  of  all  wooden  cars  should 
be  examined  for  any  defects. 

Door  and  Step-Operating  Mechanism — All  loose 
motion  should  be  taken  up.  All  bearings  should  be 
thoroughly  oiled  and  chafing  parts  greased.  It  is  very 
essential  that  the  doors  lock  when  in  both  open  and 
closed  positions. 

Car  Washing — The  inside  of  the  cars  should  be 
thoroughly  washed  with  naphtha  soap  and  hot  water. 
The  floor  should  be  mopped  as  on  light  inspection.  The 
outside  of  the  car  should  be  thoroughly  scrubbed  with 
a  strong  solution  of  linseed  oil  soap  dissolved  in  hot  water 
and  the  body  then  rinsed  widi  a  sponge  and  cold  water. 
The  inside  and  outside  of  the  windows,  including  ven- 
tilators, should  be  cleaned  thoroughly.  The  trucks  and 
that  part  of  the  equipment  underneath  the  car,  visible 
from  the  side  of  the  car,  should  be  dry  cleaned  with  a 
brush  and  then  wiped  with  a  piece  of  oily  waste.  All 
refuse  should  be  removed  from  the  window  pockets  and 
underneath  enclosed  paneled  seats. 

Fenders — The  fenders  should  be  painted  with  one 
coat  of  black  asphaltum  paint. 

Truck  and  Brake  Rigging — The  journal  box  pedes- 
tal plates  and  the  truck  bolster  swing  motion  hanger  pins 
should  be  greased.  The  wheels  should  be  gauged  and 
those  with  sharp  or  thin  flanges  should  be  removed. 
Gears  and  pinions  should  be  examined  and  those  found 


522 


THE  ELECTRIC  JOURNAL 


worn  to  a  sharp  edge  should  be  removed.  Journal  bear- 
ings should  be  inspected  and  any  found  worn  to  ^  inch 
thickness  should  be  removed.  Motor  axle  bearings 
should  be  removed  if  worn  3/16  of  an  inch  on  the  diame- 
ter. The  end  play  should  not  exceed  ^  of  an  inch. 
All  worn  pins  and  bushings  on  the  truck  brake  rigging 
should  be  replaced.  Special  attention  should  be  given  to 
see  that  mud  guards  are  securely  fastened  to  the  car 
bodv. 

Motors — The  motors  should  be  blown  out  with  com- 
pressed air.  Brushholders  should  be  removed  and  the 
inside  of  the  motor  casing  should  be  painted  with  an 
air  drying  insulating  varnish.  The  front  end  of  the 
armature  and  field  coils  should  also  be  painted.  The 
brushholders  should  be  taken  to  the  repair  bench  to  be 
thoroughly  cleaned  and  any  necessary  adjustments  made. 
Electro-pneumatic  Control  and  Motor  Wiring — The 
main  ribbbon  fuse  should  be  removed  and  put  back. 
This  is  necessary  in  order  to  keep  the  clamping  blocks 
and  screws  in  operating  condition.  If  the  fuse,  at  the 
blowing  point,  has  any  indication  of  heating  and  exces- 
sive scaling,  it  should  be  replaced  with  a  new  fuse. 

The  top  cover  of  the  switch  group  should  be  re- 
moved and  the  top  of  the  switch  group  blown  out  with 
compressed  air.  The  copper  bolts  holding  the  switches 
and  blowout  should  then  be  tightened,  if  necessary,  care 
being  used  not  to  stretch  the  bolts.  All  insulating  sur- 
faces in  the  switch  group  and  reverser  should  be  rubbed 
off  with  a  rag  and  those  parts  that  have  not  a  reason- 
ably clean  polished  surface,  should  be  given  a  coat  of 
shellac.  One  or  two  drops  of  oil  should  be  placed  on 
the  pivot  pins  on  which  the  switch  arm,  contact  finger 
and  piston  hook.  The  bolts  holding  the  shunts  should  be 
tightened,  if  loose.  Special  attention  should  be  given  to 
sluggish  switches.  These  can  be  brought  to  normal 
operating  speed  by  oiling  the  piston  rod  guides,  or  lubri- 
cating the  piston  with  lubricating  compound. 

The  upper  and  lower  valve  stems  of  the  switch 
group  and  reverser  should  be  removed,  and  if  found 
gummy  they  should  be  washed  in  gasoline,  special 
care  being  taken  that  each  is  returned  to  its  own 
position,  because  each  stem  is  ground  to  fit  its  own  seat. 
All  control  contacts  should  be  lubricated  by  wiping  with 
a  piece  of  cheese  cloth,  moistened  with  compressor  oil. 
The  covers  of  the  switch  group  and  reverser  should  be 
examined  to  see  that  the  felt  and  insulation  on  them  is 
in  place  and  in  good  condition.  The  frames  of  the 
switch  group,  reverser  and  grid  resistors  should  be  tested 
for  grounds  with  a  bank  of  lamps  connected  to  the 
trolley  wire.  If  any  are  found  to  be  grounded,  the 
cause  must  be  located  and  removed.  The  nuts  holding 
the  grid  resistor  frames  together  should  be  inspected  and 
tightened  if  any  are  found  loose. 

The  cover  of  the  overload  trip  relay  should  be  re- 
moved and  any  dirt  on  the  inside  cleaned  out.  It  should 
then  be  tried  out  both  by  the  reset  switch  and  by  a  wire 
attached  to  the  locking  plunger.  The  screws  holding 
the   reverser   fingers  to  the   insulating  base   should  be 


tightened  if  necessary.  The  mastei  controller  fingers 
should  be  examined  for  wear  and  adjusted  to  have  a 
lift  of  1/16  of  an  inch.  This  is  also  true  of  the  switch 
group  and  reverser  control  fingers.  The  parts  of  the 
star  wheel  and  interlocking  mechanism  of  the  master 
controller  should  be  oiled,  as  well  as  the  cylinder  bear- 
ings. 

A'  Type  Control  and  Motor  Wiring — The  nuts  hold- 
ing the  grid  resistor  frames  together  should  be  inspected 
and  tightened  if  any  are  found  loose.  The  star  wheel 
and  interlocking  mechanism  in  the  controllers  should  be 
oiled.  All  insulating  surfaces  in  the  controller  should 
be  rubbed  with  a  rag  and  those  parts  that  do  not  show 
a  reasonable  polish  should  be  given  a  coat  of  shellac. 

Circuit  breakers  should  be  opened  and  examined 
carefully  for  wear,  dirt,  loose  parts  or  damage  of  any 
kind.  The  contacts  should  be  smoothed  up  with  a  file, 
after  which  they  should  be  lubricated  slightly  by  apply- 
ing a  thin  coat  of  vaseline.  Arc  chutes  should  be  ex- 
amined for  burning  and  dirt.  A  drop  or  two  of  oil 
should  be  applied  to  the  bearing  pins  to  prevent  rust. 
The  circuit  breaker  setting  should  be  correct  and  the 
tripping  mechanism  in  good  condition. 

Auxiliary  Equipment — The  compressor  brushholder 
should  be  removed  and  the  motor  blown  out  with 
compressed  air.  The  front  field  coils  in  the  armature 
should  be  wiped  off  with  cheese  cloth  and  painted.  The 
string  band  in  front  of  the  commutator  should  be  wiped 
off  and  given  a  coat  of  shellac.  The  brushholders 
should  be  examined  and  cleaned  and  those  found  defec- 
tive taken  to  the  repair  bench.  The  armature  should  be 
measured  for  clearance  with  a  gauge  provided  for  the 
purpose. 

Headlights  should  be  cleaned  and  inspected,  special 
attention  being  given  to  the  polish  of  the  reflectors. 

Air  Brake  and  Piping — The  mushroom  strainers 
should  be  taken  apart  and  the  curled  hair  washed  in 
gasoline.  During  the  operation  of  the  compressor,  at- 
tention should  be  given  the  suction  and  discharge 
valves;  if  any  are  not  performing  their  duty,  the  cause 
should  be  located  and  remedied. 

The  brakes  should  be  applied  and  engineer  valve 
handle  placed  in  the  lap  position  to  see  that  the  brakes 
hold  and  that  air  is  not  leaking  past  the  piston  packing. 
Special  attention  should  be  given  to  the  piping  to  be  sure 
that  all  pipes  are  securely  fastened  to  the  car  body  and 
that  they  do  not  vibrate  while  the  car  is  in  operation. 

Lubrication — Waste  should  be  removed  from  the 
armature,  motor  axle  and  journal  bearings  and  pulled 
apart,  and  all  waste  which  appears  glazy  should  be 
thrown  away  and  new  waste  added  when  repacking. 
The  oil  should  be  brought  to  the  level  as  maintained  nt 
light  inspection.  Gears  and  pinions  should  be  lubricated 
with  gear  lubricating  compound. 

GENERAL   OVERHAULING 

Each  city  car,  after  running  48  000  miles  or  ap- 
proximately one  year  and  each  interurban  car  after  run- 
ning 74000  miles  or  about  one  year,  should  be  brought 
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to  the  shop  and  receive  a  general  overhauling.  All  work 
as  done  on  light  and  heavy  inspection  should  be  included 
in  the  general  overhauling,  which  will  consist,  in  addi- 
tion, of  the  following  work : — 

Car  Bodies — All  brass  trimmings  should  be  removed 
from  the  car  and  given  a  coat  of  statuary  bronze  finish. 
All  seats  and  seat  frames  should  be  removed  and  neces- 
sary repairs  made.  All  sash  should  be  removed,  neces- 
sary repairs  made  and  then  varnished.  The  entire  car 
body  should  be  closely  examined  for  damaged  or  decayed 
wood  and  missing  parts  and  necessary  repairs  made. 
Vestibules  should  be  inspected  and  those  found  sagged 
to  any  extent  or  so  that  they  will  interfere  with  the  op- 
eration of  the  doors  should  be  jacked  up  and  shimmed 
After  painting  has  been  completed,  the  car  should  be 
retrimmed. 

Door  and  Step  Mechanism — The  entire  mechanism 
should  be  dismantled  and  the  worn  parts  replaced  or 
bushed. 

Car  Washing — The  inside  and  outside  of  the  car 
should  be  thoroughly  washed  with  a  linseed  oil  soap 
solution  and  rinsed  with  cold  water  and  a  sponge.  Seat 
frames  and  cushions  should  be  washed  with  the  same 
solution.  The  trucks  and  that  part  of  the  equipment 
underneath  the  car,  visible  from  side  of  car,  should  be 
dry  cleaned  with  a  brush.  After  the  car  has  been 
touched  up  and  varnished,  the  windows  should  be 
cleaned,  special  attention  being  given  to  the  removal  of 
varnish  or  stains  on  the  glass.  Curtains  should  be  re- 
moved and  washed. 

Fenders — Platform  Gong — Draw  Bars — Sanders — 
Regular  work  as  done  on  light  and  heavy  inspection 
should  be  performed  at  general  overhauling. 

Truck  and  Brake  Rigging — The  cars  should  be 
jacked  up  and  the  trucks  removed  and  placed  on  the 
repair  track  where  the  motors  should  be  removed. 
Brake  levers  and  rods  on  the  truck  and  car  bodies  should 
be  removed,  holes  rebushed  with  hardened  bushings  and 
supplied  with  hardened  pins  if  necessary.  The  ellipti- 
cal springs  should  be  removed  and  soaked  in  kerosene 
oil.  A  general  replacing  of  worn  parts  and  tightening  of 
loose  parts  should  be  carried  out. 

Motors — Armatures  should  be  removed  from  the 
frames,  taken  to  the  armature  room  and  cleaned,  neces- 
sary repairs  made,  tested,  painted,  properly  dipped  or 
rolled  in  a  good  grade  of  baking  varnish  and  baked  at 
least  24  hours,  attention  being  given  to  loose  bands  and 
poorly  soldered  clips.  Special  attention  should  be  given 
to  see  that  commutators  are  undercut  3/64  inch,  front 
V  ring  cleaned  and  well  painted,  rear  of  commutator 
sealed  from  dirt  and  that  the  commutator  is  tight. 

Field  coils  should  be  removed,  given  a  gasoline  bath 
and  painted  with  black  air-drying  varnish.  The  inside 
of  the  motor  frames  should  be  cleaned  and  given  a  coat 
of  black  air-drying  varnish. 

Brushholders  should  be  removed  and  taken  to  the 
repair  bench  to  be  cleaned  and  repaired,  special  atten- 
tion being  given  to  worn  parts  and  weak  springs.     When 


the  brushholders  are  installed  again  in  the  motors,  at- 
tention should  be  given  the  proper  spacing  and  align- 
ment. Armature  bearing  housings  should  be  cleaned 
with  kerosene  oil  and  new  armature  bearings  installed,  if 
necessar}'. 

Electropneumatic  Control  and  Motor  Wiring — The 
switches  and  blowout  coils  of  the  switch  group  should  be 
removed  and  all  the  cables  and  insulating  material 
painted  or  shellaced.  The  cylinders  of  the  switch  group 
and  reverser  should  be  thoroughly  cleaned  out  and  put 
together  with  a  fresh  supply  of  cylinder  compound,  spe- 
cial attention  being  given  to  the  wear  of  the  piston 
leathers.  The  air-gap  and  travel  of  the  magnet  valves 
should  be  checked  and  adjusted  if  necessary.  The 
drums  of  the  reverser  and  master  controllers  should  be 
removed  for  painting  of  the  interior  and  the  drums. 

K  Type  Control  and  Motor  Wiring — The  main  and 
reverser  cylinders  should  be  removed  and  all  insulating 
surfaces  should  be  painted  or  shellaced.  The  cylinder 
bearings  and  controller  handles  should  be  bushed  with 
steel  tubing  if  necessary.  The  circuit  breakers  should 
be  removed  and  taken  to  the  repair  bench,  where  they 
should  be  taken  apart  and  thoroughly  cleaned  and  painted 
and  all  worn  mechanical  parts  replaced.  After  re- 
assembling, the  circuit  breakers  should  be  tested  and  their 
calibration  checked. 

Auxiliary  Equipment — Light  and  heavy  inspection 
work  should  be  repeated. 

Air  Brake  and  Piping — The  compressor  should  be 
removed  from  the  car,  taken  apart  and  thoroughly 
washed  out  with  gasoline.  The  armature  and  field  coils 
should  be  removed  and  sent  to  the  armature  winding 
room  to  be  cleaned  with  gasoline,  tested  and  painted. 
Piston  rings,  connecting  rods,  crank  shaft  and  bearings 
should  be  closely  examined  and  necessary  repairs  made. 

The  brake  cylinders  should  be  taken  apart,  cleaned 
and  lubricated.  The  engineer's  valves  should  be  taken 
apart,  cleaned  and  worn  parts  replaced.  The  rotary 
valves  should  be  reground  if  necessary.  Engineers 
valve  stems  and  handles  should  be  bushed,  if  worn  to 
any  extent.  The  governor  should  be  taken  apart, 
cleaned  and  necessary  repairs  made.  The  main  reser- 
voir should  be  removed,  given  a  hydraulic  test  of  125 
pounds  pressure  and  one  coat  of  black  asphaltum  paint. 
The  accuracy  of  the  air  gauges  should  be  checked  with 
a  test  gauge. 

Lubrication — Work  should  be  performed  as  out- 
lined on  heavy  inspection. 

Painting  and  Varnishing — The  outside  of  the  car 
should  be  touched  up  with  color  varnish  and  given  one 
coat  of  clear  varnish.  The  inside  of  the  car  should  be 
touched  up  with  color  varnish  and  given  one  coat  of 
clear  varnish.  The  roof  and  floor  should  be  given  one 
coat  of  a  good  grade  of  roof  paint.  The  seat  frames 
should  be  given  one  coat  of  color  varnish  and  the  cush- 
ions one  coat  of  seat  varnish.  The  trucks  and  that 
part  of  the  equipment  visible  from  the  side  of  the  car 
should  be  given  one  coat  of  black  asphaltum  paint. 


ArmntHro  Sloi  Wedges 

F.  J.  AlMUTIS 

ARMATURE  wedges  are  commonly  made  of  hard  This  wholly  cotton  unloaded  paper  is  passed  over  a 
\ulcanized  fibre.  As  far  as  the  electrical  heated  cylinder  and  through  a  bath  of  zinc  chloride  at 
characteristics  are  concerned,  armature  wedges  a  temperature  of  about  40  degree  C.  It  is  then  rolled 
could  be  made  of  almost  any  non-magnetic  material,  over  large  heated  drums  to  the  required  thickness,  the 
such  as  wood,  brass,  bakelite,  etc.  The  mechanical  zinc  chloride  hydrolizing  the  cellulose  and  gelatinizing 
features  are  the  chief  points  to  be  considered.  Wooden  the  surface  to  such  an  extent  that  the  paper  unites  and 
armature  wedges  give  fairly  satisfactory  results  and  forms  an  almost  homogeneous  mass, 
are  used  in  some  types  of  motors  and  generators,  but  The  "green  fibre"  is  then  washed  in  zinc  chloride 
vulcanized  hard  fibre  wedges  are  much  more  common,  baths  of  progressively  diminishing  concentration  at 
Wooden  wedges  of  the  usual  dimensions  break  ralher  room  temperature  until  it  is  commercially  pure,  i.  e., 
easily  if  cut  across  the  grain.  This  breaking  is  a  contains  a  very  small  percentage  of  chlorine.  This  pro- 
matter  of  concern  only  while  the  wedge  is  under-  cess  is  very  slow.  One-quarter  inch  fibre,  for  instance, 
going  the  process  of  manufacture,  or  the  final  requires  three  to  four  weeks  for  washing,  and  two  inch 
step  of  putting  it  into  the  slot.  If  cut  along  the  grain,  fibre,  six  to  eight  months.  The  wet  fibre  is  dried  at  a 
the  thin  edges  that  fit  in  the  grooves  in  the  armature  temperature  of  about  50  degrees  C.  after  which  it  is 
slot  are  likely  to  split  off  rather  easily,  due  to  the  cen-  pressed  and  usually  calendered.  The  finished  product, 
trifugal  force  exerted  by  the  armature  coil  behind  them,  which  has  shrunk  to  one  half  its  original  thickness,  is 
even  at  comparatively  low  peripheral  speeds.  Wooden  a  homogeneous,  tough,  hornlike  material, 
wedges  do  not  vary  much  in  size  due  to  drying  and  ab-  Fibre  is  not  water-proof  but  is  not  injured  by  im- 
sorbing  moisture.  This  characteristic  is  a  very  desir-  mersion  in  water.  Neutral  salts  are  also  without  harm- 
able  and  essential  factor  in  the  case  of  wide  slot  arma-  ful  effect  but  most  mineral  acids  in  time  cause  disin- 
tures,  such  as  the  high  speed  turbogenerator.  In  excep-  tegration.  Organic  solvents,  such  as  ether,  and  all  oils 
tionally  wide  slot  armatures  either  wooden  or  well  are  without  effect  on  fibre  Averaged  results  of  a  few 
treated  fibre  wedges  are  used.  The  latest  development  comparative  and  typical  tests  are  given  in  Table  i. 
IS  the  use  of  dried  and  varnish-treated  fibre  wedges.  These  tests  show  approximately  the  characteristics  and 
Non-magnetic  wedges,  such  as  brass  wedges,  can  properties  of  the  kind  of  fibre  that  is  used  for  the 
be  used  with   notable  mechanical   advantage.     But   if  armature  wedges. 

made  of  comparatively  large  size  they  get  hot  due  to  TABLE  I-COMPARATIVE  TEST  ON  TYPICAL 

eddy  currents.     This  heating  does  not  injure  the  wedge  SAMPLES  OF  HARD  VULCANIZED  FIBRE 

itself  but  it  adds  so  much  more  heat  to  the  armature      Thickness,  inch   H  % 

coil  and,  with  the  usual  non-fire  proof  insulation,  this  chloHne^c'onteV percent ■.\:.:.:.\':^                     0.20          a^ 

would  endanger  the  armature  coil  insulation.     More-     Shearing  stresses,  lbs.  per  sq.  in 9000       13  000 

over,  such  a  metallic  wedge  has  to  be  insulated  from  Tensne"^strength^. \'.^\V^V. '.'.'.'.'.'. '.'.'. '.'.'. '.'.'.'.'. l^sC^       n ^ 

the  armature  core  or  it  would  short-circuit  the  core     Breakdown  voltage   12500       50000 

laminations  and  thus,  to  a  considerable  extent,  would  It  has  been  demonstrated  by  test  that  fibre  does 

defeat    the    purpose    of    laminating    the    core.     Metal  not  quite  regain  its  original  flexibility  after  being  dried 

wedges  eliminate  troubles  due  to  having  the  wedges  completely.     It   becomes   rather   hard   and   brittle,   al- 

fall  out  of  the  slots,  as  they  do  not  carbonize  and,  in  though  it  may  regain  its  original  amount  of  moisture, 

the  usual  dimensions  of  the  slot,  expansion  due  to  heat-  Fibre   reabsorbs   moisture   in  about   two-thirds   of   the 

ing  works  in  favor  of  making  the  wedges  tight  rather  time   required  to  expel  the  same  amount  of  moisture 

than  loose.  without  carbonizing  the  fibre. 

Bakelite  micarta  wedges  have  been  considered,  and  Vulcanized    fibre    shrinks    with    the    removal    of 

these  offer  considerable  advantages  due  to  the  higher  moisture  and  expands  with  the  absorption  of  moisture, 

carbonizing   temperatures.     While   thus    far   there   has  Tests  were  made  on  a  few  samples  of  fibre  of  o.i  in. 

been  no  pressing  need  of  bakelite  wedges  in  the  usual  in-  thick  and  0.5   inch  wide  to  determine  the  amount  of 

dustrial  motors  and  generators,  this  seems  to  offer  a  shrinkage  due  to  removal  of  moisture  and  the  amount 

promising  field  for  development.  of  expansion  due  to  absorption  of  moisture.     On  these 

Vulcanized  hard  fibre  armature  wedges  are  used  particular  samples  the  average  shrinkage  and  expansion 
m  practically  all  direct-current  armatures  at  the  usual  in  width  was  approximately  one  mil  per  one  percent 
•commercial  speeds  with  the  usual  non  fire-proof  insula-  change  in  moisture.  The  shrinkage  and  expansion  in 
tion.  Fibre  is  easily  machined,  withstands  motor  op-  thickness  was  much  greater  than  in  width, 
•erating  temperatures  and  mechanical  stresses.  In  Tests  .were  made  on  a  few  samples  of  fibre  of  dif- 
short,  it  has  all  the  desirable  and  necessary  properties,  ferent  thickness,  color,  quality  and  at  different  temper- 
Vulcanized  fibre  is  made  of  all  cotton  cellulose  paper,  atures  to  determine  the  breakdown  voltage  per  unit  of 
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thickness.  The  voltage  increases  with  increase  of  tem- 
perature on  thin  samples  and  decreases  with  increase  of 
temperature  on  thick  samples  when  heated  for  a  short 
time  only.  This  is  because  the  small  amount  of  zinc 
chloride  in  solution  causes  the  resistivity  to  decrease 
with  increase  in  temperature  in  the  thicker  samples, 
while  in  the  thin  samples  moisture  is  rapidly  driven  out, 
nullifying  this  effect. 

The  breakdown  voltage  per  unit  thickness  is  also 
a  function  of  the  extent  to  which  gelatinization  of  the 
individual  piles  of  paper  has  been  carried.  Gray  fibre 
is  made  from  paper  of  the  natural  color,  with  no  color- 
ing matter.  Black  fibre  contains  a  small  amount  of 
lamp  black  or  other  coloring  matter.  Red  fibre  is 
colored  with  various  grades  of  oxide  of  iron.  Any 
loading  material  placed  in  the  paper,  from  which  the 
vulcanized  fibre  is  made,  tends  to  interfere  with  the 
chemical  treatment  and  the  result  is  a  less  homogeneous 
material.  Coloring  matter  acts  as  a  loading  material 
and  produces  a  slightly  more  "papery"  fibre,  which 
usually  has  a  higher  breakdown  voltage  because  of  the 
greater  degree  of  lamination.  Thus  a  colored  fibre  may 
have  a  higher  breakdown  voltage  per  unit  thickness 
than  gray  fibre,  although  the  coloring  matter  in  itself 
is  a  conductor. 


FIG.    I — TOOL    FOR    DRIVING    FIBRE   WEDGES 

In  the  case  of  wedges,  shrinkage  is  the  most  im- 
portant characteristic  of  fibre.  Although  dry  fibre  does 
not  shrink  appreciably,  ordinary  fibre  wedges  dry  out 
and  shrink  somewhat  with  the  increase  in  temperature 
permitting  a  loosening  of  the  wedges.  Instances  have 
been  noted  where  wedges  got  loose  and  fell  out  of  the 
armature  slots.  The  number  of  such  cases,  however, 
is  practically  negligible.  To  overcome  the  disadvantage 
of  loose  wedges  some  of  the  wedges  are  made  of  dry 
and  treated  fibre.  This  practice  proved  to  be  fairly 
successful  and  is  being  applied  in  the  cases  of  wide 
wedges. 

The  fibre  is  received  from  the  manufacturer  in 
large  sheets.  These  sheets  may  be  stored  as  received  or 
may  be  dried  completely  in  ovens  a1  about  115  degrees 
C,  then  varnished  and  stored. 

In  making  wedges  from  the  undried  fibre  the  first 
step  is  sawing  narrow  strips  along  the  grain  of  the 
fibre,  the  strips  being  of  the  width  of  the  wedge.  These 
strips  are  then  passed  through  a  milling  machine  which 
cuts  off  the  corners  of  the  rectangular  strip  and  shapes 
its  edges  to  the  required  form.  The  long  strips,  already 
shaped  to  the  required  form,  are  next  cut  into  short 
pieces  about  three  inches  to  ten  inches  long,  as  the 
case  may  require.     One  end  is  then  beveled  to  make  it 


easier  to  put  the  wedge  into  the  slot.  The  finished 
wedges  are  dipped  into  paraffine  for  about  ten  minutes. 

In  making  wedges  from  the  dry  fibre,  the  first  oper- 
ation is  sawing  narrow  strips  along  the  grain  of  the 
fibre.  The  strips  are  then  cut  into  the  required  lengths, 
and  the  comers  ripped  off  on  a  planer.  The  dry  fibre 
is  too  hard  to  be  worked  on  the  milling  machines  and 
in  most  cases  the  dry  wedges  are  intended  for  the  more 
refined  machines  and  the  corners  are  shaped  accurately, 
which  cannot  be  done  easily  on  a  milling  machine.  The 
end  is  beveled,  and  the  strips  are  dried  at  about  125 
degrees  C.  for  about  twenty  minutes  and  are  then  dipped 
into  melted  paraffine  for  about  two  hours. 

The  wedges  are  put  into  the  armature  slots  from 
a  special  shuttle  such  as  shown  in  Fig.  i.  This  tool  is 
simply  a  bar  of  steel  with  a  rectangular  hole  through 
it  lengthwise,  large  enough  to  take  in  the  wedge,  and  a 
bar  of  the  same  size  as  the  hole.  The  bar  is  inserted 
behind  the  wedge  and  driven  with  a  mallet.  This 
shuttle  guides  the  wedge  into  the  slot  and  prevents  it 
from  buckling  and  breaking. 

The  object  of  the  armature  wedge  is  to  keep  the 
armature  coil  in  the  slot.  Thus  the  vulcanized  fibre  or 
wood  wedges  are  good  for  low  or  moderate  peripheral 
speed  machines  only.  On  the  high  peripheral  speed 
machines,  armatures  are  banded  with  virire  bands  and 
no  wedges  are  used. 

On  comparatively  small  diameter  armatures  no 
wedges  are  used,  the  coils  being  held  in  the  slots  by 
wire  bands.  In  this  case  the  teeth  are  very  tapered, 
i.  e.,  teeth  of  the  usual  length  may  be  sufficiently  wide 
at  the  peripheral  end  but  at  the  inner  end  they  usually 
are  very  narrow  and  the  longer  they  are  the  narrower 
they  are  at  the  root.  The  space  required  for  the  wedge 
is  about  3/32  inch.  This  3/32  inch  cannot  well  be 
spared  in  length  as  it  would  make  the  teeth  too  narrow 
at  the  root.  Narrow  teeth  are  undesirable  for  magnetic 
reasons. 

In  high  temperature  machines,  such  as  steel  mill 
motors,  the  maximum  operating  temperature  may  be  as 
high  as  115  degrees  C,  which  approaches  close  to  the 
carbonizing  temperature  of  vulcanized  fibre.  In  such 
cases  vulcanized  fibre  wedges  would  shrink  consider- 
ably and  probably  fall  out  of  the  slots.  Hence  for  such 
machines  no  wedges  are  used,  the  armatures  being 
banded  with  wire  bands. 

In  alternating-current  machines,  metal  wedges 
are  sometimes  used.  In  one  type  of  wedge  which  has 
been  extensively  used,  the  outer  parts  are  made  of 
steel  and  the  middle  part  of  brass.  The  steel  portion  is 
intended  to  produce  the  effect  of  a  semi-closed  slot.  The 
brass  portion  is  intended  to  complete  the  wedge  and  yet 
not  close  the  magnetic  circuit.  These  wedges  could  be 
used  in  the  direct-current  commutating-pole  machines 
but  the  advantages  gained  in  reducing  the  effective  air- 
gap  would  be  overbalanced  by  the  increased  difficulties 
in  commutation. 
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ALTHOUGH  numerous  experimenters  have  been 
interested  in  making  thermal  conductivity  meas- 
urements, Httle  data  is  available  for  such  ma- 
terials as  are  used  in  the  construction  of  electrical  ma- 
chinery. The  most  important  vk^ork  on  such  insulating 
materials  thus  far  available  was  done  by  Symons  and 
Walker.*  The  materials  tested  were  special  and  con- 
sequently the  values  obtained  can  not  be  taken  as  ap- 
plicable to  similar  materials  used  in  the  construction 
of  electrical  machinery  in  this  country.  The  investiga- 
tions herein  described  were  undertaken,  therefore,  to 
obtain  determinations  of  the  thermal  conductivity  of  in- 
sulating and  other  materials,  the  values  of  which  are  of 
direct  interest  to  those  concerned  with  the  heat  problem 
in  electrical  apparatus.  As  a  preliminary  step  it  seemed 
worth  while  to  try  the  therinal  bridge  method  suggested 
by  Prof.  E.  F.  Northrup.** 

THE   NORTHRUP   THERMAL   BRIDGE 

The  bridge,  shown  in  Fig.  i,  consisted  of  two 
soapstone  cylinders  each  4^  in.  in  diameter,  one  being 
SYz  in.  long  and  the  other  3  in.  long.  Each  cylinder 
consisted  of  an  inner  core  1%  in.  diameter  surrounded 
by  a  concentric  cylinder  having  a  wall  thickness  of  i^ 
in.  The  two  faces  along  MN  separating  the  two  parts 
of  the  apparatus  were  ground  so  as  to  fit  very  closely. 
A  spiral  groove  was  cut  in  the  top  of  the  longer  cylin- 
der E  and  a  heater  wire  placed  in  this  groove  as  indi- 
cated. Small  holes,  i,  2,  j,  etc.,  were  drilled  at  right 
angles  to  the  axis  of  the  cylinders  through  the  outer 
wall  and  into  the  central  core  as  indicated.  Copper- 
constantan  thermocouples  made  of  0.005  '"•  wire  were 
inserted  in  these  holes  for  the  purpose  of  determining 
the  temperature  gradient  along  the  cylinders.  The 
lower  part  of  the  apparatus  F  was  placed  on  a  brass  box 
which  served  as  a  cold  temperature  reservoir  when  kept 
filled  with  water  and  ice  or  when  water  was  kept  circu- 
lating through  it.  The  heat  generated  at  the  top  would 
flow  down  the  core  and  outer  wall  through  the  junction 
MN  to  the  reservoir.  The  purpose  of  the  core  and  sur- 
rounding wall  was  to  insure  a  uniform  flow  of  heat 
through  the  core.  Felt  was  placed  around  the  outer 
cylinder  to  further  prevent  undue  loss  of  heat  from  the 
surface  of  the  apparatus. 

THEORY  AND  METHOD 

If  the  distance  from  thermocouple  i  to  5  is  made 
the  same  as  that  from  2  to  8,  and  the  conditions  are 
such  that  a  uniform  temperature  drop  exists  along  the 


core,  the  thennal  conductivity  of  a  material  placed  in 
MN  can  be  determined  in  terms  of  soapstone.  First, 
suppose  the  above  conditions  to  exist  when  there  is  no 
specimen  in  MN .  Then  the  temperature  drop  will  be 
uniform  along  the  apparatus,  as  can  be  tested  by  the 
thermocouples.  When  a  sample  is  inserted  in  MN ,  and 
the  temperatures  of  /,  5,  2  and  8  measured,  the  drop  be- 
tween 2  and  8  exceeds  that  from  j  to  5  by  an  amount 
equal  to  the  drop  through  the  sample.  The  soapstone 
equivalent  of  the  sample  is  then  readily  calculated  from 
the  temperature  drop  through  the  sample  and  the  tem- 
perature drop  per  unit  length  along  the  soapstone. 
This  is  dependent  on  the  assumption  that  the  drop  is 
uniform  along  the  soapstone  and  that  there  is  no  tern- 
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FIG.    I — THERMAL  BRIDGE 

perature  drop  across  the  junctions  of  sample  and  soap- 
stone  at  MN.  In  the  actual  experiment,  the  procedure 
was  slightly  different,  as  the  distance  from  thermo- 
couple /  to  5  was  not  exactly  the  same  as  between  2  and 
8.  As  shown  in  Fig.  i,  several  thermocouples  were 
inserted  along  the  cylinder;  and  then  from  the  curve 
between  temperatures  and  distance  from  the  upper 
thermocouple,  the  soapstone  equivalent  of  the  sample 
under  test  was  readily  determined.  The  thermo-elec- 
tromotive  forces  of  the  thermocouples  were  measured  by 
means  of  a  thermocouple  potentiometer  and  their 
equivalent  temperatures  obtained  by  reference  to  a  cali- 
bration curve  previously  determined  for  the  thermo- 
couple wire  used. 

DIVISION  DROP 

If  the  two  parts  of  the  apparatus  are  fitted  as 
closely  as  possible  togetlier,  thus  having  no  material  be- 
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tween  them  at  MN,  and  the  temperatures  as  indicated 
by  the  thermocouples  measured,  a  curve  such  as  is 
shown  in  Fig.  2  represents  the  temperature  distribution 
along  the  cylinders.  The  positions  of  all  thermo- 
couples are  measured  from  the  uppermost  one.  There 
is  a  very  marked  temperature  drop  at  the  division  be- 
tween the  two  parts  of  the  apparatus,  equivalent  to  2.5 
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FIG.    2 — TEMPERATURE    DISTRIBUTION    ALONG    THE    CYLINDERS 

degrees  C  for  this  particular  temperature  distribution. 
This  is  about  4.4  percent  of  the  total  drop  between 
thermocouples  /  and  8.  A  sheet  of  paper  o.ooi  in.  thick 
was  then  inserted  which  caused  a  slight  increase  in  this 
temperature  drop,  although  it  by  no  means  doubled  it. 
Several  things  were  then  tried,  to  see  whether  the  drop 
could  be  eliminated,  either  entirely  or  in  part.  It  was 
found  that  by  putting  vaseline  or  glycerine  between  the 
surfaces  MN,  this  division  drop  was  almost,  if  not  en- 
tirely avoided.  This  was  true  at  least  for  relatively 
small  temperature  gradients.  Fig.  3  illustrates  this 
point  very  clearly.  This  curve  was  obtained  when  the 
division  MA''  was  well  lubricated  with  vaseline. 

To  test  whether  the  vaseline  soaked  into  the  soap- 
stone  sufficiently  to  affect  the  results,  two  rings  and 
discs  were  cut  from  the  same  piece,  one  ring  and  one 
disc  being  thoroughly  soaked  in  hot  vaseline,  and  then 
the  temperature  gradients  were  obtained  both  with  the 
vaseline  soaked  ring  and  disc  inserted  in  MN  and  again 
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the  junction  MN  of  the  apparatus.  The  temperature 
gradient  along  the  apparatus  was  determined  when 
different  numbers  of  sheets  (discs  and  rings)  were  in 
position  MN  for  various  temperature  •  differences  be- 
tween the  hot  and  cold  ends.  A  typical  set  of  observa- 
tions is  represented  by  the  curve  in  Fig.  4.  The  or- 
dinates  are  the  temperatures  in  degrees  centigrade  cor- 
responding to  the  respective  distances  of  the  thermo- 
couples I,  2,  J  etc.  measured  from  couple  /.  Curve 
/  was  obtained  when  the  sample  was  composed  of  six 
sheets  and  curve  2  for  ten  sheets  of  0.005  '^-  paraffined 
fish  paper.  Vaseline  was  used  between  the  sheets  in 
order  to  diminish  the  division  drop  as  much  as  possible. 
Sufficient  pressure  was  applied  to  the  top  of  the  ap- 
paratus to  insure  good  contact  between  the  surface  of 
the  constitutents  of  the  sample  and  the  soapstone.  The 
values  of  the  soapstone  equivalent  of  one  inch  of 
parafiiined  fish  paper  obtained  from  the  curves  in  Fig. 
4  were  32.8  in.  and  32.0  in.  respectively.  That  is,  one 
inch  of  paraffined  fish  paper  composed  of  sheets  0.015 
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FIG.    3 — TEMPERATURE    DISTRIBUTION    WITH    DIVISION    LUBRICATED 
WITH    VASELINE 

with  the  unsoaked  ones  in  the  same  position.  No 
noticeable  difference  existed  between  the  two  cases  as 
the  temperature  gradients  along  the  apparatus  and 
through  the  disc  were  identical. 

SOAPSTONE  EQUIVALENT   OF   PARAFFINED   FISH    PAPER 

Discs  and  rings  were  cut  from  0.015  ii^-  paraffined 
fish  paper  so  as  to  fit  the  core  and  surrounding  ring  at 


FIG.    4 — TEMPERATURE    GRADIENT    WITH    PARAFFINED    FISH    PAPER 
IN   THE  DIVISION 

Curve  /  with  six  sheets  and  curve  2  with  ten  sheets. 

in.  thick  would  have  a  thermal  resistance  equivalent  to 
the  above  values  of  soapstone.  These  values  of  the 
soapstone  equivalent  of  fish  paper  were  obtained  from 
the  curves  in  Fig.  4  as  follows : — The  drop  through  the 
sample  i  is  2.5  degrees  C.  and  hence  the  drop  per  centi- 
meter is  this  value  divided  by  the  thickness  of  the 
sample,  that  is  2.55/0.2286  or  11. 15.  The  average 
temperature  gradient  obtained  from  the  slope  of  the 
curve  just  above  and  below  the  sample  is  0.350  degrees 
per  centimeter.  Therefore  one  cm.  of  the  fish  paper  is 
equivalent  to  11. 15  -^  0.350  or  32.8  cm.  of  soapstone; 
or  one  inch  of  fish  paper  will  have  the  same  thermal 
resistance  as  32.8  inches  of  soapstone. 

Similar  results,  obtained  for  other  samples  com- 
posed of  different  numbers  of  sheets,  are  given  in  Table 
I.  These  results  are  all  for  0.015  in.  paraffined  fish 
paper.  As  can  be  seen  from  the  table,  this  method  gives 
a  wide  variation  in  results.  Various  factors  produce 
these  variations,  one  of  which  is  due  to  the  fact  that  the 
temperature  does  not  fall  uniformly  along  the  sample, 
heat  being  lost  by  radiation,  conduction  and  convection 
from  the  inner  core  to  the  outside  wall.  This  makes 
the  slope  of  the  curve,  which  determines  the  value  of 
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the  temperature  gradient,  quite  uncertain,  especially 
just  above  and  just  below  the  sample.  Consequently 
the  final  results  which  depend  upon  these  gradients  will 
vary  considerably.  This  large  variation  in  results  made 
ii  quite  evident  that  it  would  be  advisable  to  attempt  the 
work  by  the  use  of  some  other  method.  The  one  de- 
scribed in  the  following  section  was  found  very  satis- 
factory. The  above  method  has  the  disadvantage  also 
of  being  an  indirect  one  which  would  necessitate  a 
separate  determination  of  the  thermal  conductivity  of 
soapstone  itself.  This  however  would  have  been  a  small 
matter  had  the  results  been  in  close  and  satisfactory 
agreement.  Such  results  as  are  recorded  in  Table  I  by 
no  means  fulfill  these  conditions. 

THE  THERMAL  METER 

A  sketch  of  the  "thermal  meter"  used  is  shown  in 
Fig.  5.  It  consisted  essentially  of  an  electric  heater  H 
constituting  two  hot  equitemperature  surfaces  or 
sources  of  heat  and  two  cooling  chambers  E,  E  (one 


TABLE   I— SOAPSTONE 

EQUIVALENT   THERMAL 

RESISTIVITIES  OF  PARAFFINED  FISH  PAPER 
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on  either  side  of  the  heater)  or  cold  constant  tempera- 
ture surfaces.  The  heat  generated  in  H  passes  laterally 
through  the  samples  /,  /  of  a  given  material  to  the  cold 
reservoirs  E,  E.  The  heater  was  made  from  two  discs 
of  soapstone  nine  in.  in  diameter  and  three  eighths  in. 
thick.  Each  disc  had  a  spiral  groove  of  three  sixteenths 
in.  pitch  cut  in  one  face.  A  heater  wire  of  No.  21 
constantan  was  wound  and  cemented  securely  in  the 
groove  of  each  disc,  and  then  the  discs  were  cemented 
together  with  the  sides  containing  the  heater  wire  adja- 
cent. The  two  heating  elements  in  the  two  discs  were 
joined  together  at  the  center  by  means  of  a  peg  in  one 
disc  being  pushed  into  the  spring  contact  in  the  other. 
Potential  leads  were  brought  out  from  each  heating  ele- 
ment at  points  two  inches  from  the  centers.  It  was 
later  found  that  potential  leads  fastened  to  the  heating 
elements  at  the  points  where  the  wire  started  in  the 
outer  terminals  of  the  spirals  served  equally  well,  since 
the  temperature  coefficient  of  resistance  of  the  con- 
stantan wire  is  very  small  and  furthermore  the  temper- 
ature of  the  heater  was  constant  over  its  entire  face. 
Extra  turns  of  wire  were  wound  around  the  outer  edge 
of  the  heater  in  order  to  prevent  the  loss  of  the  heat 


generated  in  the  heating  element  proper  through  the 
edge  of  the  heater.  After  several  trials,  it  was  found 
that  this  procedure  gave  a  heater  which  had  a  very  con- 
slant  temperature  over  its  two  faces  even  up  to  the 
outer  edge. 

Two  samples  of  the  material  to  be  tested  were  al- 
ways used,  each  being  nine  inches  in  diameter  and  from 
0.1  to  0.75  in.  thick  depending  upon  the  nature  of  the 
material.  One  sample  was  placed  on  each  side  of  the 
heater  /,  /,  Fig.  5.  Extra  discs  of  lagging  of  the  same 
material  as  the  sample  or  some  other  suitable  ma- 
terial, were  placed  on  each  side  of  the  sample,  as  shown 
by  the  shaded  portions  in  Fig.  5.  This  made  the  ulti- 
mate drop  at  high  temperatures  less  than  it  otherwise 
would  have  been,  and  likewise  gave  a  wider  range  of 
mean  temperature.  The  faces  of  the  cold  reservoirs 
E,  E,  constituting  the  cold  equitemperature  surfaces, 
were  made  of  heavy  brass  having  a  diameter  of  ten 
inches.  The  samples,  heaters  and  cold  reservoirs  were 
held  together  securely  by  means  of  bolts  extending  be- 
tween these  two  plates.  At  first  strong  spiral  springs 
were  used  around  these  connecting  bolts  to  insure  uni- 
form pressure,  but  it  was  found  later  that  equally  sat- 
isfactory results  could  be  obtained  by  merely  turning 
down  the  nuts  until  the  samples  were  drawn  tightly  to- 
gether. Thermocouples  of  five  mil  copper  constantan 
wire  were  inserted  on  each  side  of  the  samples  /,/  under 
test.  Great  care  was  taken  in  order  to  insure  good  con- 
tact between  the  sample  and  the  thennocouple  junction. 
Two  couples  were  placed  on  each  side  of  a  sample,  one 
at  the  mid  point  and  another  about  1.5  inches  from  the 
center.  The  electromotive  force  of  the  couples,  (the 
cold  junction  being  always  kept  ai  zero  degrees  C.)  was 
measured  by  means  of  a  thermocouple  potentiometer. 
The  current  in  the  heater  was  likewise  measured  by 
the  same  potentiometer  by  measuring  the  drop  through 
a  standard  resistance  placed  in  series  with  the  heater. 
The  potential  drop  per  unit  length  of  heater  wire  was 
also  measured  by  means  of  the  potentiometer.  This 
necessitated  placing  a  high  resistance  in  parallel  with 
the  heater  and  then  measuring  the  potential  drop  across 
a  small  fraction  of  this.  The  current  was  supplied  by 
a  storage  battery  and  consequently  remained  steady. 
The  cold  equitemperature  surfaces  E,  E  were  main- 
tained so  by  having  water  circulating  through  them  con- 
tinuously. The  outer  edges  of  the  samples  and  heater 
were  surrounded  by  felt  in  order  to  prevent  undue  loss 
of  heat  from  the  edges  of  the  heater  and  samples.    ■ 

In  order  to  facilitate  the  work,  a  second  apparatus 
having  the  same  parts  as  the  one  described  above  was 
constructed,  the  only  difference  being  that  the  heater, 
etc.  were  of  square  cross-sections.  This  heater  was 
made  of  soapstone  slabs  12  inches  square.  The  heater 
wire,  of  No.  21  constantan,  was  wound  back  and  forth 
in  parallel  slots  three  sixteenths  in.  apart  in  each  of 
the  parts  of  the  heater.  This  made  its  construction 
quite  easy.  The  elements  of  the  two  parts  of  this  heater 
were  joined  in  parallel,  as  its  resistance  would  have 
been  too  high  for  the  available  voltage  had  they  been  in 
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series.  The  potential  leads  of  this  heater  were  joined 
at  the  ends  of  a  wire  in  a  single  groove  thus  measuring 
the  drop  in  a  12  inch  length  of  the  wire.  Four  sets  of 
potential  leads  were  inserted  (two  in  each  half)  and 
the  average  of  the  four  potential  drops  was  used  in  cal- 
culating the  drop  per  unit  length  of  heater  wire.  As 
for  the   round   heater,   extra   turns   of   wire   were  put 


J 


k 


FIG.   5 — THERMAL  METER 

around  its  outer  edges  to  insure  a  uniform  temperature 
source.  Great  care  was  taken  to  have  the  same  amount 
of  resistance  in  each  element  of  the  heater,  since  they 
were  joined  in  parallel.  The  faces  of  the  cooling  res- 
ervoirs were  of  cast  brass  13.5  in.  square  by  1  inch 
thick.  This,  being  heavy,  avoided  any  buckling  when 
bolted  together  over  the  heater  and  the  materials  tested. 
Identical  results  were  obtained  with  the  two  pieces  of 
apparatus  for  a  gjiven  material. 

THEORY  AND  METHOD 

The  chief  advantage  of  this  method  of  determining 
thermal  conductivities  is  the  ease  with  which  the  quanti- 
ties involved  are  measured.     When  heat  passes  continu- 


passes,  and  t^,  t^  the  temperatures  of  the  hot  and  cold 
surfaces  respectively.  This  formula  readily  lends  itself 
to  the  calculation  of  k.  The  other  quantities  are 
readily  measured  in  the  above  described  apparatus.  Q 
is  determined  from  the  current  in  the  heater  wire  and 
the  potential  drop  per  unit  area  of  heater.  The  latter  is 
readily  calculated  from  the  constants  of  the  heater  and 
the  potential  drops  between  the  fixed  leads  mentioned 
in  the  preceding  section.  Half  the  heat  generated  must 
pass  laterally  through  each  sample.  The  distance  d  is 
the  average  thickness  of  each  sample.  The  area  A  can 
be  taken  as  any  desired  value,  preferably  unity.  This 
is  possible  only  since  the  resistance  of  heating  elements 
per  unit  length  is  constant,  it  being  constantan  with  a 
practically  constant  temperature.  The  temperature  t^ 
and  <i  are  the  mean  values  of  the  temperatures  for  the 
hot  and  cold  sides  of  both  samples,  as  determined  by  the 
thermocouples.  The  thermocouples  (copper-constan- 
tan)  were  carefully  calibrated  so  that  the  temperatures 
corresponding  to  the  microvolts  measured  from  the 
calibration  curve  could  readily  be  obtained.  One 
rather  serious  disadvantage  of  this  method  of  measur- 

TABLE  II— THERMAL  CONDUCTIVITY  OF  0,030  INCH 
TREATED  FULLERBOARD 
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FIG.   6 — TEMPERATURE  COEFFICIENT  OF  TREATED   FULLERBOARD 

ously  from  one  plane  constant-temperature  surface  to 
another  parallel  to  it,  the  quantity  of  heat  flowing  per 


second  is  given  by  the  relation, —  g  = 


A  k  {/;-/,, 


where  k 


the  thermal  conductivity  of  the  intervening  medium,  d 
its  thickness  or  the  distance  between  the  constant  tem- 
perature surfaces,  A  the  area  through  which  the  heat 
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ing  thermal  conductivities  is  that  it  requires  a  long  time 
to  establish  the  temperature  equilibrium  which  is  ab 
solutely  requisite  in  such  measurements.  For  the  ap- 
paratus used  here  no  observations  were  taken  under 
3.5  hours  heating  and  nearly  all  measurements  were 
taken  after  some  6  to  7  hours  heating.  This  latter  time 
was  quite  sufficient  for  equilibrium  of  temperature  dis- 
tribution to  be  fully  established. 

The  samples  of  the  materials  tested  were  usually 
composed  of  one  or  more  sheets.  Extreme  care  was 
taken  to  eliminate  the  air  between  the  surfaces  of  the 
component  sheets  by  the  use  of  vaseline,  shellac,  car- 
penter's glue,  etc.  By  the  use  of  such  materials  the 
drop  between  component  sheets  was  made  negligible  or 
at  least  of  the  same  order  of  magnitude  as  the  drop 
through  the  same  distance  in  the  material  itself.  This 
was  due  to  the  fact  that  the  thermal  conductivities  of 
such  materials  as  glue,  when  dried,  differ  but  little  in 
order  of  magnitude  from  those  of  the  sheet  materials 
dealt  with.  In  making  up  a  sample,  that  material  was 
used  to  make  good  contact  between  the  components 
which  lent  itself  most  readily  to  the  case  in  hand. 
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A  typical  set  of  results  for  samples  made  up  from 
0.030  in.  fullerboard  is  given  in  Table  II.  By  plotting 
the  val-ues  of  the  mean  temperatures  as  ordinates  and 
the  corresponding  values  of  the  thermal  conductivity  k 
as)  abscissae,  it  is  possible  to  get  a  measure  of  the  tem- 
perature coefficient  of  thermal  conductivity.  These 
values  in  Table  II  are  plotted  in  Fig.  6  and  a  straight 
line  representing  the  general  slope  drawn  through  the 
points.  Such  a  line  corresponds  to  the  relation: — 
kt  =  k„  (I  +  at) 

Where  ^t  and  kf,  are  the  thermal  conductivities  at 
temperatures,  t  and  o,  respectively,  and  a  is  the  tem- 
perature coefficient.  As  is  shown,  the  value  of  a  for 
this  sample  is  about  0.0030. 

In  the  manner  outlined  above  the  thermal  conduc- 
tivity measurements  have  been  made  for  a  large  number 
of  materials.  The  values  obtained  are  recorded  in 
Tables  III,  IV,  V,  and  VI  and  are  expressed  both  in 

TABLE    III — THERMAL    CONDUCTIVITIES    OP    FIBROUS  INSULATIONS 
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Trans. 

20 

372 

395 

0.018  in.                          1 

0.221    1 

1.02 

20-80 

3951 

420 

21 

Black    Bias    Cloth               1 

1 

0.009  In. 

0.209 

1.26 

Trans. 

20-100 

6001 

621 

0.009  In. 

0.782 

1.26 

Long. 

20 

915 

975 

20-100 

10271 

1091 

50 

Micarta                                     I 

1 

Trans. 

20 

6061 

645 

0.125  In.                           1 

0.247 

1.36   t 

20-90 

6201 

660 

6 

calories  /cm/  degree  C.  /  sec.  and  in  watts  /in./  degree 
C.     The  value  is  also  given  for  a  definite  temperature 
such  as  20  degrees  C.  as  well  as  for  an  average  range  of 
2o  to  8o  degrees.     The  temperature  coefficient  is  also  re- 
corded as  determined  from  curves  similar  to  the  one 
shown  in  Fig.  6.     It  is  to  be  observed  that  all  samples 
did  not  show  a  temperature  coefficient.     This  is  doubt- 
less due  to  the  changing  characteristics  of  the  samples. 
Thus  it  is  highly  possible  that  the  increase  in  the  thermal 
conductivity    due    to    an    increase    in    temperature   is 
counteracted  by  a  corresponding  increase  in  the  thermal 
resistance  due  to  the  change  in  the  surface  contacts,  and 
likewise  an  increase  in  air  pockets.     Besides  measuring 
the  thermal  conductivity  transversly  for  sheet  material, 
measurements  have  been  made  as  shown  by  the  tables 
of  the  longitudinal  conductivity  along  the  laminations. 
The  samples  for  this  latter  work  were  prepared  for  the 
one  apparatus  by  winding  discs  of  the  material  nine 
inches  in  diameter,  and  for  the  other  apparatus  by  cut- 
ting  the   material    into   strips   and   then 
forcing  them  '^ightly  togetisT  in  a  spe- 
cial press.     By  coating  the  edges  of  the 
strips,  while  in  the  press,  with  glue  they 
could  be  held  together  in  a  square  sample 
and  later  placed  in  the  apparatus.     It  is 
interesting  to  note  that  the  ratio  of  the 
longitudinal    to    the    transverse    conduc- 
tivity is  much  greater  for  the  mica  com- 
binations  than   for  the   other  insulating 
materials.     This  is  due  to  the  influence 
of  the  mica,  whose  longitudinal  conduc- 
tivity is  so  much  better  than  its  trans- 
verse.    The  same  ratio  has  its  least  value 
for  such  materials  as  varnished  cambric 
and    black    bias    cloth.     For    these    ma- 
terials, there  is  less  difference  between 
the  transverse  and  longitudinal  construc- 
tion than  in  the  mica  compounds. 
■      Results  were  obtained  also  for  a  num- 
ber of  granular  and  powdered  materials. 
In    order   to   make   these   measurements 
toroidal  rings  were  made  of  pine  wood, 
'one-half  in.  wide,  one-half  in.  thick  and 
I  having  an  internal  diameter  slightly  less 
j^than  nine  in.     The  powdered  materials 
were  placed  within  these  rings  between 
sheets  of  paper  glued  to  the  sides  of  the 
''  rings.       The     thermocouples     were    at- 
tached adjacent  the  material  by  means 
J^of  shellac  to  the  inner  sides  of  the  papers 

glued  to  the  rings. 
H  Results  were  also  obtained  for  the 
[  transverse  thermal  conductivity  of  0.0172 
I  in.  carbon  sheet  steel  and  for  0.014  in. 
•  silicon  sheet  steel.  The  values  obtained 
fare  slightly  greater  than  those  obtained 
f  by  other  observers  for  similar  materials, 
f  Attempts  were  made  to  detect  the  change 


THE  ELECTRIC  JOURNAL 


531 


TABLE    IV — THERMAL    CONDUCTIVITIES    OF    MICA     COMBINATIONS 


0  m 

6 

ai 

■5; 

Material 

0 

Direction  of 
Heat  Flow 

a 

2S 

2>^' 

if 

.-  S 

fHtD 

CO 

5?X 

lo" 

i- 

5x 

Mica   Tape 

1 

0.006   In. 

10.201 

1.06 

Trans. 

20-80 

630 

670 

0.008    In 

10.229 

1.12 

Trans. 

20-80 

630 

670 

0.006    In. 

10.768 

1.06 

Lonsr. 

20-80 

3470 

3680 

Cement  Paper  and  Mica 

1 

No.  226 

10.223 

1 

Trans. 

20 
20-80 

443 
462 

472 
491 

14 

No.  227 

10.1985 

1 

Trans. 

20 
20-100 

465 
498 

494 
530 

15 

No.    247 

10.225 
1 

Trans. 

20 
20-80 

501 
522 

533 
555 

16 

No.    227 

(0.512 

Long. 

20 
20-80 

2230 
2360 

2370 
2510 

20 

Craft  Paper 

and  Mica 

No.   312 

10.220 

Trans. 

20-100 

545 

579 

No.  312 

10.520 

1 

Long. 

20 
20-100 

2680 
2840 

2830 
3020 

16 

Fish    Paper 

and    Mica 

No.    230 

0.195 

Trans. 

20-100 

483 

514 

No.    232 

0.233 

Trans. 

20-100 

475 

505 

No.   233 

0.237 

Trans. 

20-100 

451 

481 

Pressed    Mic 

a   Plate 

0.041   In. 

White 

0.201 

2.34 

Trans. 

20-100 

623 

663 

0.041   In. 

Yellow 

0.203 

2.41 

Trans. 

20-100 

550 

585 

0.032    In. 

White 

0.1915 

2.32 

Trans. 

20-100 

675 

718 

0.032    In. 

Yellow 

0.1915 

2.41 

Trans. 

20-100 

580 

617 

0.025    In. 

White 

0.1995 

2.43 

Trans. 

20-100 

725 

771 

0.025    In. 

Yellow 

0.1996 

2.26 

Trans. 

20-100 

612 

650 

Micarta    Fol 

lum 

No.   249 

0.233 

Trans. 

20100 

553 

588 

No.   249 

0.569 

Long. 

20-100 

2700 

2870 

TABLE  V—  THERMAL   CONDUCTIVITIES   OF   MISCELLANEOUS  MATERIALS 


OT*-* 

0 

a:^ 

..., 

Material 

■^  0. 

. 

Direction  of 

° 

E  " 

^"^ 

0 

0 

Heat  Flow 

"m- 

a-r 

•-  e 

B 

—  ^0 

'S 

si 

E-iai 

Oo    X 

Hard    Rubber 

0.380 

1.19 

Trans. 

25-50 

380 

404 

White    Fibre 

0.383 

1.22 

Trans. 

20 

663 

705 

20-80 

695 

728 

12 

Woods 

White  Pine 

10.519 

0.45 

Across   Grain 

20-120 

255 

271 

White  Pine 

0.732 

0.45 

Along  Grain 

30-80 

613 

652 

White  Oak 

0.516 

0.60 

Across   Grain 

20-80 

455 

484 

18 

White  Oak 

0.754 

0.60 

Along   Grain 

40-70 

944 

1003 

Maple 

0.733 

0.72 

Along  Grain 

20 

1015 

1078 

0.72 

Along   Grain 

20-80 

1037 

1100 

8 

Maple 

0.508 

0.72 

Across   Grain 

20-80 

434 

461 

Asbestos 

%    In.  Sheet 

0.344 

0.894 

Trans. 

22-80 

395 

420 

0.025  In.  Paper 

10.306 

0.98 

Trans. 

20 

345 

367 

20-100 

375 

399 

24 

0.035  in.  Cloth 

0.356 

Trans. 

20 

666 

708 

20-80 

685 

728 

14 

Asbestos  Board 

0.507 

1.93 

Trans. 

20-90 
20 

1950 
1780 

2080 
1890 

14 

Plate    Glass 

,0.252 

2.49 

Trans. 

20 

1786 

1900 

1 

20-100 

1945 

2070 

18 

Plate  Glass 

10.289 

2.60 

Trans. 

20 

1905 

2024 

Plate  Glass 

10.289 

Trans. 

20-120 

2016 

2142 

12 

Soapstone 

,0.715 

2.87 

Trans. 

70-130 

8000 

8500 

Sil-O-Cel 

0.977 

0.495 

Trans. 

30-150 

262 

279 

15 

Brick 

30 

242 

258 

Powdered 

0.955 

0.15 

30-150 

242 

258 

Sil-0-Cel 

30 

208 

222 

31 

Wool    Felt 

0.98 

0.15 

Trans. 

40-100 

175 

186 

76 

Dark    Grey 

40 

149 

158 

Solid 

1.04 

1.58 

50-130 

LIO2OOI 

:172001 

12 

Graphite 

50 

105500 

112200 

Powdered 

Graphite 

0.476 

0.70 

40-100 
40 

3200 
2850 

3400 
3030 

48 

Through    20    mesh    onto 

40   mesh 

Powdered    Graphite 

0.476 

0.42 

40-110 

1007 

1080 

40 

Through    40     mesh 

40 

922 

980 

Powdered   Graphite 

0.476 

0.48 

40-110 

482 

513 

34 

Through   100  mesh 

40 

438 

467 

Lamp    Black,  Eagle  Brand 

0.476 

0.165 

40-150 

166 

176 

6 

Germanto^vn 

40 

156 

160 

Coal   Dust 

0.476 

0.73 

30-150 
30 

298 
265 

317 
282 

23 

Iron   Dust   and   Sand 

0.377 

1.14 

30150 

517 

550 

23 

30 

460| 

489 

of  transverse  thermal  conductivity  of 
iron  stampings  with  pressure,  but  the 
apparatus  did  not  lend  itself  readily  to 
this,  since  the  exact  pressure  applied 
could  not  be  determined.  It  is  interest- 
ing to  note  that  the  transverse  conduc- 
tivity of  iron  stampings  can  be  increased 
from  3  to  4.5  times  by  painting  the 
sheets  with  asphalt  paint  before  putting 
them  together.  Consequently  if  the 
punchings  in  electrical  apparatus  could 
be  assembled  in  grc  "-,  having  a  gum  or 
other  suitable  materia.'  between  the  con- 
stituents so  as  to  have  better  contact,  the 
heat  generated  could  be  much  more 
readily  conducted  away.  The  results 
for  the  longitudinal  thermal  conductivity 
of  iron  stampings  were  obtained  by  mak- 
ing up  a  form,  12  by  12  by  1.5  in.  from 
strips  12  by  1.5  in.  of  each  of  the  two 
kinds  of  steel  mentioned.  The  strips 
were  fastened  tightly  together  by  means 
of  heavy  bars  and  bolts.  Each  side  of 
these  were  ground  smooth  and  the 
thermocouples  inserted  in  small  grooves 
in  the  faces,  the  thermocouple  junction 
being  actually  pinched  between  the  sheets 
of  the  material. 

By  comparing  the  values  found  for 
soapstone  and  0.015  in.  paraffined  fish 
paper  by  this  method,  it  is  seen  that  one 
inch  of  paraffined  fish  paper  (made  up 
of  sheets)  has  a  thermal  resistance  equal 
to  16  inches  of  soapstone.  In  Part  I,  it 
was  seen  that  the  same  ratio  was  found 
to  be  32  by  means  of  Northrup's  thermal 
bridge.  The  discrepancy  is  no  doubt 
due  to  the  loss  of  heat  laterally  in  the 
bridge.  This  makes  the  slope  of  the 
curve,  Fig.  4,  much  greater  above  the 
sample  than  below  it.  Consequently  a 
larger  ratio  is  obtained  than  would  be 
the  case  were  the  temperature  drop  uni- 
form along  the  apparatus.  It  is  easy  to 
show  mathematically  also  that  an  appar- 
atus, such  as  is  depicted  in  Fig.  I,  should 
be  at  least  five  times  as  large  in  diameter 
as  it  is  long  in  order  to  be  little  influenced 
by  loss  of  heat  from  the  sides.  As  can 
be  seen,  no  such  relations  existed  be- 
tween the  dimensions  of  the  apparatus. 

It  is  interesting  to  see  the  effect  a  layer 
of  dust  would  have  upon  the  internal 
temperature  of  a  piece  of  apparatus. 
Thus  if  a  layer  of  coal  dust  is  deposited 
upon  a  surface  through  which  heat  is 
passing,  the  temperature  within  the  sur- 
face will  be  raised  0.001/0.003  or  1-3  de- 
gree  C.    for   each   watt   of   energy   that 
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TABLE    TI.— THERMAL 

CONDUCTIVITIES    OP    SHEET 

STEEL 

o  m 

O 

a 

'S 

Material 

®  ©" 

Direction  of 

° 

6g 

t^ 

o 

^"p. 

Heat  Flow 

d 

5iM? 

.2     ■■? 

P.-r 

s  a 

i 

I?x 

|2 

EhOQ 

& 

O.    X 

f^  > 

0.0172  In..    M.    A. 

0.415 

Trans. 

20 

13701      1455 

Varnished 

20-80 

14301      1520 

19 

With  Asphalt 

0.420 

Trans. 

20 

4710!      5020 

Paint  on  Sheets 

Trans. 

20-80 

48501      5160 

10 

Unvarnished 

0.416 

Trans. 

40           1      14801      1570 

0.0172   In. 

40-100 

15801      1680 

25 

Same      -with 

0.425 

Trans. 

40 

6360|      6750 

Asphalt    Paint 

40-100 

65201      6930 

9 

W.   A.   Silicon  Steel 

1 

0.014   In. 

0.419 

Trans. 

40-80 

12701      1350 

16 

Varnished 

1 

Same    Painted    with    As- 

1 

phaltum 

0.422 

Trans. 

40-80 

46401      4920 

10 

Unvarnished 

0.440 

Trans. 

20 

13401      1420 

20-100 

14701      1560 

25 

Same   Painted    ss   Above 

0.443 

Trans. 

20 

42001      4470 

20-100 

45201      4810 

17 

0.0172   In.,     M.    A. 

1 

Sheet    Steel 

1.48 

Long. 

40-100 

1030001109500 

6 

Unvarnished 

40 

1013001107700 

0.014   In..   W.  A. 

Silicon    Steel 

1.44 

Long. 

40-100 

41800     44400 

19 

Unvarnished 

40 

39500     42000 

1 

passes  through  unit  area  of  the  surface  in  the  form  of 
heat.  This  is  on  the  assumption  that  there  is  but  little 
difference  between  the  loss  of  heat  from  the  two  surfaces . 

SUMMARY   OF  RESULTS 

/• — Attempts  made  to  use  a  "thermal  bridge",  re- 
commended by  Prof.  Northrup,  to  determine  the 
thermal  conductivity  of  insulating  sheet  materials  in- 
dicated that  it  was  not  satisfactory  for  this  work. 

2 — Two  "thermal  meters",  one  of  circular  cross- 
section  and  the  other  of  square  cross-section  have  been 
found  entirely  reliable  for  the  measurement  of  the 
thermal  conductivity  of  sheet  and  other  materials. 

J — By  putting  vaseline,  glycerin,  glue,  shellac  or  a 
similar  material  on  the  division  between  two  surfaces, 
the  thermal  drop  due  to  such  division  can  largely  be 
eliminated.  This  is  particularly  true  for  poor  con- 
ductors. 

4 — The  thermal  conductivity  has  been  measured 
for  a  large  number  of  materials,  both  across  and  along 
the  laminations.     For  poor  conductors,  the  ratio  of  the 


longitudinal  to  the  transverse  conductivity 
varies  from  .?  for  black  bias  cloth  to  5.5  for 
mica  tape. 

5 — The  temperature  coefficient  of  thermal 
conductivity  has  been  measured  whenever  the 
experimental  results  justified  doing  so. 

6 — Of  the  electrical  insulating  materials 
tested,  those  containing  mica  have  the  best 
thermal  conductivity. 

7 — As  a  thermal  insulator,  soft  pine  is 
the  best  of  the  woods  tested.  It  is  but  little 
inferior  to  dark  grey  felt. 

8 — The    transverse    conductivity    of    iron 
stampings  can  be  increased  some  three  or  four 
times  by  the  insertion  of  some  suitable  ma- 
terial between  the  stampings  so  as  to  make 
better  thermal  contact.     This  is  for  a  pressure 
of  about  50  lbs.  per  sq.  in.     Nothing  destroy- 
ing the  electrical  insulation  could  be  used  how- 
ever.    By    using    something    between    sheets, 
using  something  between  sheets,  the  ratio  of  the  longi- 
tudinal to  transverse  conductivity  could  be  reduced  to 
20  to  ^5  instead  of  80  to  100. 

9 — In  general,  the  thermal  conductivity  of  lamin- 
ated products  can  be  considerably  increased  by  suitable 
impregnation,  so  as  to  get  rid  of  the  air  film. 

10 — Oil  soaking  soft  fuller  board  increases  its 
thermal  conductivity  by  about  50  percent. 

// — The  best  thermal  insulation  for  a  given  thick- 
ness of  any  material  is  obtained  by  using  several  thin 
sheets  rather  than  a  single  sheet. 

12 — Results  were  obtained  for  longitudinal  conduc- 
tivity of  iron  stampings.  0.0172  in.  carbon  sheet  steel 
is  about  2.5  times  better  than  0.014  in.  silicon  sheet  steel. 
Carbon  sheet  steel  has  a  longitudinal  thermal  conduc- 
tivity about  80  times  the  transverse,  while  silicon  has 
but  32  times  the  transverse. 

j^ — A  layer  of  dust,  say  coal  dust,  upon  the  sur- 
face of  a  body  will  increase  its  internal  temperature  by 
1/3  degree    C.  per  watt  flowing  through  unit  area. 


C.  K.  Applegarth 

SQUIRREL-CAGE  induction  motors,  of  five 
horse-power  and  less,  are  usually  started  by  con- 
necting them  directly  to  the  power  supply  with- 
out the  use  of  a  current  limiting  device,  such  as  a  re- 
sistor or  transformer.  The  impedance  of  these  small 
motors  is  sufficient  to  limit  the  current  drawn  at  stand- 
still to  an  amount  which  will  not  cause  serious  voltage 
disturbances  to  an  ordinary  power  circuit.  Standard 
practice  has,  in  general,  limited  the  size  of  motors 
started  in  this  way  to  five  horse-power,  although,  for 


and  H.  D.  James 

some  applications,  10  and  20  horse-power  motors  and 
occasionally  even  larger  sizes  have  been  started  by  con- 
necting them  directly  to  the  line.  When  motors  are 
started  in  this  way,  the  controller  consists  of  a  device 
for  connecting  the  primary  of  the  motor  to  the  power 
circuit  and  is  usually  called  a  "motor  starter"  or  simply 
a  "starter".  The  starter  should  be  provided  with  a  low- 
voltage  device  to  protect  the  operator  and  machinery 
from  injury  due  to  the  unexpected  starting  of  the  motor 
upon  the  restoration  of  voltage  after  a  failure  of  power ; 


THE  ELECTRIC  JOURNAL 


533 


it  should  also  be  provided  with  an  overload  device  to 
protect  the  motor  against  overheating  due  to  excessive 
loads.  If  the  overload  device  has  a  considerable  time 
element,  it  can  be  adjusted  close  to  the  motor  rating  and 
afford  protection  against  injury  due  to  single-phase  op- 
eration. 

The  starter  should  be  rugged  in  construction  and 
have  sufficient  arc-rupturing  capacity  to  open  the  cur- 
rent taken  by  the  motor  when  at  stand-still.  The  con- 
struction should  be  the  same  as  for  standard  controllers 


speed.  Usually  the  motor  operates  at  about  97  percent 
of  synchronous  speed,  which  gives  a  full  load  torque 
value  of  about  half  the  maximum.  Curve  B  represents 
(he  current,  which  is  a  maximum  at  the  time  of  starting, 
and  decreases  in  value  gradually  at  first,  the  decrease 
becoming  more  rapid  as  the  motor  approaches  its  m.axi- 
mum  torque  value.  If  the  torque  exerted  by  the  motor, 
when  at  rest,  is  sufficient  to  overcome  the  static  friction 


FIG.    I — 10   HP   MOTOR   STARTER  FIG.    2 — 25    HP    QUICK    MAKE   AND   BREAK    STARTING   SWITCH 

Having  contactors  arranged  to  open  and  close  with  a  quick  positive  motion  independent  of  the  speed  at  which 
the  handle  is  moved.  These  starters  are  equipped  with  both  low-voltage  and  inverse  time  element  overload  devices, 
so  arranged  that  the  switch  cannot  be  held  closed  on  overload.  All  live  parts  are  totally  enclosed  in  dust  proof 
cases.     In  Fig.  2  the  knob  is  removed  to  permit  of  shipper  rod  operation. 


used  with  larger  motors.  Devices  designed  for  other 
purposes  very  often  do  not  have  the  contacts  or 
mechanism  rugged  enough  to  stand  the  frequent  op- 
eration to  which  the  starter  is  subjected.  It  is,  there- 
fore, better  to  design  the  apparatus  specifically  for  mo- 
tor starting  rather  than  to  atteinpt  to  adapt  other  ap- 
paraus  for  this  purpose. 

The  overload  protection  presents  a  special  problem 
on  account  of  the  heavy  starting  current  which  is  main- 
tained for  a  large  part  of  the  starting  period.     Fig.  3 


and  start  the  load,  it  will  accelerate  rapidly  on  account 
of  the  increase  in  value  of  the  motor  torque.  Most  ap- 
plications require  more  torque  to  start  than  to  accelerate 
the  load,  so  that  there  is  a  large  surplus  torque  available 
for  acceleration,  and  motors  of  this  type  often  accelerate 
to  full  speed  in  three  or  four  seconds.  During  most  of 
this  accelerating  period  the  current  is  considerably  in 
excess  of  its  normal  value,  so  that  the  overload  pro- 
tective  device,    unless   short-circuited,    is   subjected   to 
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FIG.    3 — INDUCTION    MOTOR    CHARACTERISTIC    CURVES 

Showing  variation  in  torque  and  current  during  the  acceleration 
of  a  5  hp,  squirrel-cage  induction  motor. 

shows  the  curve  of  a  squirrel-cage  motor  of  average 
design.  Curve  A  represents  the  torque,  which  is  rela- 
tively small  when  the  motor  is  at  rest  and  increases  to  a 
maximum  value  close  to  full  speed.  The  torque  then 
rapidly  decreases  until  it  reaches  zero  at  synchronous 


FIG.    4 — RELAY    CURVE 

Showing  the  time  required  for  the  overload  device  to  open 
the  starter  after  an  overload  has  been  applied.  The  percentage 
of  load  is  in  terms  of  the  relay  setting  and  is  usually  higher 
than  the  full-load  rating  of  the  motor. 

this  heavy  current.  Some  starting  devices  have  two 
positions,  one  for  starting,  in  which  the  overload  pro- 
tection is  short-circuited.  Other  devices  use  relays  to 
obtain  overload  protection  and  provide  these  relays  with 
dash  pots  to  retard  their  operation.     The  time  element 
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obtained  with  a  dashpot  relay  of  this  kind  is  shown  in 
Fig.  4,  the  horizontal  Hne  indicating  the  percent  of  cur- 
rent in  excess  of  that  required  to  trip  the  relay.  The 
vertical  lines  show  the  time  required  for  tripping  after 
the  current  has  been  applied. 


FIG.   5 — OVERLOAD    DEVICE    FOR    THE    MOTOR    STARTERS    SHOWN 
IN    FIGS.    I    AND    2 

The  calibration  is  indicated  on  the  dashpot,  the  setting  for 
the  proper  overload  being  obtained  by  screwing  the  dashpot 
up  or  down  in  the  supporting  sleeve.  A  vertical  groove  is  made 
in  the  dashpot  and  a  locliing  tip  is  so  mounted  on  the  support- 
ing sleeve  as  to  hold  the  dash-pot  securely  at  any  setting.  The 
calibration  is  adjusted  by  bringing  the  proper  mark  to  the 
bottom  of  the  projection  on  the  supporting  sleeve;  it  can  be 
changed  quickly  with  one  hand  and  without  the  use  of  any  tools. 

Most  motors  used  for  industrial  applications  are 
subjected  to  overloads  for  short  periods  of  time. 
Ordinarily  25  percent  overload  can  be  carried  for  a 
considerable  period  of  time  without  injuring  the  motor. 
It  is,  therefore,  customary  to  set  the  overload  trip  so 
that  it  will  operate  close  to  this  value.  If  we  assume 
that  it  is  set  to  operate  at  125  percent  of  full  load  and 
that  the  current  taken  by  the  motor  when  at  rest  is  five 


seconds  the  relay  can  be  set  at  125  percent  of  the  full- 
load  rating  and  start  the  motor  without  tripping.  Ex- 
perience shows  that  most  applications  for  small  motors 
have  a  load  characteristic  that  permits  the  motor  to  start 
within  this  time  interval,  in  fact,  many  applications  are 


FIG.    6 — THE  CONTACTS   ARE  READILY   ACCESSIBLE  FOR 
ADJUSTMENT    OR    REPLACEMENT 

accelerated  to  full  speed  in  three  seconds  or  less,  so 
that  it  is  not  necessary  to  short-circuit  an  overload  relay 
of  this  design  during  the  starting  period ;  this  results  in 
a  much  simpler  form  of  controller.  A  relay  automatic- 
ally resets  itself  after  tripping  and  is  therefore  prefer- 
able to  a  fuse,  especially  for  machine  tool  or  other  simi- 
lar work  where  severe  overloads  for  a  very  short  time 
are  common.  The  first  cost  of  fuses  is  less  than  relays 
but  renewing  fuses  is  a  continual  expense  and,  unless 
properly  protected,  the  workman  is  exposed  to  live  parts 
of  the  circuit  during  renewal. 

Controllers  of  this  type  are  usually  required  to  have 
both  low-voltage  and  overload  protection,  but  it  is  some- 
times desirable  to  omit  one  or  the  other,  or  perhaps  both 
of  these  devices.     It  is,  therefore,  convenient  to  have 
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FIG.    7 — MOTOR    STARTER    WITH    TANK    REMOVED  -      '      :• 

These  three  views  illustrate  the  action  of  the  contacts  in  closing  and  opening.  The  contacts  first  engage  at  the  tip 
and  then  roll  back  to  the  heel  which  carries  the  current.  In  opening,  the  reverse  operation  takes  place,  and  causes  all  of 
the  arcing  to  occur  at  the  tip.     The  rolling  action  prevents  the  contacts  being  welded  together  and  lengthens  their  life. 

the  controller  so  designed  that  it  will  permit  of  these 
variations.  A  starter  of  this  general  type  without  the 
overload  device  is  illustrated  in  Fig.  6.  The  overload 
trip  is  mounted  in  a  small  case  which  can  be  detached 
from  the  side  of  the  switch.  The  low-voltage  device  is 
mounted  inside  the  cover  and  may  be  omitted  when  not 
required. 

It  is  desirable  to  enclose  control  equipment  so  that 


times  the  full  load  value,  the  relay  will  be  subjected  to  a 
load  which  is  equal  to  5  -^  1.25,  or  four  times  its  trip- 
ping value  when  the  motor  is  first  started.  The  curve 
shows  that  the  relay  has  a  time  element  of  three  seconds 
at  this  overload  but,  as  the  motor  accelerates,  the  cur- 
rent decreases  and  the  time  element  of  the  relay  in- 
creases. 

If  the  motor  can  accelerate  the  load  in  four  or  five 
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live  parts  are  not  exposed  or  easily  touched  by  operators 
or  other  persons.  The  arc  rupturing  parts  should  also 
be  protected  so  that  the  flash  cannot  burn  the  operator 
or  set  fire  to  objects  in  the  vicinity.  It  is  an  advantage 
to  have  the  apparatus  enclosed  in  a  case  which  will  ex- 
clude ordinary  dust  or  moisture.     The  starters  shown 


desirable  manner.  It  is,  therefore,  a  distinct  advantage 
to  arrange  the  contacts  so  that,  even  with  a  slow,  un- 
certain movement  of  the  handle,  the  contacts  will  close 
and  open  with  a  quick  positive  motion.  An  arrange- 
ment of  this  kind  is  usually  known  as  a  "quick  make  and 
break"  device. 


FIG.   8 — METHOD    OF    CONNECTING    THE 
MOTOR    STARTER 

Where  the  line  wires  enter  from  be- 
low and  the  motor  wires  from  above, 
or  vice  versa. 

in  the  illustrations  are  all  of  this  type.  These 
starters  are  entirely  self-contained,  and  the  contact  ele- 
ment trips  free  from  the  handle  to  prevent  holding  it 
closed  on  an  overload.  The  switch  compartment  is 
provided  with  non-combustible  barriers  between  adja- 
cent sets  of  contacts  and  the  tank  is  lined  with  an  in- 
sulating material ;  this  arrangement  permits  the  use  of 
the  switch  without  oil.     The  lower  part  of  the  enclosure 


FIG.   9 — A    MOTOR    STARTER    WITH    THE 
WIRES    ENTERING    THE    TOP 


10 — METHOD  OF  CONNECTING  A  MOTOR 
STARTER    FOR    OPEN    WIRING 


The  method  of  obtaining  this  action  in  the  switch 
shown  in  Figs,  i  and  2  is  unique.  The  contacts  are 
actuated  by  the  movement  of  the  operating  handle,  first 
to  the  reset  position  and  then  to  the  on  position.  The 
operating  handle  is  connected  to  the  contactors  through 
a  spring  toggle  mechanism  which  is  so  arranged  that 
they  will  not  remain  in  any  intermediate  position,  but 
are  either  fully  open  or  fully  closed.  As  the  speed  at 
which  the  contacts  open  or  close  is  determined  solely  by 
the  spring,  the  correct  functioning  of  the  switch  is  in- 
dependent of  any  carelessness  on  the  part  of  the  op- 
erator.    This  reset  feature  eliminates  the  possibility  of 


FIG.    I J — A    MOTOR   STARTER   MOUNTED   NEAR  THE  CEILING 

And  arranged  to  be  operated  from  the  floor  by  pull  cords, 
is  made  oil  tight  so  that  where  combustible  or  explosive 
material  exists  in  the  atmosphere,  oil  can  be  used  as  an 
added  precaution  against  igniting  this  material. 

The  life  of  contacts  depends  largely  upon  their  be- 
ing closed,  as  well  as  opened,  with  a  quick  positive  mo- 
tion. On  many  applications  the  operator  cannot  be  de- 
pended upon  to  move  the  controller  handle  in  the  most 


FIG.    12 — OSCILLOGRAPH    RECORD   OF    A    TEST    MADE   ON    A    2$    HP 
MOTOR    STARTER 

Line  characteristics,  three-phase,  60  cycles,  750  volts,.  55 
percent  power-factor,  maximum  3770  amperes,  root  mean  square 
2680  amperes. 

a  false  start  by  an  accidental  movement  of  the  starting 
handle. 

The  general  form  of  contactors  is  the  same  as  that 
which  has  been  proven  successful  in  larger  magnetic 
contactors;  that  is,  they  provide  a  combined  rolling  and 
wiping  action  which  localizes  all  arcing  at  the  tips  and 
ensures  a  clean  surface  at  the  point  of  final  contact. 
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This  form  of  contactor  has  been  proven  by  heavy  steel 
mill  and  railway  service  to  give  long  life  under  the  most 
severe  operating  conditions. 

Starters  are  usually  mounted  so  that  the  handles 
are  within  reach  of  the  operator.  There  are  some  in- 
stallations, however,  where  it  is  more  convenient  to 
mount  the  starter  close  to  the  ceiling  and  operate  it  by 
ropes  as  shown  in  Fig.  ii. 

It  is  often  desirable  to  place  the  starter  on  one  end 
of  a  spinning  frame,  lathe  or  other  device  and  operate 
it  by  means  of  a  shipper  bar  or  a  lever.  An  attachment 
of  this  kind  can  be  readily  made  by  removing  the  knob 
from  the  handle  and  making  a  connection  through  a 
slot  in  the  handle.  However,  where  a  small  starting 
device  is  used  and  the  operating  handle  is  attached  to  a 
shipper  bar,  or  other  heavy  moving  device,  stops  should 
be  provided  on  the  shipper  bar  so  that  the  hammer  blow, 
at  the  time  of  operation,  will  not  be  transmitted  to  the 
frame  of  the  starting  device. 

Safety  stop  buttons  can  be  connected  in  series  with 
the  low  voltage  coil  for  stopping  the  motor.  It  is  neces- 
sary on  some  applications  to  locate  these  buttons  at  safe 
points  on  or  near  the  driven  machinery  for  convenience 
or  to  afford  the  operator  reasonable  protection  in  case 
of  accident. 


Good  practice  makes  it  desirable  to  use  conduit 
connections  throughout  an  installation.  This  affords 
protection  both  against  personal  hazard  and  against 
fire,  and  presents  a  very  neat  appearance.  An  arrange- 
ment of  conduit  mounting  for  starters  of  this  type  is 
illustrated  in  Figs.  8  and  9.  If  open  wiring  is  used 
the  wire  should  be  brought  out  through  a  standard  fit- 
ting, as  shown  in  Fig.   10. 

A  motor  starter  of  this  type  may  also  be  used  to 
protect  circuits  feeding  two  or  more  motors  and  for 
other  applications  where  overload  protection  is  desired. 
It  is  often  advantageous  in  an  industrial  establishment 
to  keep  the  apparatus  uniform  to  reduce  the  spare  parts 
required  for  maintenance.  Motor  starters  of  this  type 
have  a  considerable  arc  rupturing  capacity.  Tests  were 
made  upon  the  starters  shown  in  Figs,  i  and  2,  by  con- 
necting them  to  a  load  of  50  percent  power-factor  and 
750  volts,  with  oil  in  the  tanks.  The  load  for  the  larger 
starter,  as  shown  by  the  test,  was  approximately  2000 
amperes ;  it  ruptured  this  circuit  successfully  ten  times 
ai  one  minute  intervals.  The  smaller  starter  ruptured 
1000  amperes  under  similar  conditions.  The  tests  show 
that,  where  these  starters  are  used  in  connection  with 
motors,  they  afford  a  considerable  circuit  rupturing  ca- 
pacity in  excess  of  that  required  for  successfully  start- 
ing the  motor. 


1827 — Open  Delta  Connection  —  Of 
three  single-phase,  500  k.v.a.  trans- 
formers, connected  delta-delta,  16000 
to  4000  volts,  one  16000  volt  main 
burns  off  at  X.  What  effect  will  this 
have  on  a  rotary  converter  feeding 
from  the  4000  volt  side  through  three- 
wire,  single-phase  transformers  (dia- 
metrical) 4000-208?  What  voltage 
will  show  on  a  voltmeter  which  reads 
normally  4000  volts?  m.s.b.    (pa.) 

With  the  bus  open,  as  shown  by  Fig. 
(a),  two  of  the  transformers  are  con- 
nected in  open  V  while  the  other  unit 
is  idle.     The  output  of  the  bank  under 
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FIG.    1827(a) 

these  conditions  is  limited  to  58  percent 
of  that  of  the  complete  delta  bank.  The 
open  V  connection  should  give  approxi- 
mately normal  voltage  on  the  4000  volt 
side,  the  only  difference  being  a  little 
greater  regulation  than  was  the  case 
with  the  complete  bank.    This  connec- 


tion   should   not   affect   the   rotary  con- 
verter operation.  j.F.r. 

1828 — Revolving  Armature  Alternator 
— Please  explain  the  transformer 
action  in  the  old  style  revolving  arma- 
ture, two-phase  alternator.  I  have 
seen  a  150  kw,  12  pole,  600  r.p.m.  ma- 
chine with  the  compensating  field 
winding  on  the  four  laminated  spokes 
of  the  armature.  There  are  four  pri- 
mary windings,  one  in  each  lead  to 
the  four  collector  rings.  However, 
there  are  only  two  secondary  wind- 
ings connecting  with  the  rectifying 
commutator.  It  would  appear  that 
two  of  the  primary  windings  are  so 
remote  from  the  secondary  as  to  re- 
sult in  considerable  magnetic  leakage, 
and  to  serve  somewhat  as  mere  choke 
coils.  Would  it  not  be  better  to  have 
the  secondary  turns  equally  distri- 
buted on  all  four  spokes? 

A.s.p.  (r.i.) 

The  old  style  compensating  revolving 
armature  had  four  arms,  or  poles,  in  the 
spiders.  When  wound  for  two-phase,  a 
compensating  winding  was  arranged  as 
shown  in  Fig.  (a).  Here,  A^  and  A, 
represent  the  primary  compensating 
winding  for  one  phase;  Z?i  and  B,  the 
primary  for  the  other  phase.  A^  and  A^ 
are  so  arranged  that  their  fluxes  are  in 
opposite  directions,  as  indicated  in  Fig. 


(a).  The  same  holds  true  also  for  ^1 
and  B-!.  Therefore,  winding  Ai  and  A, 
must  send  its  magnetic  flux  through  the 
spokes,  or  arms,  which  carry  windings 
/?i  and  B2.  In  the  same  way,  fluxes  Bi 
and  B-.  must  go  through  the  arms  carry- 
ing Ai  and  A2.  Thus  a  secondary  wind- 
ing placed  on  either  pair  of  arms  will  be 
influenced  by  the  resultant  flux  of  both 


FIG.    1828(a) 


A  and  B  phases,  and  the  compounding 
action  will  be  the  resultant  of  the  two 
phases.  Neither  winding  acts  as  a  choke 
coil,  except  for  the  very  small  leakage 
around  the  arms.  This  is  necessarily  of 
a  minor  degree,  because  the  actual  am- 
pere turns  used  on  the  arms  are  very 
small.  In  consequence,  equal  distribu- 
tion of  the  secondary  turns  apparently 
represents  no  particular  gain,  as  proven 
by  actual  test.  b.g.l. 
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1829 — Half  Voltage  Taps  on  Delta — 
In  a  three-phase,  delta  bank  of  trans- 
formers connected  as  in  Fig.  (a) 
please  explain  what  voltage  will  be 
obtained  at  ab,  be  and  ac.  What 
phase  relation  will  these  be  to  each 
other?     Give  vector  diagram. 

w.s.G.   (n.h.) 
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(b) 
FIGS.  1826(a)  and  (b) 

An  inspection  of  the  vector  diagram 
in  Fig.  (b)  will  completely  answer  this 
question  with  respect  to  both  voltage 
and  flux  relations.  It  is  obvious  that 
the  voltages  between  points  a,  b  and  c 
are  one-half  the  voltages  between  points 
X,  Y  and  Z  and  that  voltage  ab  is  in 
phase  with  voltage  YZ,  etc.  c.r.r. 

1830 — Induction  Motor  with  Open 
Secondary — Considering  a  200  hp, 
three-phase,  60  cycle,  2200  vol'.,  wound 
rotor  induction  motor  with  the  rotor 
locked  and  the  slip  rings  disconnected 
from  the  secondary  resistance,  and 
full  voltage  applied  to  the  stator. 
a — Would  the  voltage  induced  in  the 
rotor  winding  be  apt  to  break  down 
the  insulation  between  phases?  In  a 
machine  of  the  above  type  that  was 
acting  peculiarly  while  accelerating,  a 
short-circuit  between  rotor  phases 
was  suspected  and  so  the  secondary 
resistance  was  disconnected  and  an 
attempt  made  to  start  the  motor 
against  load  with  the  rotor  circuit 
open,  b — Assuming  the  rotor  wind- 
ing had  been  O.  K.  would  not  the 
above  plan  very  likely  cause  a  break- 
down between  phases  itself?  c — 
Would  the  rotor  have  any  appreciable 
torque    with    the    rotor   circuit    open? 

H.R.L.     (wash.) 

a — The  secondary  windings,  collector 
and  brush  rigging  of  wound  rotor  in- 
duction motors  should  be  built  with 
sufficent  insulation  to  withstand  the 
normal  secondary  voltage  of  the  motor; 
that  is  the  voltage  induced  between  the 
slip  rings  with  the  secondary  circuits 
open  when  full  voltage  is  impressed  on 
the  primary  with  the  rotor  at  rest. 

b— Assuming  the  secondary  insulation 
to     be     in     good     condition     and     the 


collector  and  brush  rigging  free  from 
dust  and  moisture,  the  secondary  in- 
sulation should  not  break  down  with 
full  voltage  applied  to  the  primary  and 
with  the  secondary  circuit  open. 

If  the  primary  circuit  is  closed  or 
opened  with  the  primary  voltage  at  full 
value  and  the  secondary  open,  the 
sudden  changes  of  magnetic  flux  will 
induce  voltages  in  the  secondary  which 
may  be  far  in  excess  of  the  normal 
secondary  voltage  and  these  momentary 
high  voltages  may  cause  a  breakdown 
of  the  secondary  insulation  or  a  flash- 
over  at  the  collector.  Full  voltage 
should  never  be  impressed  directly  on 
or  off  the  primary  of  a  large  induction 
motor  with  the  secondary  circuits  open. 
In  taking  an  open  circuit  saturation  test 
on  induction  motors  on  a  test  floor,  the 
voltage  of  the  alternator  is  reduced  to 
a  very  low  value  by  inserting  resistance 
in  the  exciter  field,  before  connection 
is  made  to  the  primary  of  the  motor. 
After  connecting  to  the  primary,  the 
voltage  of  the  alternator  is  then  in- 
creased to  normal  value.  Before  the 
primary  circuit  is  opened,  the  voltage  of 
the  alternator  is  reduced  to  a  low  value. 
c — The  motor  should  not  have  any 
appreciable  torque  with  the  secondary 
circuits  open.  g.t.s. 

183 1 — Arcing  Gkound — We  have  two 
8000  k.  V.  a.,  II  000  volt,  three-phase, 
water-wheel-driven  generators,  star 
connected,  with  ungrounded  neutrals 
operating  in  parallel  with  other  2300 
volt  generators  through  a  bank  of 
transformers.  The  lines  running 
from  the  station  are  11  000  volt,  three- 
phase,  and  while  the  main  line  is  very 
well  erected,  insulated  and  kept  free 
from  trees,  there  is  a  branch  line 
tapping  the  heavy  main  line  that  runs 
four  miles  along  a  highway.  This 
line  furnishes  a  small  town  with  light 
and  power  services  and  is   fused   for 

10  amperes  in  each  wire,  where  it  taps 
the  main  line.  Along  this  branch  line 
there  are  a  great  many  trees  that  can- 
not be  trimmed  and  frequently  we  are 
troubled  with  grounds  and  short- 
circuit.  Is  an  arcing  ground  which 
might  be  caused  by  a  wet  tree  limb  on 
the  branch  line  liable  to  set  up  any 
high  frequency  disturbances  in  the 
generators  and  cause  insulation  dif- 
ficulties? The  main  transmission 
line,  exclusive  of  the  branch  11  000 
volt  line,  is  a  double  circuit  line  of 
only  6100  feet  in  length.  Also  would 
an    arcing   ground    from    one    of    our 

1 1  000  volt  conductors  through  a  de- 
fective insulator  be  a  dangerous  con- 
dition to  have  on  such  a  system?  By 
this  last  we  mean  such  as  a  continual 
static  spitting  through  a  defective 
bushing  and  over  a  damp  piece  of 
marble  asbestos  board  or  other 
similar  material?  c.t.m.   (me.) 

Arcing  grounds  or  defective  insula- 
tors on  a  line  of  this  kind  should  not 
cause  any  disturbance  at  the  generator, 
except  that  which  would  be  caused  by 
sudden  application  of  line  potential 
from  terminal  to  ground.  Such  poten- 
tial should  be  withstood  by  the  in- 
sulation if  it  is  in  good  condition  and 
clean,  but  possibly  when  the  insulation 
has  become  old  and  dirty  and  has  de- 
teriorated, the  potential  might  cause  it 
to  break  down.  Calculations  indicate 
that  the  superposed  oscillation  set  up  by 
the  fault  will  be  of  very  high  frequency. 


because  of  the  low  capacitance  between 
line  and  ground  and  the  damping  of  the 
oscillation  will  be  high.  If  the  11 000 
volt  system  involved  a  considerable 
amount  of  cable,  the  conditions  would 
be  different.  If  trouble  is  being  ex- 
perienced, it  would  be  desirable  to 
ground  the  neutral  of  the  system,  as 
Ihif.  would  prevent  the  rise  of  potential 
of  the  clear  line  to  full  line  voltage,  and 
would  give  insurance  against  the  re- 
peated oscillations  which  might  occur 
now  on  the  system  because  of  its  being 
ungrounded.  a.w.c. 

1832 — Recharging  Flash-Light  Bat- 
teries— Is  it  possible  to  re-charge 
electric  flash  light  batteries,  and  if  so, 
what  is  the  process  ? 

P.L.M.    (pa.) 

It  is  possible  to  recharge  dry  cells  of 
any  type  by  passing  direct-current 
through  them  in  the  opposite  direction 
to  the  normal  flow.  This  current 
should  be  kept  relatively  small,  not  over 
double  normal  load.  While  a  fairly 
good  freshening  charge  can  be  given  a 
battery  in  this  way  several  different 
times,  thereby  materially  increasing  its 
useful  life,  it  is  not  possible  to  recharge 
such  batteries  repeatedly  as  is  done  with 
storage  batteries,  and  the  process  is  a 
wasteful  and  inefficient  one.  As  such 
a  battery  can  never  be  recharged  to  its 
initial  strength,  the  purchase  of  new 
ones  is  usually  advisable.  c.r.r. 

1833 — Induction  Motor  Reversal — We 
have  a  three  hp,  three-phase,  25  cycle, 
7S0  r.p.m.  squirrel-cage  induction 
motor  which  operates  an  endless 
chain  elevator  which  loads  steel  bil- 
lets onto  railroad  cars.  One  of  these 
billets  jammed  the  elevator,  where- 
upon the  motor  came  to  a  dead  stop 
and  reversed  its  direction  of  rotation. 
On  reversing,  the  fuses  did  not  blow 
nor  did  the  switch  trip  out.  None  of 
the  phases  are  open  as  the  motor 
always  runs  in  the  right  direction 
when  started  up.  We  have  since  tried 
fixing  one  of  these  billets  so  that  it 
stops  the  elevator  on  reaching  the  top 
and  also  on  reaching  the  bottom  after 
reversing.  Nothing  happens,  except 
that  the  motor  keeps  reversing  its 
direction  of  rotation  until  some  one 
removes  the  obstructions,  or  trips  the 
switch.  How  can  you  account  for 
this  strange  action? 

C.P.     (ONTARIO) 

There  are  two  possible  explanations 
to  this  which  depend  on  the  speed  at 
which  the  motor  operates  in  the  reverse 
direction  and  whether  a  starter  is  used 
or  not.  a— If  the  reverse  speed  is  the 
full  speed  of  the  motor  and  a  starter  is 
used,  the  cause  is  probably  outside  of 
the  motor  and  the  explanation  is  as  fol- 
lows:  The  motor  is  started  as  a  three- 
phase  machine  by  the  starter  but,  when 
thrown  on  the  line,  one  contact  is  prob- 
ably bad  and  the  motor  operates  as  a 
single-phase  machine.  Since  it  starts 
as  a  three-phase  machine  its  direction 
of  rotation  at  start  is  definite,  but  as  a 
single-phase  motor  its  direction  of  ro- 
tation is  determined  by  the  direction  in 
which  it  is  started.  Also  as  a  single- 
phase  machine  it  will  not  have  as  high 
a  maximum  torque  as  if  it  were  on 
three-phase.  When  the  billet  jams,  the 
motor  stalls  due  to  its  decreased  torque 
when  running  as  a  single-phase  machine 
and  the  back  lash  in  the  gears  give  the 
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rotor  a  start  in  the  opposite  direction. 
As  the  motor  primary  is  still  on  single- 
phase,  it  tends  to  run  the  way  it  gets 
started,  so  that  it  reverses  until  the 
billet  jams  at  the  other  end,  when  it 
goes  through  the  same  cycle.  6— If  the 
reverse  speed  is  very  slow  and  no 
starter  is  used,  the  explanation  is  as 
follows:— Induction  motors  and  es- 
pecially those  with  a  small  number  of 
poles  have  a  tendency  to  have  points  of 
low  torque  in  their  speed  torque  curves. 
If  this  condition  is  present  in  this 
motor,  and  the  rotor  were  suddenly  re- 
versed mechanically  by  the  back  lash  in 
the  machine  when  the  billet  jams,  it 
would  run  in  the  reverse  direction  at  a 
very  slow  speed  and  carry  a  small  load. 

C.W.K. 

lg34_MAGNF.T  Coil— Given  the  number 
of  turns  of  wire  and  ohms  resistance 
(measuring  on  direct-current)  of  an 
alternating-current  magnet  coil  which 
is  to  be  connected  across  a  220  volt,  60 
cycle  line,  how  would  you  determine 
the  number  of  turns  of  wire  on  a  coil 
for  the  same  magnet  switch  for  use 
on  no  volts,  60  cycles;  also  how 
would  you  determine  the  number  of 
turns  of  wire  to  be  used  on  220  volts, 
40  cycles?  w.w.M.    (n.y.) 

Changing  only  the  coil  on  the  magnet 
switch  and  using  the  magnet  to  do  the 
same  work,  that  is,  to  use  same  mag- 
netic circuit  and  keep  the  same  flux 
density,  the  number  of  turns  in  the 
operating  coil  is  directly  proportional  to 
the  voltage  and  inversely  proportional 
to  the  frequency.  Knowing  the  number 
of  turns  for  220  volts,  60  cycles,  the 
number  for  no  volts,  60  cycles  will  be 
one-half  the  former,  and  the  number  of 
turns  for  220  volts,  40  cycles  will  be 
60-H40  or  one  and  one-half  times  that 
for  220  volts,  60  cycles.  Current  and 
size  of  wire  will  vary  inversely  as  the 
number  of  turns.  w.c.g. 

i835_Starting  Trouble  With  In- 
duction Motor— We  have  a  three- 
phase  motor  with  a  wound  rotor  for 
starting  with  resistance  in  series. 
When  this  resistance  is  cut  in  it 
always  starts  O.  K.  But  when  the  re- 
sistance is  all  cut  out  it  starts  at  some 
places  and  not  at  others.  Why  is  it 
that  when  this  resistance  is  all  cut  out 
on  this  wound  rotor  that  it  will  start 
in  some  places  and  not  at  others  until 
one  happens  to  move  the  rotor,  when 
it  will  then  start  O.  K.  once  more? 

F.G.    (mICH.) 

A  wound  rotor  motor  usually  has  a 
relatively  low  resistance  in  the  rotor 
and  when  this  is  short-circuited,  the 
starting  torque  is  low.  When  this  low 
starting  torque  is  further  decreased  by 
increased  magnetic  leakage  due  to  the 
torque  remaining  is  often  insufficient 
to  overcome  the  magnetic  locking 
action  of  the  rotor  teeth  when  a  large 
number  of  rotor  and  stator  teeth  are 
lined  up  opposite  each  other.  This 
condition  is  true  of  all  wound  rotor 
motors  in  greater  or  lesser  degree, 
when  the  rotor  is  short-circuited.  It 
is  not  noticed  when  the  rotor  resistance 
is  relatively  high  as  in  small  motors. 
In  larger  motors,  where  the  resistance 
is  usually  smaller,  the  conditions  vary 
with   different   designs  c.w.k. 

1836  — Testing  Electrolyte  —  What 
test  can  be  given  the  ammonia  so- 
lution   which    is    used    in   electrolytic 
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lighting  arresters  to  determine  if  it 
is  suitable  for  use,  after  it  has  been 
standing  in  the  original  glass  carboys 
for  two  or  more  years  and  not 
opened?  e.w.r.   (kans.) 

Test  two  samples  for  sulphates  and 
chloride,  in  one  case  use  barium  chlo- 
ride and  in  the  other  silver  nitrates.  If 
precipitates  are  obtained,  the  result  is 
positive.  Sulphates  and  chlorides,  except 
in  small  quantities,  have  a  very  de- 
leterious effect  on  electrolyte.  This 
test  can  be  made  by   a  good  druggist. 

G.C.D. 

i837_Determining     Faults      in      In- 
duction Motors— Please  give  methods 
of   locating   faults   in   the   stator  coils 
of       three-phase       alternating-current 
motors    and    also    in    the    rotors    with 
and  without  a  short-circuiting  device. 
G.L.H.   (ill.) 
The  faults  of  a  stator  winding  of   a 
three-phase,     alternating-current     motor 
are  in  general,  a  grounded  coil,  an  open 
coil,      or      a      short-circuited      coil.     A 
ground  can  be  determined  by  measuring 
the  insulation  resistance  of  the  winding 
by  the  use  of  an  ohmmcter  or  megger  or 
making    a    puncture    test    with    an    in- 
sulation  testing   transformer.     An   open 
circuit  in  a  winding  where  the  coils  are 
all     connected     in    series     may    be     de- 
termined by   trying   out   each   phase  of 
the  motor  for  a  circuit  by  the  use  of  an 
ordinary    hand    magneto.     To    find    the 
particular  coil  in  the  phase  that  is  open, 
the    end    connections    of    the    windings 
must  be  opened  up  and  each  coil  tried 
out    separately.     An    open    circuit    in    a 
winding    where    a    series-parallel     con- 
nection of  the  coils  is  used,  must  be  de- 
termined  by   anothet    method   since    an 
open  circuit  in  one  of  the  coils  would 
not  open  up  the  phase.     By  measuring 
the  resistance  across  each  phase  of  the 
winding,   an    unbalanced   condition    will 
be  found  if  one  of  the  coils  is  open      A 
short-circuited   coil   will   heat   consider- 
ably when  normal  voltage  is  applied  to 
the    motor,    and    consequently    the    in- 
sulation   of    the   coil    will   get   hot    and 
burn     so    that    the    coil    that    is    short- 
circuited    can    generally    be    located    by 
observation.    In   small   motor   windings, 
in  which  the  coils  are  not  formed  before 
the  motor  is  wound,  a  turn  or  two  may 
be     short-circuited.     A     fault     of     this 
nature    will    not    burn    out    unless    the 
motor  is  run  for  sometime,  and  must  be 
determined    by    measuring    the    no-load 
input    to    the    motor.     Due    to    the    ex- 
cessive  input   that   the   motor  will   take 
under  this  condition,  the  temperature  of 
the  motor   will   rise   considerably   above 
the  temperature  rating  under  full   load. 
Three-phase    alternating-current   motors 
have   either   a   squirrel   cage   or   wound 
type    rotor.     Any    fault    of    a    squirrel 
cage    rotor    usually    lies    in    improper 
soldering  of  the  copper  bars  to  the  re- 
sistance   rings.     It    is    difficult    to    de- 
termine whether  a  rotor  is  soldered  im- 
properly and  reciuires  a  comparison  of 
the  values  calculated   from  the  original 
design   with   the   actual   values   obtained 
under    test.     The     faults    of    a    wound 
rotor  are  generally  the  three  mentioned 
in    respect    to    the    stator    winding.     A 
grounded    coil,    and    an    open    circuited 
coil    in    the    rotor    winding    can    be    de- 
termined  by   the    same   methods,   as   in 
the    stator    winding.     A    short-circuited 
coil    can    be    determined    by    applying 
normal  voltage  to  the  primary  winding, 


leaving  the  rotor  winding  open  at  the 
rings.  If  one  of  the  coils  of  the  rotor 
is  short-circuited,  the  rotor  will  rotate 
at  a  slow  speed,  accompanied  by  a  low 
pitched  grinding  noise.  The  coil  which 
is  short-circuited  will  get  hot  and  the 
insulation  will  burn  so  that  the  fault 
can  be  located  by  observation.  A 
short-circuited  coil  in  the  wound  rotor 
used  in  a  single-phase  repulsion  motor, 
having  a  short-circuiting  device,  can  be 
determined  by  lifting  the  brushes  and 
connecting  the  stator  winding  to  the 
line.  If  the  rotor  winding  is  short- 
circuited  the  rotor  will  assume  the 
same  fixed  position  each  time  voltage 
ib  applied  to  the  stator  winding,  with 
the   rotor   in   various   positions.       w.o.L. 

1838 — Freezing  B.\tteries — I  have  been 
looking  for  a  thorough  treatise  on 
the  effects  of  freezing  on  a  storage 
battery.  This  subject  is  usually  dis- 
missed with  a  few  words,  such  as 
throw  the  plates  away  if  they  have 
been  frozen  and  a  table  showing  the 
freezing  point  of  different  elec- 
trolytes. I  would  like  to  see  the 
proposition  analyzed,  the  reason  why 
chemical  action  is  caused  by  free- 
zing the  plates,  if  there  is  any  and 
what  methods  have  been  tried  to  re- 
pair or  correct  the  plates  or  battery 
that  has  been  frozen.         b.d.    (idaho) 

If,  after  the  battery  has  been  re- 
charged, the  active  material  is  intact, 
the  battery  will  continue  to  give  good 
service.  However,  when  the  battery  is 
frozen,  the  expansion  of  the  active 
material  and  grid  being  different,  there 
is  a  tendency  for  the  pellets  of  active 
material  to  become  loosened  from  the 
grid,  causing  what  is  known  as  shed- 
ding. If  this  occurs  there  is  no  remedy, 
and  the  battery  should  be  replaced  with 
new  positive  plates.  In  any  case,  there 
is  never  any  marked  effect  upon  the 
negative.  It  is  our  opinion  that  there 
is  no  chemical  action  in  a  battery  free- 
zing, but  that  the  damage  is  purely  phy- 
sical. That  is,  the  hard  rubber  jars 
may  be  broken  and  the  active  material 
may  be  forced  from  the  grids  of  the 
plates.  k.w.g. 

1839 — Motor  Drive — The  writer  has 
been  asked  to  make  a  report  on  the 
advisability  of  driving  line  shafting, 
requiring  approximate  55  hp,  by  using 
two  30  hp,  60  cycle,  550  volt  induction 
motors  instead  of  one  60  hp,  motor, 
the  object  being  to  make  use  of  two 
30  hp  motors  not  in  use.  The  motors 
referred  to  are  the  same  make,  speed, 
etc.  Kindly  advise  what  results 
might  be  expected  from  either  belt, 
chain  or  direct  drive. 

J.B.    (ONTARIO) 

There  should  be  no  difficulty  in  using 
two  30  hp  motors  to  drive  a  line  shaft 
requiring  approximately  55  hp.  For 
belt  drive  all  that  is  necessary  is  to  be 
sure  that  the  motor  pulleys  are  of  the 
same  size  and  the  driven  pulleys  on  the 
line  shaft  are  of  the  same  size.  The 
same  applies  to  a  chain  drive,  i.e.,  the 
driving  pinions  must  have  the  same 
number  of  teeth  and  the  driven  gears 
on  the  line  shaft  must  also  have  the 
same  number  of  teeth.  Direct  drive 
can  be  used,  provided  the  shaft  operates 
at  the  speed  for  which  the  motors  are 
designed.  Also  the  motors  must  have 
the  same  speed  regulation  over  their 
working  range.  ^-^^ 
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i    purpose    of    this    section    is    to    present         The   co -operation   of  all   those   interested   in 

epted  practical  methods  used  by  operating  operating  and  maintaining  railway  equipment 

companies    throughout    the    country  is    invited.      Address    R.    O.    D.    Editor. 


Sj^stematic  Inspection  of  Car  Equipments 


Too  much  stress  cannot  be  laid  upon  the  importance  of 
regular  systematic  inspection  of  street  railway  rolling  stock,  as 
a  result  of  which  clean  dependable  cars  are  always  available  to 
meet  the  demands  of  the  transportation  department  and  failures 
on  the  road  and  number  of  pull-ins  are  reduced,  with  a  con- 
Sequent  better  maintenance  of  schedule  and  car  service. 

A  SUGGESTED  SYSTEM 

In  submitting  a  system  of  inspection  for  railway  equip- 
ment, it  is  fully  realized  that  no  one  definite  scheme  will  apply 
to  all  properties;  also  that  whatever  suggestions  are  made 
along  this  line  will  not  entirely  meet  the  demands  of  the  many 
varj'ing  conditions  under  which  operating  men  must  keep  their 
equipment  on  the  road.  However,  it  is  fair  to  assume  that  by 
having  a  definite  program  of  inspection  outlined  to  meet 
average  conditions  existing  in  the  railway  field,  some  operators 
will  be  benefited  by  using  this  plan  as  a  guide  in  re-arranging 
or  planning  a  system  to  meet  their  own  requirements.  With 
this  in  view,  the  following  outline  is  suggested  for  regular  and 
systematic  inspection  of  railway  equipment : 

PERIODS  SERVICE  TIME  MILEAGE 

Daily  City  Each  day  go  to  zoo      miles 

Interurban        Each  day  i8o  to  200      miles 

Light  City  8  to  10  days  800  to  1000    miles 

Interurban        8  to  10  days  1600  to  2000    miles 

Heavy         City  Once  per  year  30000  to  35  000  miles 

Interurban        Once  per  year  60  000  to  80  000  miles 

DAILY  INSPECTION 

I — Cars  should  be  run  over  the  pit  and  the  brake  rigging 
and  shoes  should  be  inspected  and  repaired,  if  the  parts  are 
found  defective  or  badly  worn. 

2 — All  minor  defects  of  cars  and  equipment  reported  by 
the  crew,  such  as  broken  glass,  faulty  doors,  bad  trolley 
wheels,  hot  bearings,  defective  wiring,  loose  electrical  con- 
tacts, faulty  control  operation,  etc.,  should  be  repaired  so  as 
to  put  the  car  in  good  operating  condition. 

3 — On  some  types  of  motors,  the  bearings  will  require 
oiling  every  night. 

LIGHT   INSPECTION 

I — Run  the  cars  into  the  inspection  shed  and  carefully 
examine  their  mechanical  details,  such  as  trucks,  brakes,  air 
piping,  etc. 

2 — Inspect  the  electrical  equipment,  wiring,  etc.,  and 
check  for  grounds  and  faulty  operation. 

3 — Motors,  controllers,  switch  groups  and  all  auxiliary 
apparatus  should  be  cleaned  thoroughly  by  means  of  dry 
compressed  air. 

4 — Necessary  repairs  to  the  car  body  and  the  details  of 
the  car  should  be  made. 

5 — All  wearing  parts  of  the  equipment,  such  as  bearings, 
commutators,  brushholders,  carbons,  trolley  wheels,  control 
contact  tips,  and  drum  rings  should  be  overhauled  and  put 
in  smooth  running  condition. 

6 — Gears,  pinions,  wheels,  axles,  trucks  and  brake  details 
should  be  inspected  and  all  worn  or  broken  parts  repaired 
or  renewed. 

7 — Examine  the  arc  chutes,  electrical  insulation  and  the 
car  wiring,  to  see  that  they  are  in  safe  operating  condition. 

8 — All  covers  on  electrical  apparatus  and  on  motor  bear- 
ings and  journal  boxes  should  be  made  to  fit  tightly,  so  as 
to  keep  out  dust,  snow  and  water. 

9 — Tighten  all  bolts  on  motors,  gear  cases,  trucks,  etc., 
and  make  all  necessary  repairs  so  that  the  cars  will  leave  the 
inspection  shed  in  such  condition  that  they  will  require  no 
further  attention  (other  than  that  which  is  provided  for  by 
the  daily  inspection),  until  the  next  regular  inspection  period. 

10 — Cars  that  are  equipped  with  the  more  modern  motors, 
having  oil  and  waste  lubrication,  if  oiled  at  this  time,  should 
require  no  further  lubrication  for  the  next  ten  days  or  two 
weeks. 


HEAVY  INSPECTION  OR  GENERAL  OVERHAULING 
These  periodical  ovcrhaulings  of  such  parts  as  the  armature 
and  axle  bearings,  pinions,  gears,  wheels,  truck  details,  etc., 
should  he  determined  by  the  estimated  life  of  such  parts,  this 
life  depending  upon  the  electrical  and  mechanical  design  of  the 
apparatus  and  its  service  conditions.  With  some  equipments, 
it  might  he  advisable  and  more  economical  to  shorten  the  time 
of  overhauling — but  under  extreme  conditions  only  should  the 
time  be  extended  beyond  the  one-year  limit. 

Cay  Body — 

I — Car  body  should  be  lifted  from  trucks  and  all  elec- 
trical equipment  removed,   cleaned  and  overhauled. 

2 — Car  body  should  be  washed  and  all  necessary  repairs 
made  to  frame,  roof,  floors,  platform,  steps,  bumpers,  etc. 

3 — Car  body  should  be  painted  at  least  every  other  gen- 
eral overhauling  period. 

Car  Details — 

I — Windows  and  deck  lights  should  be  removed,  washed, 
repaired  and  the  woodwork  painted. 

2 — All  seats  should  be  cleaned  and  overhauled;  if  cane, 
they  should  be  thoroughly  scrubbed. 

3 — Light  fixtures  and  heaters  should  be  examined  and 
put  in  good  condition. 

4 — Fare  registers,  safety  devices  and  all  other  car  details, 
should  be  inspected  and  repaired. 

Trucks  and  Details — 

I — All  parts  of  the  truck  and  brake  rigging  should  be 
carefully  gone  over  and  the  badly  worn  hangers,  pins,  bolts, 
chafing  plate,  truck  brake  levers,  and  brake  heads,  should 
be  repaired  or  replaced. 

2 — Truck  side  and  center  bearings  should  be  rigidly  at- 
tached to  the  bolster. 

3 — Height  of  bolster  should  be  checked  by  the  standard 
gauge  supplied  for  this  purpose. 

4 — New  brake  shoes  and  turnbuckles  should  be  supplied, 
if  these  parts  are  badly  worn. 

S — Adjust  brake  release  spring. 

6 — Wheels  should  be  checked  for  diameter  and  flange 
wear,  and  either  turned  down  or  replaced  by  new  ones,  if 
necessary. 

7 — Pairs  of  wheels  should  be  kept  to  the  same  diameter 
to  prevent  crowding  one  rail  or  the  other,  with  a  consequent 
destruction  of  flanges  and  an  increased  train  resistance. 

8 — Diameters  of  pairs  of  wheels  on  the  same  car  should 
not  vary  more  than  one-quarter  inch;  otherwise,  the  motor 
on  the  larger  diameter  wheels  will  be  overloaded. 

9 — Gears  should  be  checked  and  renewed,  if  they  will 
not  last  until  the  next  overhauling  period. 

10 — Journal  boxes,  covers,  bearings,  check  plates,  etc., 
should  be  inspected  and  removed,  if  badly  worn  or  broken. 

II — Axles  should  be  checked  in  a  lathe,  and  if  bent  they 
should  be  straightened,  or  replaced  by  new  ones. 

12 — If  axles  are  badly  worn,  or  have  run  their  pre- 
determined maximum  mileage,  replace  by  new  ones. 

13 — Axle  collars  should  be  tightened  and  checked  ior 
proper  clearances. 

Air  Brakes  and  Piping — 

I — With  pressure  in  the  system,  the  gauges  in  the  two 
ends  of  the  car  should  not  vary,  one  from  the  other,  more 
than  five  pounds. 

2 — Governors  should  be  adjusted  to  cut  in  at  fifty-five 
pounds  and  to  cut  out  at  70  pounds  for  city  service  and  85 
to  100  pounds  for  interurban  service. 

3 — Check  the  pop  valve  and  adjust  it  so  that  it  will 
operate  at  approximately  10  to  15  pounds  higher  than  the  cut 
out  pressure  on  the  governor  motor. 
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4 — Governor,  whistle,  air  cocks,  engineer's  valvej  triple 
valve,  etc.,  should  be  put  in  first-class  condition  and  given 
an  operating  test. 

5 — Test  the  air  emergency  equipment. 

6 — Inspect  the  dust  collector,  removing  all  deposited  dust. 

7 — Examine  the  compressor  motor  switches  and  fuses, 
and  put  them  in  good  operating  condition. 

8 — Inspect  the  dash  hose  connections  and  hose  couplings. 

9 — Full  air  pressure  should  be  applied  to  the  brake 
cylinders  in  order  to  check  the  piston  travel,  which  should 
be  limited  to  two  and  one-half  inches  at  each  end. 

10 — Oil  and  dirt  should  be  blown  out  of  all  piping. 

II — With  pressure  on  the  system,  check  for  leaks  and 
repair  all  defects. 

12 — Remove  all  dirt  accummulation  from  the  compressors, 
with  compressed  air. 

13 — Inspect  the  compressor  motor  brushholders  and  see 
that  they  work  freely.  If  the  carbons  are  badly  worn  or 
broken,  furnish  new  ones. 

14 — Check  the  armature  clearances  with  the  gauge  pro- 
vided. If  the  bearings  are  badly  worn,  replace  them  with 
new  ones. 

15— All  windings  should  be  tested  for  grounds.  If  O. 
K.,  paint  with  a  good  grade  of  insulting  varnish. 

16 — Operate  the  pump  with  doors  open,  and  check  for 
unusual  sounds  which  would  indicate  worn  bearings  or  de- 
fective valve  operation. 

17 — The  compressor  gears  and  pinions  should  be  ex- 
amined to  make  sure  that  they  are  in  condition  to  operate 
until  the  next  inspection  period. 

Electrical  Equipment — 

Main  Motors — 

I — Motors  should  be  opened  up,  armature  removed  and 
field  coils  taken  out,  and  the  inside  of  the  motor  frame 
cleaned  out  and  painted,  using  an  air-drying  insulating  paint. 

2 — Test  field  coils  for  short-circuits  and  grounds,  thor- 
oughly overhaul,  paint  and  replace  them  in   frame.  ^^ 

3 — See  that  the  wiring  around  frame,  loads,  bushings, 
and  connections  are  in  first-class  condition ;  that  they  are 
well  cleated  and  that  there  are  no  loose  connections. 

4 — Clean  the  brushholders  and  replace  badly  worn  parts 
and  broken  shunts. 

5 — Renew  carbons,  if  worn  or  broken. 

6 — Bearings  should  be  checked,  and  if  worn  or  defective, 
rebabbitt  or  replace  with  new  bearings. 

7 — Armatures  should  be  thoroughly  blown  out  by  dry 
compressed  air,  and  tested  for  grounds,  open  and  short- 
circuits. 

8 — Inspect  all  bands,  and  if  found  loose  or  broken,  re- 
band.  It  is  considered  advisable  to  reband  a  newly  wound 
armature  after  about  one  year's  service,  as  bands  tend  to 
become  loose,  due  to  the  stretch  of  the  wire  at  high  speeds 
and  the  shrinkage  of  the  insulation,  when  subjected  to  ex- 
cessive temperatures. 

9 — Commutators,  if  badly  worn,  should  be  turned  and 
reundercut.  Front  V  rings  should  be  cleaned  of  all  carbon 
dust  and  oil,  and  thoroughly  painted. 

ID — Armatures  should  be  painted  and  assembled  in  the 
motor  frame.  Appro.ximately  every  second  year  the  armature 
should  be  dipped  in  an  insulating  varnish  and  baked.* 

II — If  it  is  a  split  motor,  be  sure  that  the  housings  or 
bearings  are  a  clamping  fit  between  the  halves  of  the  motor 
frame. 

12 — See  that  all  motor  frame  bolts  are  tight  and  that 
they  are  secured  by  lock  washers. 

13 — Oil  box  covers  should  fit  tightly  so  as  to  exclude 
dirt,  snow  and  water.  Remove  all  dirt  that  would  prevent 
the  covers  from  making  a  good  fit. 

14 — Pinions  should  be  inspected  and  if  badly  worn,  they 
should  be  replaced. 

15 — Gear  cases  should  be  cleaned  and  examined  for 
cracks  and  breaks.  If  found  defective,  replace  with  new 
ones,  or  have  them  welded.  When  replacing,  they  should  be 
bolted  tightly  to  prevent  all  movement  and  consequent  wear- 
ing at  the  supports. 


♦See  Railway  Operating  Data  for  April,  1918. 


Control — 

I — Controllers,  main  switches,  line  switches,  switch 
groups,  reversers,  circuit  interrupters,  etc.,  should  be  care- 
fully inspected  and  thoroughly  cleaned  out. 

2 — All  badly  worn  fingers  and  segments  should  be  re- 
placed. 

3— Contacts  that  are  badly  burned,  should  be  filed  smooth 
and  adjusted,  or  replaced  by  new  ones. 

4 — All  charred  insulating  surfaces  should  be  scraped  and 
shellaced. 

S — -Tighten  up  bolted  connections. 

6 — Test  all  valves  and,  if  leaky,  regrind  them. 

7 — Inspect  and  lubricate  all  piston  leathers. 

8 — Overhaul  the  circuit  breakers,  test  for  grounds,  and 
check  the  setting  of  the  circuit  breaker  with  an  ammeter,so 
as  to  protect  the  remainder  of  the  equipment  against  ex- 
cessive overload. 

9 — Grid  resistors  should  be  thoroughly  cleaned  of  all  dust 
and  dirt. 

10 — Tighten  up  all  bolts  and  replace  cracked  or  broken 
grids. 

II — Examine  the  junction  boxes,  receptacles  etc.,  and  see 
that  all  connections  are  tight  and  r-ny  broken  wires  repaired. 

12 — Current  limit,  over-speed,  and  over-voltage  relays, 
etc.,  should  be  gone  over,  cleaned,  repaired  and  properly 
adjusted. 

Details— 

I — Trolley  wheels  should  be  properly  lined  up  and  thor- 
oughly lubricated.  This  is  very  important,  as  it  will  increase 
the  life  of  the  wheels. 

2 — All  movable  parts  of  the  base  should  be  inspected  and 
well  lubricated. 

3 — Springs  should  be  adjusted  to  give  approximately  25 
to  35  lbs.  pressure  between  the  wheel  and  trolley  wire. 

4 — Collector  shoes  with  copper  contact  strips,  also  those 
that  have  steel  contact  surfaces,  should  be  inspected  and 
lubricated  with  a  mixture  of  heavy  grease  and  graphite. 

5— Pantagraph  contact  pressure  should  be  adjusted  to 
approximately  25  pounds. 

6 — Inspect  all  nuts  to  see  that  they  are  tight  and  that  they 
are  provided  with  lock  washers. 

7 — Taper  pins  are  to  be  checked  to  see  that  they  fit 
securely. 

8 — All  moving  parts  should  be  oiled,  and  the  exposed 
parts  painted. 

0 — Piston  leathers  of  pantagraph  cylinders  should  be  in- 
spected and  lubricated,  the  same  as  those  on  unit  switch 
groups,  so  that  the  leather  will  not  become  sluggish  and 
permit  leakage  of  air. 

10 — Check  the  air  connection  union  to  see  that  the  dia- 
phragm is  in  place  to  protect  the  pantagraph  from  being 
damaged  when  raised  or  lowered. 

II — Lightning  arresters  should  be  gauged  and  tested  to 
make  sure  that  they  are  in  good  working  condition. 

12 — Storage  batteries  should  be  examined  for  broken 
plates,  defective  separaters  and  loose  connections.  Test  the 
electrolyte  for  proper  density  and  see  that  it  covers  the  top 
of  the  plates. 

13 — Check  and  verify  all  control,  heater,  light  and  push- 
button circuits,  and  repair  any  defective  wiring.  See  that  all 
contacts  are  tight. 

14 — Stove  motors  should  be  examined,  cleaned  and  lubri- 
cated, and  the  brush  holders  should  be  fitted  with  new 
carbons. 

15 — If  main  car  wiring  is  not  in  conduit,  go  over  it  care- 
fully to  see  that  it  is  well  cleated  and  secured  from  chafing. 
Repair  all  damaged  parts  and  paint  with  heavy  asphaltum 
paint. 

In  replacing  worn  parts,  during  the  general  overhauling, 
it  may  be  necessary  to  remove  parts  that  have  not  served  their 
usefulness.  These  partly  worn  pieces  can  be  used  in  making 
repairs  during  light  inspection  periods. 

It  is  very  important  in  connection  with  this  work  that  the 
supervision  of  the  light  inspection  and  general  overhauling 
of  equipment  be  under  the  same  directing  head,  so  as  to  elimi. 
nate  any  question  of  responsibility.  J.  S.  Dean. 
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